'EMERGENCY STOP DEVI CE FOR ELEVATOR AN ELEVATOR

BACKGROUND OF THE | NVENTI ON Thi s inventi dWe77t-6
relates general]y to an el dvator, and nore parti cutmtioaTe
to a highly-relrable ener gency stop devi ce for high-speed
el evators which ' 5 devi ce operates when the speed of novenent
of the

EMERGE'ZNCY STOP DEVICE FOR ELEVATOR AND ELEVATOR

/

BAc'i?GRounb OF THE INVENTION
' . This invention relates generally to an

elevator} and more particularly to a highly-reliable
emergency stop device for high-spééd elevators which

5 device operates when the speed of movement of the
elevator exceeds a predetermined speed, and also relates
.to a high-speed elevator equipped with such emergency
stop devices.

It is essential for an elevator to have a

10 emergency stop device which stops an elevator cage at
such an average deceleration inot more than 9.8 m/S?
according to the standard of Japan Elevator Association)
as not to injure péssengers when the cage drops, for
example, as a result of the cutting of drive ropes.

15 . A cohventional emergency stop device comprises
two brake members having their sliding surfaces disposed
in opposed relation to opposite sides of a guide rail,
respectively. When the speed of a cage exceeds a
predetermined speéd, the two brake members are pressed

20 respectively against the opposite sides of the guide
rail by a resiiient force of a resilient member, theraby
producing a braking force. With the advent of
multistory buildings, elevators have been of a high-
speed design and a long-stroke design. When the

25 elevator has such a high-speed and long-stroke design,
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el evat or exceeds a predeterm ned speed, and al so rel ates

to a high-speed el evator equi pped with such energency st op
devi ces. It is egsential for an elevator to have
a + 10 energency stop devi ce whi €h“stops an el evator cage at

such an averagetﬁgcgégéét&g?méggéﬁﬂg[egéh%ﬂegbﬁaﬂﬁﬁ egﬁ tance increase

according to thé st ard at or "ASSocCi aPfi

as not to injurgt5?$é§?g§%5°¥hgﬂe£ gn§§g§F§é9P§BgL%his arouses a pew

exanple, as a res e cutting o

mesony < hoor g SEPHRACYEL B eYhREgOE bichraked by the enecgliigh ke
relation to oppoebpedéiiess oinareasde gabhtly.

5 - ' In the conventional construction, to deal with
such increased braking energy, the force of pressing of
the brake members against the guide rail must be
increased, and therefore the resilient member must be of
a larger size, which results in an increased weight of.

10 the emergency stop device. The increased weight of the
emergency stop device leads to the increase of the
weight of the cage, and therefore the power of a drive
source for driving the elevator must be increased.
Moreover, because of the increased weight of the cage,

15 the number of ropes must be increased, and the diameter
of these ropes must be increaséd, Disadvantageously,
this further increases the weight. Therefore, for
dealing with the higher speed and the longer stroke of
the elevator, the method of pressing the brake members

20 with an increased force is not proper, and instead it is
necessary to enhance sliding properties of the brake
members, that is, to incréase a friction coefficient and
to improve wear resistance.

A brake member is required to have the

25 following sliding properties. In an emergency stop
device, there must be by all means avoided a situation
in which brake members seize on a rail to abruptly §top

a cage, thus injuring passengers. Therefore, the brake
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respectively. When the speed of a cage exceeds a

predeterm ned speed, the two brake nenbers are pressed 20
respectively against the opposite sides of. tshe guide r ai
by a resilient force of a resilient nenber, thereby

producing a brahbﬁ%eEO&%ereﬁh&&eﬁh%oaﬁﬁﬁ%taOEertaln degree of Multistory
bui | di ngs, el evators have béen of a high- speed desi gn and

a long-stroke dagbiicadiag perties so tha#d itchAMal YlothaeiSA iy
hi gh- speed and | ong-stroké design,
lock relative to the rail. On the other hand, in order
to efficiently convert the pressing force into a braking
5 force for stopping a cage, it is necessary to provide a
stable high friction coefficient over a wide-speed range
from a high speed to a low speed. Furthermore, where
ﬁhe resilient member for pressing the brake member
f against the rail comprises a spring having a linear
10 spring constant, the pressing force decreases with the
increase of wear. Therefore, other properties that the
brake member requires is ﬁear resistance.
Generally, case iron has heretofore been uséd
for the brake member. For example, as disclosed in
15 Japanese Patent Publication No. 50-4175, flake graphite
cast iron, FC250 (Japanese Industrial Standard, that is,
JIS), and nodular graphite cast iron, FCD400 (JIS) have
been used. 1In these materials, graphite acts as a
lubricating component, and therefore the locking of the
20 brake member relative to the rail does not occur, and
the friction coefficient is stable. However, although
FC250 and FCD400 are stable in friction coefficient,
- they are low in friction coefficient, and are inferior
in wear resistance. Therefore, when FC250 and FCD400
25 are to be used, the préssing force of the emergency stop
device must be increased, and therefore the weight of
the emergency stop device is increased, which results in
a problem that the weight of the cage is increased.

- —
—
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- 2- t he speed of novenent and the braking di stance increase at

the tinme of enmergency stop, and this arouses a new probl em that the
energy to be braked by the energency _Stop devices increases greatly.
5 In the conventional construction, to deal with such

oy eased oraki ng ener 0 g g Wi SR % Hoonentd PV SFIREEL,

TS The emecHe, Hidihe eV, obielh 1A Bebap. | ppsensed el on
example, with respect to a method of stabilizing a
friction coefficient while keeping its value high,

5 Japanese Patent Publication No. 59-35819 clearly
discloses an emergency stop device in which an iron
material'having a good wear resistance is provided at an
upper portion of a sliding surface of a brake member
while a copper material stable in friction coefficient

10 is provided at a lower portion of the sliding surface.
In this brake member, a iubricating component
indispensable for such a brake member has not been
studied, and has a problem with its reliability.
Although the use of the iron material and the copper

15 material in combination has been studied in order to
deal with a temperature rise of the sliding surface, the
efficiency of thermal conduction between the two
materials is low, and this is not effective in
preventing the fusion of that portion of the sliding

20 surface of the iron material. Furthermore, if the two
materials are not equal in wear resistance to each
other, the upper portion and the lower portion of the
brake member differ in amount of wear from each other,
so that an uneven contact of the sliding surface occurs,

25 which results in a possibility that a proper braking
force is not produced. |

As a method of increasing the stability of a

friction coefficient of a brake member at high

.
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energency stop device leads to the increase of the wei ght of the cage,

and therefore the power of a drive source for driving the el evator
must be increased. Mor eover, because_of the increased weight of the
cage, 15 the nunber of ropes nust be increased, and the dianeter of

these ropes MisterjfordGiAESEhndts HYABSGLPebYosed a hOtRGULENE
T sed 3 Mrthpd b

I ncreases the weight. Therefore, deal | W gher speed and

the longer stroigatiing a thiif SIANAEOIa KéWL IRELOG it PhEEEEDALL BR BT ake

menbers 20 with an increased force is not proper, and instead it is
necessary to enlanrbihg|suitfgceropetie dorake thembeakeas cleaeppers, that is,

to increase a friction coefficient and
disclosed in Japanese Patent Unexamined Publication No.
5 62-269875. .In this method, a study of a lubricating
coﬁponent indispensable for the brake member has not-
been made, and there is a problem with the reliability.
And besides, after the thin film is worn out, the effect
of preventing the fusion of the sliding surface is
10 eliminated, thus causing a problem with the reliability.
Apart from elevators, wvarious kinds of cast
irons have been used as friction materials for railway
vehicles. Various kinds of cast irons for friction
materials used in railway are described in Journal of
15 Japan Society of Lubrication Engineers entitled
"Lubrication" (Vol. 31, No. 12 (1986), pages 845 to
850). The various kinds of cas£ irons for railway
vehicles are used at a speed (20735 m/s), far higher
than the speed (several to 10 and several m/s) of an
20 elevator, with a surface pressure (0.02~0.1 kg/mm?)
smaller than that (several to 10.kg/mm?’) of the elevator.
The friction material for railway is repeatedly used for
a longer period of time whereas a brake member of an
emergency stop device for an elevator needs only to be
25 so durable as to be used only once. Generally, sliding
properties of the material depend on sliding conditions.
Therefore, the various kinds of cast irons for railway

vehicles do not always exhibit the same properties under
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to i nmprove wear resistance. A brake nmenber is required to
have the 25 following sliding properties. In an energency stop

devi ce, there nust be by all means avoi ded g s situation i n which brake
menbers seize on a rail to abruptly stop “a cage t hus |nJur|ng

DI, cqur ARSI Bicnagtotng rovetor.  amely, @ mere

- conversion based on the properties under the condition

of use of railway vehicles is insignificant.

SUMMARY OF THE INVENTION
5 It is an object of this invention to overcome
the above problems of the prior art.

Another object of the invention is to provide
an improved emergency stop device for elevators which
comprises brake members disposed in opposed relation to

10 a guide rail mounted on an elevator path wall, and a
resilient member for pressing the brake members against
the guide rail when the speed of movement of a cage of
the elevator exceeds a predetermined speed.

A further object of the invention is to

15 provide an improved elevator which comprises a cage, a
drive device for moving the cage upward and downward,
and emergency stop devices operable when the speed of
the cage exceeds a predetermined speed.

Accoxrding to one aspect of the present

20 invention, the ratio of a maximum force (kg), produced
by a resilient member for pressing brake members against
a guide rail, to a braking energy (J) required per set
of emergency stop devices for stopping a cage at an
average deceleration of not more than 9.8 m/s? is-not

25 more than 0.015 kg/J.

According to another aspect of the invention,
‘the ratio of the weight (kqg) of a set of emergency stop

[ —
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| ubricating properties so that it -will not seize and | ock relative to

the rail. On the other hand, in order to efficiently convert the
pressing force into a braklng 5 force for,stopping a cage, it is
necessary to prOV|de a stable high friction coefficient over a wide
speed range t W, §pe h I

the resilient ne gFnggggggfﬂ Qn%rgg (ﬁznggsugggh gggFﬁgF ?&2 r ai
conpri ses a spréﬂ@raéxwgseo | 8¢t ced O£8P" 588 g@.ﬂ@t anka tehatprﬁsalv@&a
decreases with the i ncrease of wear. The er properties-t hat

the brake aBEdPEraLUbh'6F hétVRSfel €RAAI 9088m/s? is not more than
0.00015 kg/J.

5 : According to a further aspect of the
invention, a metallic structure of a sliding surface of
the brake member contains a graphite phase, a steadite
phase, a cementite phase and a pearlite phase.

According to a still further aspect of the
10 invention, a metallic structure of a sliding surface of
the brake member contains a steadite phase whose area
ratio is not less than 5%.
According to a further aspect pf the
invention, the brake member is made of an iron alloy
15 containing 34 wt.% C and not less than 0.5 wt.% P.
According to a further aspect of the
invention, the brake member is made of an iron alloy
containing 34 wt.% C, not less-than 0.5 wt.% P, and not
less than 2.0 wt.% of P plus Cr.
20 According'to a further aspect of the
in&ention, there is provided an elevator provided with
the emergency stop devices mentioned in the above

aspects.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 is a schematic perspective view of an
elevator provided with one preferred embodiment of

emergency stop devices of the present invention;

e

—
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General ly, case iron has heretofore been used for the brake nenber.
For exanple, as disclosed in 15 Japanese Patent Publication No. 50-4175,
fl ake graphite cast iron, FC250 (Japangse Industrial Standard, that
IS, JI'S), and nodul ar graphite cast iron, FCD400 (JIS) have been

used. In these nateriaIs,Fg?gfzgggzgcgEPgaa%ic viewH kﬁaggpqnfonponent,

and therefore the | ocking o ake nenber relative to the rai

does not occur, oR8g 588pf beibaNsyeebhi oifeRhe Hrafshite i fRURY
al t hough F%250ggﬁayFCD4 0 gr% gtgglggﬁn Fr?%FzﬁH coefﬁfeilment,ﬁ;n

they are low i nfbyi 6tepategstficient, and are inferior I n wear
resi stance. Therefore, when FC250 and FCD400

Fig. 3 is a partly cross-sectional view of the
5 "emergency stop device taken along the line III-III of
Fig. 2;

Fig. 4 is a cross-sectional view taken along
the line IV-IV of Fig. 3;

Fig. 5 is a partly-broken view showing the

10 interior of the emergency stop device;

Fig. 6 is a diagram showing the relation
between the P content of the brake member of the
invention and a relative mean friction coefficient, as
well as the relation between this content and a relative

15 wear rate;

Fig. 7 is a diagram showing the relation
between an area ratio of steadite in a sliding surface
of the brake member of the invention and a relative mean
friction coefficient, as well as the relation between

20 this area ratio and a relative wear rate;

Fig. 8 is a diagram showing the relation
between the (P + Cr) content of the brake member of the
invention and a relative mean friction coefficient, as
well as the relation between this content and a relative

25 wear rate;

Fig. 9 is a diagram showing the relation
between the ratio of an steadite area plus an cementite
area to a graphite area and a relative mean friction

_—
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25 are to be used, the pressing force of the emergency stop devi ce

must be increased, and therefore the wei ght of t he energency stop
device is increased, which results in @ F probl em that the weight of the
cage i s increased. -

It has been pr §€ﬂ c [ Ldin roperties of
t he brake nenbé%P ¢l exa%ﬁiﬁ éﬁﬁﬂﬁl?éféFﬁ%?ﬁﬁdggg ?ﬁ%ﬁ?izing
a

and a relative wear rate,

Fig. 10 is a perspective view of one example
of brake member of the invention;

5 Fig. 11 is a front-elevational view showing a
portion of a sliding surfaée of the brake member of Fig.
10;

Fig. 12 is an enlarged, cross-sectional view
of a portion of the brake mémber taken along the line

10 XII-XII of Fig. 11;

Fig. 13 is a front-elevational view showing a
portion of a sliding surface of a modified brake member
of the invention; |

Fig. 14 is an enlarged, cross-sectional view:

15 of a portion of the brake member of Fig. 13 taken along
the line XIV-XIV of Fig. 13;

Fig. 15 is a front-elevational view showing a
portion of a sliding surface of another modified brake
member of the invention:

20 Fig. 16 is a diagram showing a comparison
between a conventional emergency stop device and the
device of the invention with respect to the relation
between the ratio of a spring force P to a braking
energy E and a relative mean friction coefficient;

25 Fig. 17 is a diagr;m showing a comparison
between the conventional emergency stop device and the
device of the invention with respect to the relatiop

between the ratio of the weight W of the device to the

\\
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friction coefficient while keeping its val ue high, 5 Japanese Patent
Publ i cati on No. 59-35819 clearly di scl oses an energency stop device in
whi ch an iron mat eri al having a good we resi stance is provided at an
upper portion of a sliding surface of a brake” nember whi l e a copper

mierial stable hpokihgtLAB-GQ°E! LAKCR! reddeligePhayided Al @) over portion

of the sliding surface nmenber, ng conponent

I ndi spensabl e fogoagel ake nmenber has not been studi ed, and has a
problemwth its ?e??a%???fy Al t hough the use of the iron materi al

and the copper Fig. 18 is a schematic view of another
preferred embodiment of the invention in which two sets
5 of emergency stop devices are provided on an elevator;
Fig. 19 is a cross-sectional view taken along

the line XIX-XIX of Fig. 18.

DESCRIPTION OF THE PREfERRED EMBODIMENTS
One preferred embodiment of the present
10 invention will now be described with reference to Fig. 1
to 19.

Fig. 1 is a schematic view showing a mofing
portion of an elevator provided with one preferred
embodiment of emergency stop devices of the present

15 invention. The moving portion of the elevator comprises
a cage 2 movable alohg an elevator path for carrying
passengers, a plurality of main ropes 4 connecting the
cage 2 to a d;ive system mounted within a machine room,
and emergency stop devices 1 for safely stopping the

20 cage 2 in case of emergency. Two guide rails 3 are
mounted on a wall of the elevator path, and serve to
guide the cage 2 when the cage moves upward and
downward. The emergency stop device 1 includes a pair
of brake members 9 therein between which the guide rail

25 3 is interposed, and the brake members 9 are connected
by rods 8 to a governor system (more fully described

later) for detecting the speed of the cage 2. 1In Fig.
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15 material in conbination has been studied in order to deal with a

tenperature rise of the sliding surface, the efficiency of thernal
conducti on between the two material s Ea low, and this is not effective
in preventing the fusion of that porti"on of the sliding 20 surface of

LR o T er L) EO G B hallnd Geblfi ene BRENLERG BRCBBRAEN |1,
O uneyon 6 FRLBAREALLEE EoATBULcOE VEfe b ABIEER BETER 50,
a possibility tOpdv@eOF OPSE MLAEEPDy relatdd Cfo! £h80inPERLYSRY: such as
a door opening-closing device, a tail cord, the drive
5 system, and.those portions associated with the governor,
are.not illustrated.
| In order to explain the operating condition of
the emergency stop devices 1, the construction of the
emergency stop device system is schematically Shown in
10 Fig. 2. The emergency stop device system comprises a
governor 5 mounted within the machine room 50 of the
elevator, a governor rope 6 for transmitting the speed
of the cage 2 to the governor 5, links 7 connecting the
governor rope 6 to the cage 2, and pull-up rods 8
15 connecting the links 7 to the emergency stop devices 1.
Fig. 3 is a schematic, partly cross-sectional
view of the emergency stop device 1 taken along the line
III-III of Fig. 2. 1In Fig. 3, the emergency stop device
1 is shown in cross-section at a right half of the guide
20 rail 3, and is shown in front elevation at a left half
of the guide rail 3. The emergency stop device 1
‘comprises the two brake members 9 having the guide rail
3 disposed therebetween, guide rollers 10 for guiding
the movement of the brake members 9, guides 11, guide
25 support members 12 each supporting the corresponding
- roller 10 and guide 11, a resilient member 13 for
producing a force for pressing the brake members 9

against the guide rail 3, a frame 14, roller plates 15

- This Sheet Has Béen Rerlaced
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As a nmethod of increasing the stability of a friction coefficient of a

brake nmenber at high -5-

t-enper atures, there has been proposed a nethod of coating a thin film
of a heat-resistant material on a sIT di g surface of the brake nenber,
as clearly dissclosed in Japanese. Patept Unexam ned Publicati.qn No. 5
62-269875. | n AR ‘#rb?ﬂ‘g%?da%tﬁﬁ? gHdg P bF#JEaFPﬁﬁeSngmg zollers

10, and fixing bolts 16 which mount the guide support

members 12 on the frame 14, and guide the resilient

member 13. Each of the fixing bolts 16 is mounted on
5 the frame 14 through a spring 17 and a nut 18.

The composition and structure of the brake
member 9, as well as the weight and shape of the
emergency stop device, will be described later in
detail. A U-shaped spring is used as the resilient

10 member 13. In the emergency stop device of the present
invention, the shape of the spring is not limited, and
other types of springs than the U-shaped spring, such as
a belleville spring and a coil spring can be used.

Fig; 4 is a fragmentary cross-sectional view

15 of the emergency stop device taken along the line IV-IV
of Fig. 3. 1In Fig. 4, the rod 8 for pulling the brake
members 9 upwardly when the emergency stop device 1 is
operated is shown in cross-section. A support plate 8°
is connected to the pull-up rod 8, and the brake members

20 9 are supported on the support plate 8’ so as to move
into and out of contact with the guide rail 3. The
brake member 9 is urged against the rollers 10 by a
spring (not shown). The resilient member 13 is fixed to
the frame 14 by fixing bolts (not shown).

25 The operation mechanism of the emergency stop
device 1 will now be described with reference to Figs.
2, 3, 4 and 5. Fig. 5 is a view explanatory of

movements of the relevant parts during the operation of
-
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conponent indi spensable for the brake nmenber has not been nade, and

there is a problemwth the reliability. And besides, after the thin
filmis worn out, the effect of preveni%ng the fusion of the sliding
surface is 10 elimnated, thus causing a probTemwth the reliability.

friction nateri Iclés. Various kinds of cast irons
for friction mat eri a LOrail d i ' nal of 15
Japan Soci ety of LubricatFgﬁﬂéﬁgFgggrg&é#?¥fﬁége made, uqfﬁggéﬁgg" (Vol .

31, No. 12 (1988} fepafied 88°Fligs. 2 and 5. When the cage 2 drops at a

Apar t fron1e|evgﬁgr§3F¥§%b$&2§%5gdae§éﬁ%aﬁy I rons have been used as

speed higher than a predetermined speed, the number of
5 revolution of the governor 5 exceeds a predetermined
level, so that aﬁ acceleration detector (not shown)
provided therein operates to stop the govefnor 5. As a
result, the movement of the governor rope 6 is also
stopped; however, since the cage 2 continues to drop,

10 the links 7 are pulled upwardly relative to the governor
rope, aﬁd the rods 8 connected to the links 7 are also
pulled upwardly. As a result, the brake members 9
supported on the support plate 8’ connected to the rod 8
are pulled upwardly.

15 Next, explanation will now be made with
reference to Figs. 3 and 4. When each rod 8 is pulled
upwardly, the brake members 9 move up&ard while guided
by the roller 10 and the guide 11. When the brake
member 9 moves upward a predeteimined distance relative

20 to the frame 14, the interval or spacing between the
pair of brake members 9 decreases since the pair of
guides 11, disposed in opposed relation to the guide
rail 3, are tapered, and as a result the pair of brake
members 9 are brought into contact with the guide rail

25 3. When the pair of brake members 9 further move
upward, a force of pressing of the brake members 9
against the guide rail 3 is produced, and at the same

time a reaction force is produced, so that the legs of
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850). The various kinds of cast irons for railway vehi cl es are used .at

a speed (20[err]35 m's), far higher than the speed (several to 10 and
several ms) of an 20 elevator, with a surface pressure (0.02[err]0.1
kg/ mierr]) smal | er than t hat (severa@ to 10 kg/an) of the elevator

he fricti | d
-pl)-e(rai ocr:II 812 | '?inme ;'rtgggxageé{ 3 % r{q‘}ﬁ%ﬁfﬂé’ g%??eﬁﬁ%‘?&f‘g?fépfﬁwl ce for
Coneral Ty sl FobyShed r‘ﬁﬁer@ SR M d e R SR LrRES T
condi ti ons. J]'E_@irsefqu e, Pq\Jthéé)Lﬁ Kd 2 Se un%gér%o{-{?rméﬂbé%y

vehi cl es do not al ways e%hl e sane properti
12, thereby produc;ng a predetermined force for pressing

5 °"the brake members 9 against the guide rail 3. As a
result, a large frictional force is produced between the
- guide rail 3 and each brake member 9, thereby stopping
the cage 2.
Contents and results of study of the
10 composition and structure of the brake member 9lused in
this embodiment will now be described below in detail.
For simulating the dropping condition of the
elevator, there were conducted.tests in which a disk of
low carbon steel (SS400 (JIS)), which was a material for
15 the guide rail, was rotated, and each of pins, made of
materials used foi the brake member, was pressed into
sliding contéct with the surface of this disk. For
simulating the operating condition of the emergency stop
device, the disk was decelerated at a constant rate from
20 a predetermined rotational speed until the disk was
stopped. The friction coefficient of the disk and the
pin during that time was measured, and the relation
between the speed and the friction coefficient was
found, and further a mean friction.coefficient and a
25 wear rate were calculated, thereby evaluating the
materials. Conditions of the test are shown in Table 1
below.

The mean friction coefficient pav is
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the operating condition of the elevator. Nanely, a nere conver si on

based on the properties under the condition of use of railway
vehicles is insignificant. SUMVARY ,GF THE I NVENTION 5
It is an object of this invention to overcone t he above probl ens of

the prior art. yotermined in the following manner. The friction

coefficient p depends on a sliding movement speed v, and
therefore it can be expressed by an equation pu = u(v).
The speed ¥ varies with time. If the distance of
5 sliding movement is represented by L, L can be expressed
by an equation L = | v(t)dt, and theiefore the mean
friction coefficient pav can be expressed by an equation
pav = [ p(v)dv/L.
The wear rate WR is expressed by an equation
10 WR = WL/(P x L) where WL represents a wear amdunt, P (=
load/sliding area) represents a surface pressure, and L
represents a sliding distance.

Table 1 Test Conditions

Vp: Initial velocity 8~15 m/s
g: Average deceleration 9.8 m/s?
P: Surface pressure 4~10 kg/mm?

The above studied materials will now be
described. First, various kinds of elements were added
15 to FC250 (serving as a base) used in the conventional
device, and various kinds of cast irons were prepared
from these materials, and changes in structure, means
friction coefficient and wear rate were examined. The
composition fange of the studied materials is shown in

20 Table 2.
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Anot her object-of the invention is to provide an i nproved energency
stop device for el evators which conpri ses brake nenbers disposed in
opposed relation to 10 a guide rail nounted on an elevator path wall, and
a resilient menber for pressing the-bidke nenbers agai nst t he
guide rail when the s eed of novenent of a cage t he el evat or
exceeds a predeterm peedcomposition Rang AP?u?FHGFEGbF§§?réﬁ1§he

i nvention is t 15 _proyi d an_inmproved el evat or ich conprises a cage, a
drive device fqQr goumhegrt he cage upwaljd angidownward, ypn  ard energency
stop devices operable whenl the speed of

wt.$% 3.273.6 1.4~3.5 0.570.7
P. Ni Cx Fe
0~1.6 0~4.0 . 073.0 balance

The above results were obtained by chemically
analyzing samples taken at the time of casting, and show
the composition range of the whole of the brake member.
The effects of C,-Si, Ni, Cr and P among the above

5 elements will be described further.

C is present as graphite, and serves as a
lubricating component. 8Si and Ni have ﬁhe effect of
forming C into graphite. Ni also has the effect of
strengthening pearlite. P forms steadite. Cr has the

10 effect of precipitating cementite and steadite. Mn
serves to remove oxygen from cast iron, and has
extensively.been used as an additive element for cast
iron.

The structure of the cast iron having the

15 |, above composition will now be described. FC250 has a
structure in which flake graphite is precipitated in the
pearlite base. When P is added to Fczéo, steadite of a
three-component eutectic structure represented by FegP-

Fe,C~-Fe is precipitated. When Cr is further added,
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t he cage exceeds a predeterm ned speed. According to one

aspect of the present 20 invention, the ratio of a maxi mum force (kg),
pr oduced by a resilient nmenber for prefzing brake nmenbers agai nst

a guide rail, to a braking energy (J) reqﬁi d per set of energency

stop devices for éggggiag(CE%%g % ond 6%%&%%%%tgﬁp%w§&%}ton of not

nore than 9.8 nf not

pecording {0 angLhes a%ggghégfgghhslsavecﬂte' Qhount of' peddidita¥sdd' g el oht

the steadite increases. With respect to a pearlite
phase of a two-component (Fe,C and ferrite) eutectic

5 structure in which layers of Fe;C and ferrite are
alternately arianged, when Ni is added, the pearlite
phase is made finer. Further, when this element is
added in a larger amount of up to about 4%, the phase is
changed into a hard.structure called bainite.

10 The operation and role which the above
structure performs to serve as the brake member will now
be described.

The graphite phase present in the SIiding
surface serves as a lubricating component, and prevents

15 seizure between the guide rail and the brake member.

The steadite phase is a hard phase, and serves to
increase the friction coefficient and also to increase
the wear resistance. The cementite phase is also a hard
phase, and also serves to increase the friction

20 coefficient and to increase the wear resistance. As
compared with the steadite phase, the cementite phase is
less lowered in hardness at elevated temperatures, and
therefore when the temperature of the sliding surface
becomes high, the friction coefficient and the wear

25 resistance are less lowered.

Results of the study will now be described.
The influence of P will first be described.

The results described below were obtained when changing
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-7- devices to a braking energy (J) required per set of ener gency
stop devices for stopping a cage at an average decel eration of not
nore than 9.8 m's[err] is not nore than _ 1g Q. 00015 kg/J. 5

According to a further aspect of the |nvent|on a nmetallic structure

of a sliding syHeadrifent of tﬁ“%lﬁ!l%‘@flrﬁmfrt}fé)%&hﬁésﬁtﬂéﬁpbft gnghase, a
steadite phase, a cenentite phase and a pearlite phase
According to acihdd dlénidifts.aspafdiddntd®Ely, although the materials

were prepared while fixing the composition of the other

elements, an analysis indicated that there were a little

5 difference between test pieces. Including variations of

the other elements, the composition is shown in Table 3.
Test conditions were the same in all cases. The test

conditions are shown in Table 4.

Table 3 Composition Range of studied Materials

shown in Fig. 6

Element C Si Mn
wt.% 3.4“3.6 1.4”1‘.6 o.5~0.7
P Ni Cr Fe
0~1.6 1.0~71.2 2.072.2 balance

Table 4 Test Conditions

Vy: Initial velocity

11~12 m/s

g: Average deceleration 9.5~10.5 m/s?

P: Surface pressure- 5~7 kg/mm?

/
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10 invention, a netallic structure of a sliding surface of t he brake

menber contains a steadite phase whose area ratio is not |less than 5%
According to a further aspect of the £ ention, the brake menber is
made of an iron alloy 15 containing 3[err] .% C and not |less than 0.5

of the i nventi on,

wt. % P. Accqr di the spec
t he brake nenber is madeco aln ”ﬁ%xﬁ €1t ;?%V?geré[telﬁ]%’%e%c
not less than 0O ‘f; ?n%gn & J.ﬁ:tn.on %%%fr‘fll%}.e%to "gs %eo.ll.cl éjlt%ecr 20

According to a Fhrther aspect
relation between this content and a wear rate. The mean

friction coefficient and the wear rate are a relative

5 mean friction coefficient and a relative wear rate,
respectively, which are obtained by converting them into
respective relative values, using the values of FC250 as
a reference value (1.0). The mean friction coefficient
increases with the increase of the addition amount of P}

10 énd abruptly increases when the P content exceeds about
0.5 wt.%, and reaches a generally constant value when
the P content exceeds about 0.8 wt.%. The wear rate
decreases with the increase of the addition amount of P,
and reaches a generally constant value when the P

15 content exceeds about 0.7 wt.%. As sﬂéwn in Fig. 6, the
mean friction coefficient is about 1.4~1.5 times higher
than that of the conventional material, and the wear
rate is about 9~10 times higher than that of the
conventional material.

20 Fig. 7 shows the relation between an area
ratio of steadite and the mean friction coefficient, as

- well as the relation between this area ratio and the

wear rate. The area ratio of steadite was determined
such that 15 photographs of the structure of the

25 material were taken, and then the steadite portiohs were
traced, and then the area and the area ratio were found
by the use of a picture processing device (LUSEX II)

(manufactured by NIRECO K.K.). The area ratio means a
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I nvention, there is provided an el evator provided with t he emergency

stop devices nentioned in the above aspects. BRI EF DESCRI PTI ON
OF THE DRAW NGS 25 Fig. 1is a@ghematlc per spective view of an
el evator provided with one preferred enbodi‘ment of ener gency stop

devices of the presents  ONENLLO0 of steadite in the range in which the

picture processing was done.

The mean friction coefficient increases with

the increase of the area ratio of steadite, and abruptly
5 ’increases when the area ratio of steadite exceeds about

5%, and reaches a generally constant value when this

area ratio exceeds about 6%. The wear rate decreases

with the increase of the area ratio of steadite, and

reaches a generally constant value when this area ratio
10 exceeds about 6%.

Namely, by adding P to FC250 used as a
material for the conventional brake member, the friction
coefficient and the wear resistance can be improved
greatly. When this addition amount is not less than

15 about 0.5 wt.%, marked effects are obtained, and when
the addition amount is not less than about 0.7 wt.%, the
effect reaches a generally constant level. However,
when the amount of addition of P is more than 3 wt.$%,
the machineability (cutting) for the brake member is

20 deteriorated, and therefore it is preferred that the
addition amount be in the range of 0.7~3 wt.%.

A further study of the structure of the
materials having P added thereto has indicated that the
precipitation of steadite greatly improves the friction

25 coefficient and the wear resistance. Evaluating the
structure quantitatively, when the area ratio of
steadite is not less than aboﬁt 5%, its effect is

conspicuous, and when this area ratio is not less than
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- 8- Fig. 2 is a schematic view show ng an enmer gency
stop device system of the present invention for el evat ors; .
Fig. 3is a partly cross-sectional V|em10f qu energency stop device
taken along the line III-III of Fig. 4is a

o 5 05 a par Ty b cioh Trew Shost ngé%%é% 8 9ehernbly orpntenneigumly
stop devi ce; Nekt 9 tife | fn A ERAK 30 SEOWLLEL LS BLALT ON

described. Results described blow were obtained when
changing the content of Cr while fixing the composition
5 of the ofher elements, as described above for the above
results. The composition range of studied materials is
shown in Table 5. Test conditions are the same as shown
in Table 4.
Table 5 Composition Range of studied Materials

shown in Fig. 8

Element. C Si Mn
wt.$ 3.43.6 1.4%1.6 0.5%0.7
P Ni Cr . Fe
0.5%0.7 1.01.2 0~3.0 balance

As described above, when Cr is added,

10 " ceméntite is precipitated. However, where steadite has
been precipitated as a fesult of addition of P,

cementite is precipitated also as one constituting part
of the steadite. Therefore, the effect achieved by the
addition of Cr can not be evaluated by the precipitation

15 Therefore, when P is added, it

of the single cementite.
is necessary to study the effect of Cr in combination
with P on the friction coefficient and wear resistance.

Fig. 8 shows the relation between the content

—_
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bet ween the P content of the brake menber of the . i nventi on and a

relative nean friction coefficient, as wel |l as the relation between
this content and a relative 15 wear rate; Fig. 7is a
di agram showi ng the rel ation bet weel 4@ &rea ratio of steadite in a

i di f the, brake nmenber of the. inventi d.arelati
rean 0 Tt R dodt [Ah FRACING AR (T LRT HOREE BRLARE p0RS hi <

o on, 1D Y 1% B e typen i, s o e S AEI B

of the wear rate. The mean friction coefficient increases with
the increase of the P + Cr.content, and reaches a

5 generally constant value when this content exceeds about
2.0 wt.%. The Qear rate decreases with the increase of
the P + Cr content, and reaches a generally constant
value when this content exceeds about 2.0 wt.$%.
Generally, when the Cr content is more than 3.0 wt.%,

10 the machineability of the brake member is deteriorated.
The effect of Cr is more conspicuous in wear resistance
than in friction coefficient. Namely, if Cr is added
together with P, a greater effect is achieved by the
improved mean friction coefficient and wear reéistance,

15 and particularly a greater effect of improving the wear
resistance is obtained. The effect is conspicuous when
the P + Cr content is not less than about 1.5 wt.%, and
the effect reaches a constant level when this content is
not less than about 2.0 wt.%. In view of the-

20 machineability, a practical range of the P + Cr content
is up to about 5 wt.%.

Next, the influence of C will now be
described. All of the materials, used in the above
study of P and Cr, contain 3.4~3.6 wt.% C, and have

25 graphite precipitated therein. The area ratio of
graphite in these materials is 8.4~10.5%, and about 9.6%
on the average. In order to confirm the effect of

graphite, similar tests were conducted with tool carbon
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I nvention and a relative nean friction coefficient, as wel | as the
relati on between this content and a relative 25 wear rate;

Fig. 9 is a diagramshow ng the relation_ 2 between the ratio of an
steadite area plus an cenentite area té a graphite area and a relative

el oL en, 357k TR (B (i, g Lover © conflme analgeTlcl et
smaller area ratio of graphite.

Aé a result, it was found that the friction
coefficient was not stable though it was high, and there

5 was a large difference between the measurements in the
ﬁests. In some cases, the material was locked.relative
to a material of SS400 simulating the guide rail, and
was stopped at an abrupt deceleration. Furthermoré, the
wear rate was markedly increased. 1In view of the fact

10 that the emergency stop device plays the role of a

. safety device, the material inferior in_reliability can

not be used. From these results, it is thought that an
unstable friction coefficient and a high wear rate of
the carbon steel are attributable to the fact that the

15 graphite phase is extremely small in the structure, and
it is thought that the existence of the graphite phase
for stabilizing the friction coefficient is
indispensable for the brake member. Si is effective as
an additive element for promoting the formation of C

20 into graphite, and it is preferred that 1.4~1.6 wt.% Si
be added for prémoting the formation of the graphite.

In order that the brake member can have such
characteristics that a high friction coefficient and a
high wear resistance are compatible with a stable

25 friction coefficient and a high reliability, we have
directed our attention to the ratio of the structure,
offering a sliding resistance, to the structure,

offering lubrication, in the material for the brake

[ MHWAD
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and a relative wear rate,; Fig. 10 is a perspective view of

one exanpl e of brake nenber of the invention; 5 Fig. 11
i1s a front-el evational view showi ng a 2Eortion of a sliding surface of
t he brake nenber of Fig. 10; - - Fig. 12 is an enl arged,

Ccross-sectional of__a_porti he r ake nmenher taken al ong the
line 10 .XII-?PPbﬁf F|Eh91ffe Prarid’o éﬁ? lﬁr{hﬁ-elevationa
Vi ew Show N9 acementA¥e k) i Grphdicdd ﬁurtfhae%a%o%mgé i drgke menber

of the invention;
mentioned above was analyzed, and the characteristics

were expressed in terms of the ratio of (the steadite
5 area + the cementite area) to the graphite area.
Results thereof are shown in Fig. 9. The ratio of (the
~ steadite area + the cementite area) to the graphite area
will hereinéfter be represented by "SR". The mean
friction coefficient increases with the increase of SR,
10 and particularly increases markedly when SR is not less
than about 0.5. The wear rate decreases with the
increase of SR, and reaches a generaliy constant value
Qhen SR is about 1.0%. |
Namely, when the ratio SR of (the steadite
15 area + the cementite area) to the.graphite area is not
less than about 0.5, the_gharacteristics are stable, and
also a high friction coefficient and a high wear rate
- can be obtained.
l Next, the influence of Ni will now be
20 described. When Ni is added, the pearlite in the
structure is made fine, and the overall strength is-
increased, and the wear resistance is improved.
However, when the amount of addition of Ni is so
increased that bainite is precipitéted in the base, the
25 effect becomes adverse. Namely, when bainite is
precipitated in the base, the friction coefficient and
the wear resistance are lowered. Particularly, the wear

resistance is lowered markedly. Therefore, the
-
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Fig. 14 is an enlarged, cross-sectional view 15 of a portion of the brake

menber of Fig. 13 taken al ong the line XIV-XIV of Fig. 13;
Fig. 15 is a front-el evational vieM/srmwwimb _ portion of a sliding
surface of another nodified brake menber of the invention;

20
Cr asocy sron BESEIRELANEN SecOMMALLETRuer pelElTSRNS SN BNy
the relation ¢hebghdeRe bPeniabhBu®l BeSPhi Bfel PhAgePok0125byaking,
energy E and a relative nmean friction coefficient;
and more preferably in the range of 2~4 wt.$%.
In view of the above findings, in orxder that
5 the brake member can have stable characteristics, and .
can have a high'friction coefficient and a high wear
resistance, the structure of the material preferably
contains a graphite phase, a steadite phase, a cementite
phase and a pearlite phase. The above results are
10 obtained not only when the material for the guide rail
is SS400 but also when this material is low carbon
steel.

The shape of the brake member whose material

was determined based on the above findings will now be
15 described.

Fig. 10 shows the appearance of the brake
member 9 of the emergency stop device which member is
made of the abo&e materials. As shown in Fig. 10, the
brake member 9 has a wedge-shape, and a plurality of

20 grooves are formed in its sliding surface 9a disposed in
opposed ielation to the guide rail 3. Guide grooves 9b
are formed in each of opposite.side surfaces of the
brake member 9, and these guide grooves 9b guide the
movement of the brake member 9 when the brake member 9

25 is pulled upwardly in facing relation to the guide rail
3.

Details of the sliding surface 9a will now be

described with reference to Figs. 11 and 12. Fig. 11 is

—
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25 Fig. 17 is a diagram show ng a conparison . bet ween t he
conventional energency stop device and the device of the invention
with respect to the relation bet ween Ege ratio of the weight Wof the
device to the = - -10- Br aki ng ener gy

Eand a relati ye ean LOLCLL 0001 1508/ ChEWANY a portion of tnd10 18152

sliding surface 9a of the brake member 9, and Fig. 12 is
an enlarged, cross-sectional view of a portion of the
brake member taken along the line XII-XII of Fig. 1l1.

5 'In the brake member 9, two groups of grooves 30 of a V-
shaped cross-section (hereinafter referred to as "V-'
shaped grooves") are provided-respectively at an angle
of 45° and an angle of 135° with respect to the sliding
direction, so that the two groups of grooves

10 perpendicularly intersect each other. As a result, the
sliding surface 9a is divided by the V-shaped grooves
into a plurality of sections of a square shape. In this
empodiment, the case where the.angle o of the V-shaped
groove 30 is 90°, as well as the case wherein the angle o

15 is 60°, has been studied, and both éngles are favorably
effective in removing powder (hereinafter referred to as
"abrasion powder"), produced as a result of abrasion,
from the V-shaped grooves. 1In the case of the V-shaped
grooves, the formation of the grooves is easy, and since

20 the cross-sectional shape of_the square section is
trapezoidal, this configuration has the effect of
sufficiently withstanding a shearing force.

A modified brake member is shown in Figs. 13
and 14. Fig. 13 is a front-elevational view showing a

25 portion of a sliding surface 9& of the brake member 9,
and Fig. 14 is an enlarged, cross-sectional view of a
portion of the brake member taken along the line XIV-XIV

of Fig. 13. 1In this brake member, two groups of grooves
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preferred enbodi nent of the invention in which two sets 5 of energency

. Stop devices are provided on an el evator; Fig. 19 is a
cross-sectional view taken al ong the I7ng XI X-XI X of Fig. 18.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS ™ One preferred

enbodi ment of t4ie (¥ E‘éeéﬁz%eﬂa%gif"se&ﬁéfé‘ &&ésl‘é’%wfm?efﬁékggg g”tn%

reference to Fig. 1 ?IC Vi ew

show ng a Movi N terreddd Il Aailld! F¥G50Ls P i deg-yiiheane breferred

enbodi ment of energency stop de ces O e present
respectively at an angle of 45° and an angle of 135° with

respect to the sliding direction, so that the two groups

5 of grooves perpendicularly intersect each other. As a
result, the sliding surface 9c is divided by the square
grooves into a plurality of sections of a square shape.
The square groove has a larger volume, and therefore can
receive a larger amount of abrasion powder.

10 Another modified brake member will be
described with reference to Fig. 15. Fig. 15 is a
front-elevational view showing a portion of a sliding
surface 9d of the brake member 9. In this brake member,
three groups of square grooves are provided respectively

15 at three different angles, that ‘is, 60°, 90° and 120°, and
the sliding surface 9d is divided by these square
grooves into a plurality of sections of a triangular
shape. Since the sliding surface 9d is thus divided
into the triangular sections, the three groups of square

20 grooves intersect, so that the abrasion powder can be
removed easily.

The role of the grooves formed in the sliding
surface of the brake member, as well as the effect and
role of the divided sliding surface, will now'be

25 described.

The plurality of grooves formed in the sliding
surface rapidly remove the abrasion powder from the

sliding surface, and prevent the abrasion powder or
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15 invention.- The noving portion of the el evator conprises a cage 2

novabl e al ong an el evator path for .carrying passengers, a plurality of
mai n ropes 4 connecting the cage 2 toéégdrive system nounted within a
machi ne room and emer gency stop devi 71 for safely stopping the 20

ot ol A ST SR e RS
TS S ) SRR TRTIGRR0R RHFHE LA
i nterposed, anqGHd1&RAKE P BE"Sel Poifs CPENSGh§8cted to an uneven
contact, the surface pressure of the contacted portion
5 (that is, one section) of the divided sliding surface
becomes ektremely high, and therefore this section is
worn soon, thus eliminating the uneven contact, thereby
preventing an abrasive wear.
Characteristics of the emergency stop device
10 provided with the brake members produced based on the
above findings will now be described.
Depending on the rated speed of the elevator
(to which the emergency stop devices are to be mounted)
and the weight of the cage, that is, thé energy (unit:
15 joule) to be braked by the emergency stop devices, the
specification of the resilient member 'is determined, and
the overall weight (unit: kg) of the device is |
determined. Therefore, where the conventional device is
used, naturally, the larger the braking energy
20 (hereinafter represented by E) is, the larger the force
(hereinafter represented by P) of the resilient member
for pressing the brake members against the guide rail
needs to be, and as a result the weight (hereinafter
represented by W) of the emergency stop devices
25 increases.
However, when the emergency stop device of
this embodiment is used, the pressing force P can be

efficiently converted into the braking force since the

———
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by rods 8 to a governor system (nore fully described | ater) for
detecting the speed of the cage 2. In Fig. 1, tn order to

mai nly explain the position of mounting _ 99 of the emergency stop devi ces,
t hose devices of the el evator not directly related to the invention,

such as 2 £f4Q0t iR R £IcATNRY o#e el braKelinentd id Nigh | Vignd S
system and.those portions associated with the governor,
furthermore because of an excellent wear resistance, the
sliding surface of the brake member is subjected to less
wéar, so that the pressing force P is less lowered.

5 Therefore, a large braking force E can be accommodated -
with a smaller pressing force P by the use of the
emergency stops devices of a smaller weight. A
comparison in braking ability between the conventional
device, using FC250 for the brake member, and the device

10 of this embodiment will now-be described with reference
to Figs. 16 and 17.

Fig. 16 shows the relation between the ratio

P/E of the pressing force P to the bréking energy E and
a relative friction coefficient. P/E can be greatly

15 lowered in the emergency stop device of this embodiment,
as compared with the conventional device. Namely, in
this embodiment, when the weight of the cage assumes two
kinds of values with the speed kept constant, the P/E
value is 0.013 (kg/J) and 0.009 (kg/J), and thus it

20 becomes possible to achieve the value of not more than
0.015 (kg/J) calculated based on the proper pressing
force estimated from the proper weight of the cage. On
the other hand, in the conventional device, the obtained
value of P/E is 0.036 (kg/J).

25 Fig. 17 shows the relation between the ratio
W/E of the weight W of the emergency stop devices to the
braking energy E and a relative friction coefficient.

W/E can be greatly lowered in the emergency stop device

—
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are not illustrated. In order to explain the operating

condi tion of the emergency stop devices 1, the construction of the
emergency stop device systemis schemati cal ky shown in 10 Fig. 2. The
energency stop device system conprises a governor 5 nmounted within the

machi ne room 500%f thie embod2hf#A! Olas %cﬁ@%ﬁfét?rwiﬂpet@ef@én&éﬁﬂfgh{a%g”g

t he speed of the cage 2 to the governor 5, links 7 connecting

governor rope 6dewritee Caamedy,Atthed UbtdihddGfathe 16 GpPeLh i gt he 11 nks
7 to the emergency stop devices 1. Fig. 3 is a schemtic,

partly cross-secbneealtional desMic®f ifshe .QUUIENRGAT PP &e¥ise dhé akeResl ong
the fine hand, ﬁhen the weight assumes two kinds of values, the
5 W/E value is 0.00015 (kg/J) and 0.00009 (kg/J), and thus
it becomes possible to achieve the value of not more
than 0.00015 (kg/J) calculated based on the proper
weight of the emergency stop devicés estimated from the
proper weight of the cage.
10 A further embodiment of the present invention
will now be described with reference to Figs. 18 and 19.
Fig. 18 is a schematic view showing the
construction of an elevator provided with modified
emergency stop devices of the present invention. In
15 Fig. 18, emergency stop devices 1 are mounted on the
underside of the elevator, and emergency stop devices 1’
are mounted on the top of the elevator. Fig. 19 is a
cross-sectional view taken along the line XIX-XIX of
Fig. 18. 1In Fig. 19, the reference numeral 9 denotes
20 brake members (hereinafter referred to as "lower brake
members") for the emergency stop devices 1, and the
reference numeral 9’ denotes brake members (hereinafter
referred to as "upper brake member"s) for the emergency
stop devices 1‘. Resilient members, as shown as the U-
25 shaped springs in Figs. 3 and 4, are shown in Fig. 19 as
simple springs 13 for illustration purposes.
In this embodiment, the material, described in

the first embodiment and having a structure including a
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[11-111 of Fig. 2. In Fig. 3, the energency stop device 1is shown in
cross-section at a right half of the guide 20 rail 3, and is shown in

front elevation at a left half of the _guide rail 3. The enmergency stop
device 1 conprises the two brake nefb ™ having the guide rai

3 di sposed therebetmeen U|de rol 0 for u I din vene t

the brake menbefeaRii 1'g‘fu 4599 @ + g RRas ftan‘égﬂg?g‘qﬁ Bgéﬁ

SuPport 19, L1° SYLEPEIL R, ord %édlf%ésﬁ%“%ﬁze%l eAhCRehHSLS
agai nst the gu'él’i‘dré}&é Wopér '520%e MemBOLL €57 Pl 84852 1Pesult, it has

been clearly found that the braking force is increased

5 +to enable applying the emergency stop devices to an
elevator having a greater rated speed and a greater
load. 1In this case, if, instead of operating the upper
and lower brake members simultaneously, the lower brake
members are operated after the upper brake members are

10 operated, a smooth deceleration can be obtained. If the
upper brake members and the lowér brake mémbers are made
of different materials, respectively; the friction
coefficient can be controlled over a wide range, and the
optimum braking force can be obtained in accordance with

15 the speed of movement of the elevator and the load.
Table 6 shows combinations of the emergency stop devices
with the brake members made of FC250 and the emergency
stop devices with the brake members made of the material
having a structure including a graphite phase, a

20 steadite phase, a cementite phase and a pearlite phase.
The rated speed is a speed during the normal operation,
and is different from the speed at which the emergency

stop devices are operated.



-12- each di sposed on the side of the corresponding rollers 10,
and fixing bolts 16 which nount the guide support menbers 12 on the
frame 14, and guide the resilient neggpr 13. Each of the fixing bolts
16 is mounted on 5 the frame 14 through & spring 17 and a nut 18.

The conposition and structure of the brake menber 9, as well as the
wei ght and shape of the

Q Gt
HHl ~0|o
E""“N
Bl uglo
o 00| &
s El p>
el Qe
] = A
n
s
o
o
8
xt (] U=t Yt
g | °ul %
= | 58|38 =3
b IR R
4 gl 4l s
= 02 od| 00
¢ | BT REl&E
I I = |
o
v}
(U -
3
“ o o g
o
0 ‘u H ""
g |3 |8 2
0 =
o
i
m
5
a |79
5
© le |5 | &
o]
w0 '8 o] H
o |49
= e
[}
£t
&
o
o]
s
g |« | m
:é{
0
(3]

—_—
This Sheet Has

(i Illlll i



energency stop device, will be described |later in detail. A U shaped
spring is used as the resilient 10 menber 13. In the emergency stop device
of the present i nvention, the shape 9f3§h§ spring is not limted, and
other types of springs than the U shaped spring, such as a belleville

spring and a coil spring ggn¢he Ysgdhinat B Table &,
fragnentary cross-sectional v?ew 151ngfl?ﬁe e#grgghcy st'op éiV|ceqﬁﬂ&¥

along the line EVodeevz.cle offl Qhe3pereE*tgln4entt|1%nr ag-eB nicdﬁrnt@di ldh& e
br ake menbers 9 upwardly when the energency stop device I's

operated i s shouppeg pbessionewhids. theSenpRgenRyakeod dencelss witihaged to
the pull-up rod 8, and the brake nenbers
brake members made of FC 250 are mounted on the lower
5 portion. The upper emergency stop devices with the
brake members, made of the material of the.present
invention having such a structure that the friction
coefficient is higher than that of FC250 at high
temperatures, slide oﬂ the guide rails which are
10 elevated in temperature by the frictional heat produced
by the braking operation of the lower emergency stop
devices. With this arrangement, a more effective
braking can be obtained.
Although FC250 is used as.the material for the
15 brake members of fhe lower devices, this material is not
limited to FC250 in so far as the friction coefficient
and the wear rate are acceptable, and FCD400 or FCD700
may be used.
.By combining the materials for the brake
20 memberé of the emergency stop devices of the elevator as
shown in Table 6, there can be provided the typé of
elevator in which the braking force is optimum and
stable.
Next, the operation and role of the mechanism
25 mounting two sets of emergency stop devices will now be
described.
First, the manner of numbeiing the emergency
stop devices will be described in the following. The

—_—
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20 9 are supported on the support plate 8 so as to nove I nto and out
of contact with the guide rail 3. The brake nmenber 9 is urged agai nst
the rollers 10 by a spring (not shown). The resilient nenber 13 is
fixed to the frame 14 by fixing bokt 84(rot. shown). 25 The
operation nechani smof the enmergency stop device 1 will now be
descri bed wit lcags evkrdee teldianr is g@ids] by agulide FaglsSwhich vi ew
expl anat ory of movenments of the relevant parts during the operation of
define the elevator path and are provided respectively
on opposed walls of the elevator path. Therefore, in
order that the emergency stop device will not tilt the
5 cage during the operation for abrupt stop of the cage,
two emergency stop devices are provided for each of tﬁe
~ two guide rails, rgspectively, and are disposed at the
same level. Namely, the braking operation will never be
effected by only one emergency stop device, but at least
10 two emergency stop devices are always used as a unit.
Therefore, when referring to one set of emergency stop
devices, two emergency stop devices are mounted on the
cage of the elevator.
The braking force of the emergency stop
15 devices depends on the force for pressing the brake
members, the number of the brake members, the friction
coefficient of each brake member, the spring constant of
the resilient member for pressing the brake members, and
the wear resistance of the brake members. Therefore, by
20 providing two sets of emergency.stop devices in which
materials different in friction coefficient are used for
their brake members, the braking force can be adjusted
finely, which can not be achieved when ﬁsing the same
material for the brake members.
25 By using the emergency stop device of the
present invention, the mean friction coefficient about

1.471.5 times larger than that of the conventional

device, as well as the wear resistance about 9710 times

is Sheet Has Been Replaced
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- 13 - t he enmergency stop device

1. - Expl anation will now be nade first with

reference to Figs. 2 and 5. Wen the cage-23%lrops at a speed

hi gher than a predeterm ned speed, the nunber of 5 revolution of the
governor 5 excetdsgerpthdat ehatned the conveheiehalsdekwliale,aramcer! eration
detector (not shown) provi ded therein operates to stop the
governor 5. As eonstantly obsalhed)hendotbeerievhtbire cgovdenatoppesd 6 is
al so st opped; however, since the cage 2 continues to drop,

with the pres51ng springs of a smaller size.
Furthermore, since the wear amount is about 1/10 as

5 compared with the prior art device, the spring constant
of'the spring to be used can be small, and therefore the
spring having a small displacement amount can be used.

Therefore, despite the increased braking

energy, the weight of the emergency stop device does not

10 need to be much increased. As a result, the diameter of
the main rope does not need to be increased, and the
power of the drive motor does not need to be increased,
and the number of passengers to be carried by the cage
can be increased, and the energy to be consumed can be

15 saved. Furthermore, the reliability of the emergency
stop device is high, and the safety of the passengers is

ensured.

iy



10 the links 7 are pulled upwardly relative to the govern

and the rods 8 connected to the links 7 are al so ed mardly

As a result, the brake menbers 9 supgocted o I""&m' ﬂ te. 8

connected to the rod 8 are pulled upwardly.

Next, expl anati ofRLMIME now be made with reference to Flgs 3 and

4. VWen each rod 8 is pulled upwardly, the brake nenbers 9 nove

upward whil e gui ged In an efergencyr stibmrdetiee gfiodeelévatbes t he

br ake menber 9 noves upward a predeterm ned distance relative

20 to the frane édmprheingt brake membexs rjspsestnin hepposed relpsipnoto

brake nenbers 9 decreases since the pair of
a guide rail mounted on a wall of an elevator path, and
a resilient member for pressing said brake members
against said guide rail when the speed of a cagé of said
elevator exceeds a predetermined speed;

the improvement wherein a ratio of a maximum
force (kg), produced by said resilient member for
pressing said brake members against said guide rail, to
a braking energy (J) required per set of said emergency
stop devices for stopping said cage at an average
deceleration of not more than 9.8 m/s? is not more than
0.015 kg/J.
2. In an emergency stop device for elevators
comprising brake members disposed in opposed relation to
a guide rail mounted on a wall of an elevator path, and
a resilient member for pressing said brake members
against said guide rail when the speed of a cage of said
elevator exceeds a predetermined speed;
the improvement wherein a ratio of the weight

(kg) of a set of said emergency stop devices to a
braking energy (J) required per set of said emergency
stop devices for stopping said cage at an average
deceleration of not more than 9.8 m/s? is not more than
0.00015 kg/J. |

3. In an emergency stop device for elevators

comprising brake members disposed in opposed relation to .

_
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gui des 11, disposed in opposed relation.to the
tapered, and as a result the pair of brake I ﬂu Il E"uﬂought
into contact with the guide rail 25 3. Wen the nbers 9

further nove upward, a force of prekking of the brake: nenbers
agai nst the guide rail 3 is produced, and ai t he sane a
reaction force RsIpt8guEa&L @8“9ﬁ§9 PRed| Wgdlopt an elevator path and

- 14 -
a resilient member for pressing said brake members

against said guide rail when' the speed of a cage of said
elevator exceeds a predetermined speed;
the improvement wherein a metallic structure
of a sliding surface of said brake member contains a
graphite phase, a steadite phase, a cementite phase and
a pearlite phase.
4. " An emergency stop device according to claim 3,
in which a ratio of an area of said steadite phase plus
an area of said cementite phase to an area of said
graphite phase is not less than 0.5.
5. In an emergency stop device for elevators
comprising brake members disposed in opposed relation to
a guide rail mounted on a wall of an elevator path, and
a resilient member for pressing said brake members
against said guide rail when the speed of a cage of said
" elevator exceeds a predetermined speed;
the improvement wherein a metallic structure
of a sliding surface of said brake member contains a
steadite phase whose area fatio is not less than 5%.
6. In an emergency stop device for elevators
comprising brake members disposed in opposed relation to
a guide rail mounted on a wall 6f an elevator path, and
a resilient member for pressing said brake members
against said guide rail when the speed of a cage of said
elevator exceeds a predetermined speed;

the improvement wherein said brake member is
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gui de support nenbers 12, thereby prog§0|ng a- pr

the U-shaped resilient nenber 13 are urged away fron1
predeterm ned di stance through the rollers 10, ﬂ | !ﬂ
for
3

pressi ng 5 the brake nenbers 9 against the guide rai

result, a |argem£aéCBE02ﬁ| EBBCSHLBXPE:B%%%JE%I wean Jihg 'c and %Qelésag' 3
ﬁ pi ng the cage 2.

and each br ake nenber

ereb

Contents and regﬁgﬁspog §£udypof the 10 conposition and structure of the

br ake nenber
detail .

9 used in this enmbodiment will now be described below in
7. In an emergency stop device for elevators

comprising brake members disposed in opposed relation to
" a guide rail mounted on a wall of an elevator path, and
a resilient member for pressing said brake members
against said guide rail when the speed of a cage of said
elevator exceeds a predetermined speed;
the improvement wherein said brake member is
made of an iron alloy containing 34 wt.% C, not less
than 0.5 wt.% P, and not less than 2.0 wt.% of P plus
Cr.
8. An emergency stop device according to any one
of claims 1 to 7, in which the sliding surface of said
brake member is divided into a plurality of sections.
9. An emergency stop device according to'any one
of claims 1 to 7, in which the sliding surface of said
brake member is divided into a plurality of sections by
two groups of grooves intersecting each other, said two
group of grooves being disposed respectively at
different angles with respect to a direction of sliding
of said brake member.
10. An elevator comprising a cage, a drive device
for moving said cage upward and downward, and emergency
stop devices of any one of claims 1 to 9 operable when
.the speed of said cage exceeds a predetermined speed.
11. An elevator comprising a cage, a drive device

for moving said cage upward and downward, and emergency

U
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For simul ating t he droppi ng condition of the ele
conducted.tests in which a disk of -l ow car bon stﬁmmm ﬂﬁ“‘ﬁ“‘
which was a material for 15 the guide rai B® was rot c agh e

pi ns, made of materials used for the brake nmenber, was pressed into
sl i di ng cont act sWoph detvd eag fapsradile (whenlithe speed of spidl 6aERg t he
operating condition of the energency stop devi ce, the_disk was

decel erated at &X66fSkSat RRRdeteraHineh spesst eiaid nFREE POt 82i8nal speed
until the di sk was stopped., The friction coefficient of the disk and
t he " pi n . duFMEFICRAY (SHRP WEY LRSSy RaE PGl YREY 1 cPRERGMOUNteHePReen

the speed and the frictioq_coefficient was .
upper and lower portions of said elevator and at least

one set of said emergency stop devices comprising
emergency stop device as claimed in any one of claims 1

to 9.

12, An emergency stop device for elevators
substantially as herein described with reference to
and as shown in Figures 1-17 or 18, 19 of the

accompanying drawings.

-_
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found, and further a nean friction coefficient an Fso 'E¢a5 raignmere ~otract
cal cul ated, thereby evaluating the materi al s.{ Conditions of the test

are shown in Table 1 bel ow. THe nean friction

coefficient .[err]av is deterf®nzd i r_the fOollow ng MRNN e e
The friction ff| I en rr epends on a slidin anenent speed

lerr], and  ABST THtE b5chodthE J P

Emergency stop devices 1 for elevators are
provided at a lower portion of a cage 2, and each of the
emergency stop devices is provided with brake members 9
which are adapted to be pressed into sliding contact
with a guide rail 3. A material of which the brake
member is made is high in friction coefficient, and is
stable, and is excellent in wear resistance, and
contains a cementite phase, a steadite phase, a graphite
phase and a pearlite phase. A ratio of an area of the
steadife phase plus an area of the cementite phase to an

area of the graphite phase is not less than 0.5.

\\
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therefore it can be expressed by an equation [err] = [err](v). The
speed v varies with tine. If the distance of 5 sliding novenent is
represented by L, L can be expressed by an equation L = [err]v(t)dt,
and therefore the nmean friction coefficient [err]Jav can be expressed
by an equati on [errlav = [err][err](v)dv/L. The wear

rate WR is expressed by an equation 10;j yR = W/ (P x L) where W
represents a wear anmount, P (= I(x%y | iding area) represents a surface

pressure, and L represents a sliding distance.
Tabl e 1 Test Conditions

LR T T T T T D

L T T Iy r T T T TT TN
L2 22 YT

YL Z I T T T T2 T I T TTT
PLL IR Z T Z T T XX TTT TN
T XX RXIT T T T TR IYYIFa

y

%(u’\s //-\’2

)

3~
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Vierr]: Initial velocity 8[err]15 m's g: Average

decel eration 9.8 nis[err] P. Surface pressure

4[err] 10 kg/ merr] The above studied materials will now
be described. First, various kinds of elenments were added 15 to
FC250 (serving as a base) used in the conventional devi ce, and various
ki nds of cast irons were prepared fromthese materials, and changes in
structure, neans friction coeffighgpf and wear rate were exanined. The

conposition range of the studied materifals is shown in

naon .
~ q U 4 N
e
6 |7
H—8
~8
()
gl L
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20 Table 2. T 16 - ) Table 2

Corrp05|t|on Range of studied Materials El enent C Si
Mh . % 3.2[err]3.6 14[err]35 0.5[err]0.7
P N| Cr O[err]1.6
O[err]4.0 O[err]3.0 bal an /”
FIG 3
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/ 8
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The above results were obtained by chemcally anal yzi ng sanpl es taken

at the tinme of casting, and show the conposition range of the whol e of
t he brake nenber. The effects of C, Si, Ni, C and P anong the above
5 elenents will be described further. Cis present as
graphite, and serves as a | ubricating conponent. Si and NI have the

ef fect of formng Cinto graphite i al so has the effect of
strengthening pearlite. P forns steadifﬁ%&ﬂa' has the 10 effect of
precipitating cenentite and steadite. serves to renove oxygen from

cast iron, and has

FIG 5

“"“‘\\“\“‘\...\

>
.0
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extensively been used as an additive el ement for cast I ron.

The structure of the cast iron having the 15 above conposition wll now be

descri bed. FC250 has a structure in which flake graphite is

precipitated in the pearlite base. Wien P is added to FC250, steadite

of a t hr ee- conponent eutectic structure represented by Fe[err]P-

Fe[err]C-Fe is precipitated. Wen C is fgr/ﬂer added,

FIG 6
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-17- cenentite (carbide of iron) re‘pres'ént ed by Fe[err]Cis

precipitated, and also the amount of precipitation of the steadite
increases. Wth respect to a pearlite phase of a two-conmponent
(Fe[err]C and ferrite) eutectic 53tr re in which layers of Fe[err]C
and ferrite are alternately arrang /J fMhen Ni is added, the pearlite
phase is nmade finer. Further, when this elfenent is added in a larger
amount of up to about 4% the phase is changed into a hard structure
called bainite. 10 The opeF-aii@ ané rol e which the above
1.5
E = \
Z 1|44 @ 5
O / gz
SE S 0
=8 & 1.2 i _§J
w_ 0 o5 % &
25 2 1.1 ° - W =
jt; = \ > 3
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v T f 1]
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structure perforns to serve as the brake nenber will now be descri bed.
The graphite phase present in the sliding surface serves as a

| ubricating conponent, and prevents 15 seizure between the guide rail and
t he brake nenber. The steadite phase,ifs a hard phase, and serves to

i ncrease the friction coefficient and algélfﬁ I ncrease t he wear

resi stance. The cenentite phase is also a‘ard phase, and al so serves

to increase the friction 20 coefficient and to increase the wear

resi stance. As conpared with the e: a 'teégzase, t he cenentite phase

IS | ess lowered in hardness at el evat'ed®te ratures, and

N
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when changi ng
the conposition of the

18

FIG 13

bed.

L

FIG. 15
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t herefore when the tenperature of the slidfﬁg surface
the friction coefficient and the wear 25 resistance are | ess | owered.

Results of the study will now be descri
Pwll first be described. The re

becomes hi gh

The i nfl uence of

descri bed bel ow wer e obt ai ned
the content of P while fixing

FIG 14
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ot her elenments. Incidentally,

fixing the conposition of the other
5 difference between test pieces. Including variations

there were a little

of the ot her el enents,
conditions were the sane in all

Tabl e 4.
shown in Fig. 6

t he conposi

al t hough the 'r'rﬁt'eri al s were prepared while

el enments; an analysis indicated that

t(_? is shown in Table 3. Test

cases. ] est conditions are shown in
Tabl e 3 Conposition Range of studied Materials
El enent C Si Mh
FIG 1|6
005
= 004+ OCONVENTIONAL DEVICE
E” 0.034
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&' 002 INVENTION
& 00I- 2
_“ T T T
1.0 .2 1.4 1.6
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FIG 17
(X109
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Wt . % "3.4[err]3.6 1.4[err] 1.6 :(-).'S[err'jo.7 P

Ni Cr Fe O[err]1.6 1.0[err]l1l.2
2.0ferr] 2.2, bal ance Tabl e 4 Test Conditions
Vierr]: Initial velocity 11[err]12 m's g: Average
decel eration 9.5[err]10.5 ms[err] }O T P. Surface pressure
5(err]7 kg/ mferr]
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- 19 -7 Fig. 6 shows the relation between the content - of
P and a nmean friction coefficient, as well as the rel ati on between
this content and a wear rate. The mean friction coefficient and the
wear rate are a relative 5 mean frictiqn coefficient and a rel ative wear
rate,. respectively, which are obt 18Hd by converting theminto
respective relative values, using the valiues of FC250 as a reference
value (1.0). The nean friction coefficient i ncreases with the increase

of the addition anount of P,

FI1G 19
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BACRGROUND OF THE INVENTION

This invention relates generally to an
elevator, and more particularly to a highly-reliable
emergency stop device for high-speed elevators which

5' device operates when the speed of movement 6f the
elevator exceeds a predetermined speed, and also relates
to a high-speed elevator equipped with such emergency
stop devices.

It is essential for an elevator to have a

10. emergency stop device which stops an elevator cage at

such an average decelération inot more than 9.8 m/S?

| according to the standard of Japan Elevator Association)
as not to injure passengers when the cage drops, for
example, as a result of the cutting of drive ropes.

15 A conventional emergency stop device comprises
two brake members having their sliding surfaces disposed
in opposed relat;onlto opposite sides of a guide rail,
respectively. When the speed of a cage exceeds a
predetermined speéd, the two brake members are pressed .

20 respectively against the opposite sides of the gquide

rail by a resilient force of a resilient member, thereby

producing a braking force. With the advent of
multistory buildings, elevators have been of a high-
speed design and a iong-stroke design. When the

25 elevator has such a high-speed and long-stroke design,




fi )
aé EMENJE$EEEB between this area ratio and the wear rate. The
ajea ratio of stepdjte was determ ned such that 15 phot ographs of the
siructQun AR 1997e | 2b material were taken, and then the steadite portions
r traced, d then the area and the area ratio were found by
t he use o a pi rie processing device (LUSBX-II) - -(nanufactured by
N RECO K.K.). The ea ratio neans a

1
N
O

the speed of movement and the braklng dlstance increase
at the time of emergency stop, and this arouses a new
proclem that the energy to be braked by the emergency
.stop devices increases greatly.

5 - In the conventional construction, to deal with
such increased braking energy, the force of pressing-of
the brake members agaiﬁst the guide rail must be
increased, and therefore the resilient member must be of
a larger size, which results in an increased weight of

10 the emergency stop device. The increased weight of the
emergency stop device leads to the increase of the
weight of the cage, and therefore the power of a drive
source for driving the elevator must be increased.

. Moreover, because of the increased weight of the cage,

15 the number of roées must be increased, and the diameter
of these ropes must be increased. Disadvantageously,
this further increases the weight. Therefore, for
dealing with the higher speed and the longer stroke of
the elevator, the method of pressing the brake members

20 with an increased force ie not proper, and instead it is
necessary to enhance sliding properties of the brake
members, that is, to increase a friction coefficient and
to improve wear resistance. |

A brake member is required to have the

25 following sliding properties. 1In an emergency stop
device, there must be by all means avoided a situaﬁion
in which brake members seize on a rail to abruptly ctop

a cage, thus iﬁjuring passengers. Therefore, the brake



ME) :
NETSQEEE steadite in the range in which the pi cture

ra **w
proc SS|ng was done. The nmean friction coefficient increases
w thi 0 1MAR99Cr e of the area ratio -of steadite, and abruptly 5
i ngr gases when th rea rati o of steadite exceeds about . 5% and
repche constant val ue when this area rati o exceeds about
694 _The wear rate ddcreases with the Tnéréase of the area ratio_of
steadite, and Ja/‘fngaches nqéaL constant val ue .when thi,s area ratio
10 exceeds about™@¥z=t *S réqut RPRYS, 2 b§eRbRFRgIBIE§®FEE50 used as a

lubricating propertles so that it will not seize and
lock relative to the rail. On the other hand, in ofder
to efficiently convert the pressing force into a braking

5 force for stopping a cage, it is necessary to provide a
stable high friction coefficient over a wide.speed range
from a high speed to a low speed. Furthermore, where
the resilient member for pressing the brake member
against the rail comprises a spring having a linear

10 spring constant, the pressing force decreases with the
increase of wear. Therefore, other properties that the
brake member requires is weaf resistance.

Generally, case iron has heretofore been used

for the brake member. For example, as disclosed in

15 Japanese Patent Publication No. 50-4175, flake graphite
cast iron, FC250 (Japanese Industrial Standard, that is,
JIS), and nodular graphite cast iron, FCD400 (JIS) have
been used. 1In these materials, graphite acts as a
'lubricating component, and therefore the locking of the

20 brake member relative to the rail does not occur, and
the friction coefficient is stable. However, although
FC250 and FCD400 are stable in friction coefficient,
they are low in friction'coefficient, and are inferior
in wear resistance. Therefore, when FC250 and FCD400

25 are to be used, the pressing force of the emergency stop
device must be increased, and therefore the weight of
the emergency stop device is increased; which results in

a problem that the weight of the cage is increased.
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%EP cE&ﬁ%Hh&HEEB entional brake nenber, the friction coefficient
he wear resisktance can be inproved greatly. When this addition

upht G $ MA® 199pss than 15 about 0.5 wt.% narked effects are obtai ned,

aqdi tion anount is not |less than about 0.7 wt.% the

enerally constant |evel” 4HGWever, when the apount of

ditian of P is nofe than w, % t he machi neability (cutting) for
the brake menber T35 20 dé&t g‘ﬁisopﬁﬁé‘d,?rmsﬁ‘i’ert@f a3 at“’i#ﬂ%f’é??%‘f‘gq hat
t he addi ti on

. a nt be in the ran%e f .7_éM.fV . - A
further study &€t f&iSEngcPFPRESEIffe Ot ¢ err%?@?ﬁ AL ng ¥%dded thereto
has indicated EQ%hpEQ? with respect to a method.of stabilizing a

friction coefficient while keeping-its value high,

5 Japanese Patent Publication No. 59-35819 clearly
discloses an emergency stop device in which an iron
material'having a good wear resistance is provided at an
upper portion of a sliding surface of a brake member
while a copper.materiél stable in friction coefficient

llO is provided at a lower portion of the sliding surface.

In this brake member, a iubricating component

indispensable for such a brake member has not been

studied, and has a problem with its reliability.

Although the use of the iroﬁ material and the copper

15 material in ;ombihation has been studied in order to
deal with a temperature rise of the sliding surface, the
efficiency of thermal conduction between the two
materials is low, and this is not effective in
preventiﬁg the fusion 6f that portion of the sliding

20 surface of the iron material. Furthermore, if the two
materials are not equal in wear resistance to each
other, the upper portion and the lower portion of the
brake member differ in amount of wear from each other,
so that an uneven contact of the sliding surface occurs,

25 which results in'a possibility that a proper braking
force is not produced.

As a method of increasing the stability of a

friction coefficient of a brake member at high
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ence of Cr will now be -
temperatures, there has been proposed a method of

coating a thin film of a heat-resistant material on a
sliding surface of the brake meﬁber, as'clearly '
disclosed in Japanese Patent Unexamined Publication No.
62-269875. .In this method, a study of a lubricating
component indispensable for the brake member has not
been made, and theré is a problem with the reliability.
And besides, after the thin film is ﬁorn out, the effect
of preventing the fusion of the sliding surface is
eliminated, thus causing a problem with the reliability.
Apart from elevators, various kinds of cast
irons have been used as friction materials for railway
vehicles. Various kinds of cast irons for friction
materials used in railway are described in Journal of
Japan Society of Lubrication Engineers entitled
*Lubrication” (Vol. 31,'No.'12 (1986), pages 845 to
850). The vaiious kinds of cast irons for railway
vehicles are used at a speed (20“3S'm/s), far higher
than the speed (several to 10 and sevefal m/s) of an
elevator, with a surface pressure (0.020.1 kg/hmz)
smaller than that (several to 10 kg/mm’) of the elevator.
The friction material for railway is repeatedly used for
a longer period of time whereas a brake member of an
emergency stop device fof an elevator needs only ﬁo be
so durable as tb be used'only once. Generally, slidipg
properties of the material depend on sliding conditions.
Therefore, the various kinds of cast irons for railway

vehicles do not always exhibit the same properties under
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showp in Fig.58t. El enment C

. 9 4l err] 3.6 1l.4[err]1.6
the operaggndécond#iio of]thgjelevatér. ]@gmely, a mege

conversion based on the properties under the condition

of use of railway vehicles is insignificant.

SUMMARY OF THE INVENTION

It is an object of this invention to overcome
the above problems of the prior art.

Another object of the invention is to provide
an improved emergency stop device for elevators which
comprises brake members disposed in opposed relation to
a guide rail mounted on an elevator path wall, and a
resilient member for pressing the brake members against
the guide rail when the speed of movement of a cage of
the elevator exceeds a predetermined speed.

A further opject of the invention is to
provide an improved elevator which comprises a cage, a
drive device for moviﬂg the cage upward and downward,
and emergency stop devices operable when the speed of
the cage exceeds a predetermined speed.

According to one aspect of the present
invention, the ratio of a maximum force (kg), produced
by a resilient member for pressing brake members against
a guide rail, to a braking energy (J) required per set
of emergency stop devices fo: stopping a cage at an
average deceleration of not more than 9.8 m/s? is not
more than 0.015 kg/J.

According to another aspect of the invention,

the ratio of the weight (kg) of a set of emergency stop
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0. 5[en 6t 1.2 O[err]3.0 bal ance

As degcli whep Cr is added, 10 cenentite is precipitated.
Howev ¢r 3ﬁg»@ﬂg¥§Zdite has been precipitated as a result of addition
of P, cenentite ) s|precipitated al so as one constituting part of

the sfeadite. Therefore

the effect achieved hy the addition of C can
precipitation 15 of the single cenentite. -

Therefore, \Ahendevll%eed@@da biraking Ene?@ee (Y9 tdizldddpdhaef fgct of O
i n conmbi nati on with P on the friction coeff|C|ent and wear resistance.

emergency stop devices for stopping a cage at an average

‘deceleration of not more than 9.8 m/s? is not more than
0.00015 kg/J.

5 According to a further aspect of the
invention, a metallic structure of a sliding surface of
the brake'member contains a graphite phase, a steadite
phase, a cementite phase and a pearlite phase.

According to a still further aspect of the

10 invention, a metallic structure of a sliding surface of
the brake member contains a steadite phase whose area
ratio is not less than 5%. |

According to a further aspect of the
invention, the brake member is made of an iron alloy

15 containing 34 wt.% C and not less than 0.5 wt.% P.

. According to a further aspect of the
invention, the brake member is made of an iron alloy
containing 34 wt.% C, not less than 0.5 wt.$ P, and not
less than 2.0 wt.%$ of P plus Cr.

20 According to a further aspect of the
invention, there is provided an elevator provided with
the emergency stop devices mentioned in the above

aspects.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 is a schematic perspective view of an
elevator provided with one preferred embodiment of

emergency stop devices of the present invention;
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'emergéncy stop device system of the present invention
for elevators;

Fig. 3 is a partly cross-sectiénal view of the

5 'emergency stop device taken along the line III-III of
Fig. 2;

Fig. 4 is a cross-sectional view taken along
the line IV-IV of Fig. 3;

Fig. 5 is a partly-broken view showing the

10 interior of the emergency stop device;

Fig..ﬁ is a diagram showing the relation
between the P content of the brake member of the
invention and a relative mean friction coefficient, as
well as the relation between this content and a relative

15 wear rate;

Fig. 7 is a diagram showing the relation
between an area ratio of steadite in a sliding surface
of the brake member of the invention and a relative mean
friction coefficient, as well as the relation between

20 this area ratio and a relative wear rate;

Fig. 8 is a diagram showing the relation
between the (P + Cr) content of the brake member of the
invention and a relative mean friction coefficient, as
well as the relation between this content and a relative

25 wear'rafe;

Fig. 9 is a diagram showing the relation

between the ratio of an steadite area plus an cementite

area to a graphite area and a relative mean friction
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Fig. 10 is a perspective view of one example
of brake member of the invention;

Fig. 11 is a front-elevational view showing a
portion of a sliding surface of the br&ke member of Fig.
10;

Fig. 12 is an enlarged, cross-sectional view

of a portion of the brake member taken along the line

XII-XII of Fig..l1l;

Fig. 13 is a front-elevational view showing a
portion of a sliding surface of a modified brake member
of the invention;

Fig. 14 is an enlarged, cross-sectional view
of a portion of the brake member of Fig. 13 taken along
the line XIV-XIV of Fig. 13}-

Fig. 15 is a front-elevational view showing a
portion of a sliding surface of another modified brake
member of the invention;

Fig. 16 is a diagram showing a comparison
between a conventional emergency stop device and the
device of the invention with respect to the relation
between the ratio of a spring force P to a braking
energy E and a relative mean friction coefficient;

Fig. 17 is a diagram showing a comparison

' between the conventional emergency stop device and the

device of the invention with respect to the relation

between the ratio of the weight W of the device to the
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coefficient;

Fig. 18 is a schematic view of another
preferred embodiment of the invention in which two sets
of emergency stop devices are provided on an elevator;

Fig. 19 is a cross-sectional view taken along

the line XIX-XIX of Fig. 18.

DESCRIPTION OF THE PREfERRED EMBODIMENTS

One preferred embodiment of the present
invention will now be described with reference to Fig. 1
to 19.

Fig. 1 is a schematic view showing a mo#ing
portion of an elevator provided with one preferred
embodiment of emergency stop devices of the present
invention. The moving portion of the elevator comprises
a cage 2 movable along an elevator path for carrying
passengers, a plurality of main ropes 4 connecting the
cage 2 to a drive system mounted within a machine room,
and emergency stop devices 1 for safely stopping the
cage 2 in case of emergency. Two guide rails 3 are
mounted on a wall of the elevator path; and serve to
guide the cage 2 when the cage moves upward and
downward. The emergency stop device 1 includes a pair
of brake members 9 therein between thch the guide rail
3 is interposed, and the brake members 9 are connected
by rods 8 to a governor system (more fully described

later) for detecting the speed of the cage 2. 1In Fig.
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| K-3 (JIS), having a |lower C content and a smal | er
ar pa rﬁﬂMAﬂ"WQ?a hifte. As a result, it was found that the
fr{ction coefffifci ent was not stable though it was high, and there 5
wap a I arge erence between the neasurenents in the tests. In sone
ca Lhe nmaterjal jwas | ocked relative - 11 to a material of SS400
simulating the guide rail, and was stopped at an abrupt decel erati on.
Furthernore, the, in order to mainly explain the position of mounting

of the emergency stop devices, those devices of the
elevator not directly related to the invention, such as
a door opening-closing device, a tail cord, the drive
5 system, and.those portions assqciated with.the governor,
are not illustrated.
In order to'explain the operating condition of
the emergency stop devices 1, the construction of the
~ emergency stop device system is schematically shown in
10 Fig. 2. The emergency stop device system comprises a
governor 5 mounted within the machine room 50 of the
- elevator, a governor rope 6 for transmitting the speed
bf the cage 2 to the governor 5, links 7 coﬁnecting the
governor rope 6 to the cage 2, and pull-up rods 8
15 connecting the links 7 to the emergency stop devices 1.
Fig. 3 is a schematic, partly cross-sectional
view of the emergency stop device 1 taken along the line
III-IITI of Fig. 2. 1In Fig. 3, the emergency stop device
1l is shown in cross-section at a right half of the guide
20 rail 3, and is shown in frbnt elevation at a léft half
of the guide rail 3. The emergency stop device 1
comprises the two brake members 9 having the guide rail
3 disposed therebetween, guide rollers 10 for guiding
the’ﬁoﬁemént'of the brake members 9, guides 11, guide
25 support members 12 éach supporting the corresponding
roller 10 and guide 11, a resilient member 13 for
pfoducing a force for pressing the brake members 9

against the guide rail 3, a frame 14, roller plates 15
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members 12 on the frame 14, and guide the resilient
member 13. Each of the fixing bolts 16 is mounted on
the frame 14 through a spring 17 and a nut 18.

The composition and structure of the brake
member 9, as well as the weight and shape of the
emergency stop device, will be described later in
detail. A U-shaped spring is used as the resilient
member 13. 1In the emergency stop device of thelpresent
invention, the shape of the spring is not limited, and
other types of springs than the U-shaped spring, such as
a belleville spring and a coil spring can be used.

Fig. 4 is a fragmentary cross-sectional view
of the emergency stop device taken along the line IV-IV
of Fig. 3. 1In Fig. 4; the rod 8 for pulling the brake
members 9 upwardly when the emergency stop device 1 is
operated is shown in cross-section. A support plate 8’
is connected to the pull-up rod 8, and the brake members
9 are supported on the sﬁpport plate B’ so as ﬁo move
into and out of contact with the guide rail 3. The
brake member 9 is urged against the rollefs 10 by a
spring (not shown). The resilient member 13 is fixed to
the frame 14 by fixing bolts (not shown).

The operation mechanism of the emergency stop
device 1 will now be described with reference to Figs.
2, 3, 4 and 5.

Fig. 5 is a view explanatory of

movements of the relevant parts during the operation of

is effective as
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20 |n10 graphite, andlif is preferred that 1.4[err]1.6 w.% Si be

- added|f or O MAR 1943 the formation of the graphite. I n order
that the brake nenberi can have such characteristics that a high
frict|onR ' and a hi gh wear resistance are conpatible with, a
stabl g, .25 friction coefficient and a highl3 ~eliability, we have
directed our attention to.the ratio of the structure, offering a

sliding resi stineeemérgéhey sdtoptdeeice 1. offering lubrication, in the
material for the brake
Explanation will now be made first with
reference to Figs. 2 and 5. When the cage 2 drops at a
-5peed higher than a predetermined speed, the number of
S revolution of the governor 5 exceeds a predetermined
level, so that an acceleration detector (not shown)
provided therein operates to stop the governor 5. As a
result, the movement of the governor rope 6 is also
stopped; however, since the cage 2 continues to drop,

10 the links 7 are pulled upwardly relative to the go&ernor
rope, and the rods 8 connected to the links 7 are also
pﬁlled upwardly. As a result, the brake members 9
supported on the support plate 8’ connected to the rod 8
are pulled upwardly.

15 Next, explanation will now be made with
reference to Figs. 3 #nd 4. When each rod 8 is pulled
upwardly, the brake members 9 move upward while guided
by the roller 10 and the guide 11.  When the brake
member 9 moves upward a predetermined distance relative

20 to the frame 14, the interval or spacing between the

. pair of brake members 9 decreases since the pair of
guides 11, disposed in opposed relation to the guide
rail 3, are tapered, and as a result the pair of brake
members 9 are brought into contact with the guide rail

25 3. When the pair of brake members 9 further move
upward, a force of pressing of the brake members 9
against the guide rail 3 is produced, and at the same

time a reaction force is produced, so that the legs of
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- 24 - LACE SHEbHé area ratio of the steadite plus the cenentite
to tre grdi te in thejvarious test pieces nmenti oned above was .
anal 3 R ®97chpr Acteri stics were expressed in terns of the ratio

of (1h cfpad|te 5 ea + the cenentite area) to the graphite area.

Resufts thereof are shown in Fig. 9. The F%PIO of (the steadite area + .
the C ' the graphite area W ll hereinafter -h ]
represented by ¢ _ [ f ient _i.ncreases with the

i ncrease of SR © OUangg %&??%ﬁf%}?éE ﬁ%#gggegsn%#éeafgeﬂhaﬁ §R%F§mnot | ess

each other by a predetermined distance through the
rollers 10, the guides 11 and the guide support members
12, thereby producing a predetermined force for pressing
5 "the brake members 9 against the guide rail 3. As a
result, a large frictional force is produced between the
- guide rail 3 aqd each brake member 9, thereby stopping
the cage 2.
Contents and results of study of the
10 composition and étructure of the brake member 9 used in
this embodiment will now be described below in detail.
For simulating the dropping condition of the
elevator, there were.conducted.tests in which a disk of
low carbon steel (SS400 (JIS)), which was a material for
15 the guide rail, was rotated, and each of pins, made of
materials used for the brake member, was pressed into
sliding contact with the surface of this disk. For
simulating the operating condition of the emergency stop
device, the disk was decelerated at a constant rate from
20 a ﬁredetermined rotational speed until the disk was
stopped. ?he friction coefficient of the disk and the
pin during that time was measured, and the relation
between the speed and the friction coefficient was
found, and further a mean friction coefficient and a
25 wear rate were calculated, thereby evaluating the
materials. Conditions of the test are shown in Table 1
below.

"The mean friction coefficient pav is
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descri bed. \Wedetkbrmsneddéd, theefpidowihg manhee. Thestfricttion is made
and t he overall strength S

coefficient pu depends on a sliding movement speed v, and
therefore it can be expressed by an equation pu = p(v).
The speed v varies with time. If the distance of
sliding movement is represented by L, L can be expressed
by an equation L = [v(t)dt, and therefore the mean
friction coefficient uév can be expressed by an equation
pav = [ p(v)dv/L.

‘The wear rate WR is expressed by an equation
WR = WL/(P k L) where WL represents a wear amount, P (=
load/sliding area) represents a surface pressure, and L
represents a sliding distance.

Table 1 Test Conditions

Vy: Initial velocity 8~15 m/s
g: Average deceleration | 9.8 m/s?
P: Surface pressure 4~10 kg/mm?

The above studied materials will now be
described. First, various kinds of elements were added
to FC250 (serving as a base) used in the conventional
device, and various kinds of cast irons were prepared
from these materials, and changes in structure, means
friction coefficient and wear rate were examined. The
composition fange of the studied materials is shown in

Table 2.
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Table 2 Composition Range of studied Materials

I ncreased that bainite is precipitated

resi stance is | owered

Element Cc Si Mn
wt.% 3.2~3.6 1.4~3.5 0.5~0.7
P Ni Cr Fe
0~1.6 0~4.0 0~3.0 balance

The above results were obtained by chemically
analyzing samples taken at the time of casting, and show
the composition range of the whole of the brake member.
The effects of C, Si, Ni, Cr and P among the above
elements will be described further.

C is present as graphite, and serves as a
lubricating component. Si and Ni have the effect of
forming C into graphite. Ni also has the effect of

strengthening pearlite. P forms steadite. Cr has the

effect of precipitating cementite and steadite.  Mn

serves to remove oxygen from cast iron, and has

extensively been used as an additive element for cast
iron.

The structure of the cast iron having the
above composition will now be described. FC250 has a
structure in which flake graphite is precipitated in the

pearlite base. When P is added to FC250, steadite of a

_‘;hree-component eutectic structure represented by Fe;P-

Fe,C-Fe is precipitated. When Cr is further added,
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the steadite increases. With respect to a pearlite
phase of a two-component - (Fe;C and ferrite) eutectic
structure in which layers of Fe;C and ferrite are
alternately arranged, when Ni is added, the pearlite
phase is made finer. Further, when this element is
added in a larger amount of up to about 4%, the phase is
changed into a hard structure called bainite.

The operaﬁion and role which the above
structure performs to serve as the bfake member will now
be described.

The graphite phase present in the sliding
surface serves as a lubricating component, and prevents
seizure between the guide rail and the brake member.

The steadite phése is a hard phase, and serves to
increase the friction coefficient and also to increase
the wear resistance. The cementite phase is also a hard
phase, and also serves to increase the friction

coefficient and to increase the wear resistance. As

-compared with the steadite phase, the cementite phase is

less lowered in hardness at elevated temperatures, and
therefore when the temperature of the sliding surface
becomes high, the friction coefficient and the wear
resistance are less lowered.
Results of the study will now be described.
The influence of P will first be described.

The results described below were obtained when changing
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The \shjape of the braké nmenber whose materi al was determ ned based on
. the jadov@ f¥MARIEs W kI now be 15 descri bed. Fig. 10 shows
t he jagpear ance of tlhejbrake menber 9 of the emergency stop device

whi gh TETIOET TS de of the above materials: As shown in Fig. 10, the
brae_nenber- 9 has a ywedge-shape, and a plymgality of 20 grooves are

formed in its sliding surface 9a disposed in _ opposed relation to the
guide rail 3. Ghéec@ivoesodbp whildr£ikimdgethé ncenpbsotionposi thesi de
surfaces of the brake nmenber 9, and these gui de grooves 9b gui de the

other elements. Incidentally, although the materials
were prepared while fixing the composition of the other
elements, an analysis indicated that there were a little
5 difference between test pieces. Including variations of
the other elementé, the composition is shown in Table 3.

Test conditions were the same in all cases. The test

conditions are shown in Table 4.

Table 3 Composition Range of studied Materials

shown in Fig. 6

Element C Si Mn
wt.% 3.4.'3.6 l.4~l"6 005.‘0-7
P Ni Cr Fe
0~1.6 1.0~1.2 2.072.2 balance

Table 4 Test Conditions

Vy: Initial velocity 11712 m/s

Average deceleration 9.5%10.5 m/s?

g

P: Surface pressure 5~7 kg/mm?
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&ﬂgLACEWﬁwﬁéSHEEEc menber 9 when the brake nenber 9 25 is pulled

up aci ng [r¢lation to the gui de rai

Det|ai}l soquAqugg;j | li hg surface 9a will now be descrl bed with reference
to(Filgs. 11 and Fig. 11 is _ - - 26-

a flr i ew showi ng a portion I the .sliding surface 9a

of [t he Dbrake nenber

. angigigs %ﬁobé the relation between the content

- of P and a mean friction coefficient, as well as the
relation between this content and a wear rate. The mean
friction coefficient and the weaxr rate are a relative

5 mean friction coefficient and a relative wear rate,.

respectively, which are obtained by converting them into
respective relative values, using the values of FC250 as
a reference value (1.0). The mean friction coefficient
increases with the increase of the addition amount of P,

10 and abruptly increases when the P content exceeds about
0.5 wt.%, and reaches a generally constant value when
the P content exceeds about 0.8 wt.%. The wear rate
decreases with the increase of the addition amount of P,
and reaches a generally constant Qélue when the P

15 content exceeds about 0.7 wt.%. As shown in Fig. 6, the
mean friction coefficient is about 1.4~1.5 times higher
than that of the conventional material, and the wear
rate is about 9710 times higher thgn that of the
conventional material.

20 Fig. 7 shows the relation between an area
ratio of steadite and the mean friction coefficient, as
well as the relation between.this area ratio and the
wear rate. The area ratio of steadite was determined
such that 15 photbgraphs of the structure of the

25 material were taken, and then the steadite portions were
traced, and then the area and the area rétio were found
by the use of a picture processing device (LUSEX II)

(manufactured by NIRECO K.K.). The area ratio means a
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t ake ?ff t he I|ne Xil-XIl of Fig. 11. 5 In the brake nermber 9, two

gr pups“o ﬂ@ﬁb 3d of a V- shaped cross-section (hereinafter
refekred to as_ "V- shaped grooves") are provided respectively at an
angl e of 45[erfr] and an angle of 135R€r~] with respect to the sliding
di rect+on—so—t-hat_tlhe two groups of grooves 10 perpendicularly intersect

each other. Asratiesf tthe larea of steatiite simfthe fange dhvwhHédhbghehe
V- shaped grooves into a pIuraJltx'of sections of a square shape. In
this enb@ictune processinginwas d9reangle [err] of the V-shaped

groove 30 is 90[err], as well as the case wherein the angle [err]
The mean friction coefficient increases with

the increase of the area ratio of steadite, and abruptly
5 ‘increases when the area ratio of steadite exceeds about

5%, and reaches a generally constant value when this

area ratio exceeds about 6%. The wear rate decreases

with the increase of the area ratio of steadite, and

reaches a generally constant value when this area ratio
10 exceeds about 6%.

Namely, by adding P to FC250 used as a
material for the conventional brake member, the friction
coefficient and the wear resistance can be improved
greatly. When this additiqn amount is not less than

15 abouf 0.5 wt.%, marked effects are obtained, and when
the addition amount is not less than abﬁut 0.7 wt.%, the
efféct reaches;a generally constant level. However,
when the amount of addition of P is more than 3 wt.$%,
the machineability (cutting) for the brake member is

20 deteriorated, and therefore it is preferred thaf the
addition amount be in the range of 0.7%3 wt.%.

A further study of the structure of the
materials having P added thereto has indicated that the
precipitation of steadite greatly improves the friction

25 coefficient and the wear resistance. Evaluating the
structure quantitatively, when the area ratio of
steadite is not less than about 5%, its effect is

conspicuous, and when this area ratio is not less than



een studied, and both angles are favorably

powder (hereinafter referred to as "abrasi on
fromthe V-shaped grooves.
. grooves, the formation of the grooves is
and since 20 tihe cross-sectional shape-of the square section is
7ordet—-hi-s—cadf i gurati on has the effect. of sufficiently

wi t hst andi ng aaboedr 68y theceffect reaches a génemdilfliyeddmstentedagl i s
shown in Figs. 13 and 14. Fig. 13 is a front-elevational view show ng
a 25 portion of a slidNegtsuthacéngduenhceheofbCakwiddninow e

described. Results described blow were obtained when
changing'the content of Cr while fixing the composition

5 of the oiher elements, as described above for the above
results. The composition range of studied materials iS

shown in Table 5. Test conditions are the same as shown

in Table 4.
Table 5 Composition Range of studied Materials
shown in Fig. 8
Element C Si Mn
wt.% 3.473.6 1.4~1.6 0.570.7
P Ni Cr Fe
0.570.7 1.0~1.2 0~3.0 “balance

As described above, when Cr is added,

10 ceméntite is precipitated. However, where steadite has
been precipitated as a result of addition of P,
cementite is precipitated also as one constituting part
of the steadite. Therefore, the effect achieved by the

addition of Cr can not be evaluated by the precipitation
15 of the single cementite. Thereforé, when P is added, it
is necessary to study the effect of Cr in combination
with P on the friction coefficient and wear resistance.

Fig. 8 shows the relation between the content
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ind Fig. 14 is ap pnlarged, cross-sectional view of a portion of the
Hr 4k AMAR 1§97akenf al ong the line Xl V-XIV of Fig. 13. In this brake
' bs{ of grooves -27-
Equar e cross-section (hereinafter referred to as
Ar e provi ded respEc??vEIy at an angle of 45[err] and

an angl e of 135%§rr] wth respect to the_.sliding direction, so that
the two groups° P+ Cr and a relative mean friction coefficient, as

well as the relation between this content and a relative
wear rate. The mean frictioh coefficient increases with
the increase of the P + Cr'content, and reaches a

5 generally constant value when this content exceeds about
2.0 wt.%. The wear rate decreases with the increase of
the P + Cr content, and reaches a generally constant
value when this content exceeds about 2.0 wt.%.
'Generallf, when the Cr content is more than 3.0 wt.%,

10 the machineability of the brake member is deteriorated.
The effect of Cr is more conspicuous in wear resistance
than in friction coefficient. Namely, if Cr is added
together with P, a greater effect is achieved by the
improved mean friction coefficient and wear resistance,

15 and particularly a greater effect of improving the wear

_resistance is obtained. The effect is conspicuous when
the P + Cr content is not less than about 1.5 wt.%, énd
the effect reaches a constant level when this content is
not less than about 2.0 wt.%. In view of the

20 machineability, a practical ‘'range of the P + Cr content
is up to about 5 wt.%.

Next, the influence of C will now be
described. All of the materials, used in the above
study of P and Cr, contain 3.4~3.6 wt.% C, and have

25 graphite precipitated therein. The-area ratio of
graphite in these materials is 8.4~10.5%, and about 9.6%
on the average. In order to confirm the effect of

graphite, similar tests were conducted with tool carbon
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Liere ularly intersect each other. As a result, the
sli s{ di vided by the square grooves into a plurality
of e shape. The square groove has a | arger vol une,
and|t berefore can receive a |larger anount of abrasion powder. 10
Anoj her nodified.brake nenber wll be - 2kseribed with reference to Fig.
15. =Feg—tb—s-—a—___| front-el evati onal view show ng a portion of a sliding

surface 9d of ts¢eelakSKm3nt{dISy, havihgsablewernEnicentent andh@ee groups
of square grooves are provided respectively 15 at three different angles,
that is, 60[errEmaddpar preandat2o] ofr graphdte. the sliding surface 9d is
divided by these square As a :eéult, it was found that the friction
coefficient was not stable though it was high, and there
5 was a large difference between the measurements in the
tests. In some cases, the material was locked relative
to a material of SS400 simulating the guide rail, and
was stopped at an abrupt deceleration. Furthermore, the
wear rate was markedly increased. In view of the fact
10 that the emergency stop device plays the role of a
safety device, the material inferior in reliability can
not be used. From these resulté, it is thought that an
unstable friction coefficient and a high wear rate of
the carbon steel are attributable to the fact that the
15 graphite phase is extremely small in the structure, and
it is thought that the existence of the graphite phase
for stabilizing the friction coefficient is
indispensable for the brake member. Si is effective as
an additive element for promoting the formation of C
20 into graphite, and it is preferred that 1.471.6 wt.% Si
be added for promoting the formation of the graphite.

In order that the brake member can have such
characteristics that a high frictién coefficient and a
high wear resistance are cdmpatible with a stable

25 friction coefficient and a high reliability, we have
direéted our attention to the rétio of the structure,

offering a sliding resistance, to the structure,

offering lubrication, in the material for the brake
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cementite to the graphite in the various test pieces
mentioned above was analyzed, and the characteristics
were expressed in terms of the ratio of (the steadite
area + the ceméntite area) to the graphite area.
Results thereof are shown in Fig. 9. The ratio of (the
steadite area + the cementite area) to the graphite area
will hereinafter be represented by "SR". The mean
friction coefficient iﬁcreases with the increase of SR,
and particularly increases markedly when SR is not less
than about 0.5. The wear rate decreases with the
increase of SR, and reaches a generally constant value
Qhen'SR is about 1.0%. .

Namely, when the ratio SR of (the steadite
area + the cementite area) to the graphite area is not
less than about 0.5, the characteristics are stable, and
also a high friction coefficient and a high wear rate
can be obtained.

Next, the influence of Ni will now be
described. When Ni is added, the pearlité in the
structure is made fine, and the overall strength is
increased, and the wear resistance is improved.

However, when the amount of addition of Ni is so
increased that bainite is precipitéted in the base, the
effect becomes adverse. Namely, when bainite is
precipitated in the base, the friction coefficient and
the wear resistance are lowered. Particularly, the wear

resistance is lowered markedly. Therefore, the
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precipitation of bainite must be avoided, and preferably
the amount of Ni should be in the range of 1.5%4 wt.%,
and more prefer ably in the range of 2~4 wt.s.

In view of the above findings, in order that
the brake member can have stable characteristics, and
can have a high friction coefficient and a high wear
resistance, the structure of the material preferably
contains a graphite phase, a steadite phase, a cementite
phaée and a pearlite phase. The above results are
obtained not only when the material for the guide rail
is SS400 but also when this material is low carbon
steel.

The shape of the brake member whose material
was determined based on the above findings will now be
described.

Fig. 10 shows the appearance of the brake
member 9 of the emergency stop device which member is
made of the above materials. As shown in F;g. 10, the
brake member 9 has a wedge-shape, and a plurality of
grooves are forméd in its Sliding surface 9a disposed in
opposed relation to the guiqe rail 3. Guide grooves 9b
are formed in each of opposite side surfaces of the
brake member 9, and these guide grooves 9b guide the
movement of the brake member 9 when the brake member 9
is pulled upwardly in facing relation to the guide rail
3.

Details of .the sliding surface %a will now be

described with reference to Figs. 11 and 12. Fig. 11 is

an

h the sliding surface divided i nt o the plurality of
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mofn soon thus el]i ninati ng the uneven contact, thereby - preventing an

a |€b1wmarwq7 Characteristics of t he energency stop device
16 provi ded with tjhg brake nmenbers produced based on the above
fipdings w bg descri bed. Dependi ng on the rated speed

oft the el evat or (to which the errerge'hc?;ﬁs‘top devices are to be-
nount ed) e cage, that. is, the _ener y unit: 15
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device is an enlarged, cross-sectional view of a portion of the

brake member taken along the line XII-XII of Fig. 11.

S5 'In the brake member 9, two groups of grooves 30 of a V-
shaped cross-section (hereinafter referred to as "V-'
shaped grooves") are provided respectively at an angle
of 45° and an angle of 135° with respect to the sliding
direction, so that the two groups of grooves

10 perpendicularly intersect each other. As a result, the
sliding surface 9a is divided by the V-shaped grooves
into a plurality of sections of a square shape. In this
empodiment, the case where the.angle « of the V-shaped
groove 30 is 90°, as well as the case wherein the angle o«

15 is 609, haS'been'studied, and both angles are favorably
effective in removing powder (hereinafter referred to as
"abrasion powder"), produced as a result of abrasion,
from the V-shaped grooves. In the case of the V—éhaped
grooves, the formation of the grooves is easy, and since

20 the cross-sectional shape of the square section is
trapezoidal, this configuration has the effect of
sufficiently withstanding a shearing force.

A modified brake member is shown in Figs. 13
and 14. Fig. 13 is a front-elevétional view showing a

25 porfion of a sliding surface 9c of the brake member 9,
and Fig.. 14 is an enlarged, cross-sectional view of a
portion of the brake member taken along the line XIV-XIV

of Fig. 13. 1In this brake member, two groups of grooves
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referred to as "square grooves") are provided
respectively at an angle of 45° and an angle of 135° with
respect to the sliding direction, so that the two groups
of grooves perpendicuiarlj intersect each other. As a
result, the sliding surface 9c is divided by the square
grooves into a plﬁrality of sections of a square shape.
The square groove has a larger volume, and therefore can
receive a larger amount of abrasion powder.

Another modified brake member will be
described with reference to Fig. 15. Fig. 15 is a
front-elevational view showing a portion of a sliding .
surface 9d of the brake member 9. In this brake member,
three groups of square groovés are provided respectively
at three different angles, that ‘is, 60°, 90° and 120°, and
the sliding surface 9d is divided by these square
grooves into a plurality of sections of a triangular
shape. Since the sliding surface 9d is thus divided
into the triangular sections, the three groups of square
grooves intersect, so that the abrasion powder can be
removed easily.

The role of the grooves formed in the sliding
surface of the brake member, as well as the effect and
role of the divided sliding surface, will now be
deséribed. .

The plurality of grooves formed in the siiding
surface'rapidly remove the abrasion powder from the

sliding surface, and prevent the abrasion powder or
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fut hermore becausp pf an excel | ent wear resistance, the sliding

sunf _ceU MAR@%Ir ake| menber is subjected to |ess wear, so that the
presging force P.ig | ess | owered. 5 Therefore, a large braking force E
cah be accommvdated with a smaller predsi-ng force P by the use-of the

y_stops _devikes of a smaller weight. A conparison in braking
ability betweensthepsoﬂm@mtbbnﬂhg into the guide rail, thus preventing

an abnormal wear. When the sliding surface divided into
the plurality of sections is subjected to an uneven
contact, the surface pressure of the contacted portion
5 (that is, one section) of the divided sliding surface
becomes extremely high, and therefore this section is
worn soon, thus.eliminating the uneven contact, thereby
éreventing an abrasive wear.
Characteristics of the emergency stop device
10 provided with the brake members produced based on the
above findings will now be described.
Depending on the rated speed of the elevator
(to which the emergency stop devices are to be mounted)
end the weight of the cage, that is, the energy (unit:
15 joule) to be braked by the emergency stop devices, the
specification of the resilient'member'is determined, and
the overall weight (unit: kg) of the device is |
determined. Therefore, where the conventional device is
used, naturally, the larger the braking enefgy
20 (hereinaﬁter represented by E) is} the larger the force
(hereinafter represented by P) of the resilient member
for pressing the brake members against the guide rail
needs to be, and as a result the weight (hereinafter
represented by W) of the emergency stop devices
25 increases.
However, when the emergency stop device of
this embodiment is used, the pressing force P can be

efficiently converted into the braking forxce since the



de ; for the brake nenber, and the device 10 of this
enbqdi gent- wi |l n¢wjbe described wth reference to Figs. 16 and 17.

Fi gj 18 TMABI99%he | r ¢l ati on between the ratio P/E of the pressing force
Pfta_the braking ene¢rgy E and a relative friction coefficient. P/E can
bg greatly 15 ered in the emergency_stgp_device of this enmbodi nent,

a Al P conventional device. nmely, in t hi s enbodi nent,

e e ponele i AR SRS 34, el il Y97 gk dd speed

thus it 20 DbeGERARNY HétdidATE A dite MAME Wa P HedDECadd the
sliding surface of the brake member is subjected to less
wear, so that the pressing force P is less lowered.

5 Therefore, a large braking force E can be accommodated
with a smaller pressing force P by the use of the
emergency stops devices of a smaller weight. A
comparison in braking ability between the conventional
device, using FC250 for the brake member, and the device

10 of this embodimenﬁ will now be described with reference
to Figs. 16 and 17.

Fig. 16 shows the relation between the ratio

P/E of the pressing force P to the braking energy E and
a relative friction coefficient. P/E can be gfeatly

15 lowered in the emergency stop device of this embodiment,
as compared with the conventional device. Namely, in
this embodiment, when the weight of the éage assumes two
kinds of values with the speed kept constant, the P/E
value is 0.013 (kg/J) and 0.009 (kg/J), and thus it

20 becomes possible to achieve the value of not more than
0.015 (kg/J)_calculatéd based on the proper pressing
force estimated from the proper weight of the cage. On
the other hand, in the conventional device, the obtained
value of P/E is 0.036 (kg/J).

25 Fig. 17 shows the relation between the ratio
W/E of the weight W of the emergency stop devices to the
braking energy E and a relative friction coefficienF.

W/E can be greatly lowered in the emergency stop device
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of this embodiment, as compared with the- conventional
device. Namely, the obtained value of W/E in the
conventional device is 0.00036 (kg/J), and on the other
hand, when the weight assumes £wo kinds_of values, the
W/E value is 0.00015 (kg/J) and 0.00009 (kg/J), and thus
it becomes possible to achievé the value of not more
than 0.00015 (kg/J) calculated based on the proper
weight of the emergency stop devices estimated from the
proper weight of the cage. |

A further embodiment of the present invention
will now be described with reference to Figs. 18 and 19.

Fig. 18 is a schematic view showing the

construction of ah elevator provided with modified
emergency stop devices of the present invention. 1In
Fig. 18, emergency stop devices 1 are mounted on the
underside of the elevator, and emergency stop devices 1’
are mounted on the top of the elevator. Fig. 19 is a
cross-sectional view taken along the line XIX-XIX of
Fig. 18. 1In Fig. 19, the referéhce numeral 9 denotes

brake members (hereinafter referred to as "lower brake

- members") for the emergency stop devices 1, and the

reference numeral 9’ denotes brake members (hereinafter
referred to as "upper brake member"s) for the emergency
stop devices 1‘. Resilient meﬁbers, as shown as the U-
shaped springs in Figs. 3 and 4, are shown in Fig. 19 as
simple springs 13 for illustration purposes.

In this embodiment, the material, described in

the first embodiment and having a structure including a
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A further enbodi nent of the present invention
a pearlite phase, was used for the lower brake members 9

and the upper brake members 9’. As a result, it has
been clearly found that the braking force is increased
to enable applying the emergency stop devices to an
elevator having a greater rated speed and a greater
load. 1In this case, if, instead of operating the upper
and lower brake members simulﬁaneously{ the lower brake
members are operated after the upper brake members are
operated, a smooth deceleration can be obtainéd. If the
.upper brake members and the lower brake mémbers are made
of different materials, respectively, the friction
coefficient can be controlled over a wide range, and the
optimum braking force can be obtained in accordance with
the speed of movement of the elevator and the load.
Table 6 shows combinations of the emefgency stop devices
with the brake members made of FC250 and the emergency
stop devices with the brake members made of the material
having a structure including a graphite phase, a
steadite phase, a cementite phase and a pearlite phase.
The rated speed is a speed during the normal operation,
and is different from the speed at which the emergenéy

stop devices are operated.
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reflerffed to as ™Upper brake member s) for the energency _ stop devices
17.] ResQl1®AR 9gnberg, as shown as the U 25 shaped springs in Figs. 3 and
4, larle shown in Fig.}19 as sinple springs 13 for illustration
purjposeEsT™ In this enbodi ment, the material, described in
thg first enbodinentfand having a structure 3hctuding a ]

- 31 -, gr apmi phase, a steadite phase,- a cenentite phase and

In the combination B in Table 6, the emergency
stop devices of the present invention are mounted on the
upper portion while the emergency stop devices with the
brake members made of FC 250 ére mounted on the lower

5 portion. The upper emergency stdp devices with the
brake membe;s, made of the material of the present
invention having such a structure that the friction
coefficient is higher than that of FC250 at high
temperatures, slide on the guide rails which are

10 elevated in temperature by tﬁe'frictional heat produced
by the braking operation of the lower emergency stop
devices. With this arrangement, a more effective
braking can be obtained.

Although FC250 is used as the material for the

15 brake members of the lower devices, this material is not
limited to FC250 in so far as the friction coefficient
and the wear rate are acceptable, and FCD400 or FCD700
may be used. | |

By combining the materials for the brake

20 members of the emergency stop devices of the elevator as
shown in Table 6, there can be provided the type of
elevator in which the braking force is optimum and
stable.

Next, the operation and role of the mechanism

25  mounting two sets of emergency stop devices will now be
described. -

Fifst, the manner of numbering the emergency

stop devices will be'described in the following._ The



a &Qﬁﬁﬁkaﬂﬂﬂﬁéﬁﬂﬂﬂ&s used for the | ower brake members 9 and the

uppgr brake nenbe 9'. As aresult, it has been clearly found that

t'He fbrgki MAR 99 e ii i ncreased 5 to enabl e appl ying the emergency stop

dgvijces to an ¢l evator having a greater rated speed and a greater

| Jad——tTrtirs——ease, |if, instead of operatlgq t he .upper and | ower brake
nbers simul taneougly, the | ower brake nmenbers are operated after the

ggfgir nle)(rjékelpet € @fetu}fo%%l ra e rrenb rs anzi&f'hgﬁ %ﬁ/re?a ?gkgﬁ%ﬁgers are
made of didd S it H S d W thr FSRECANd CdYe pHEviAEQ! r@Bpectively
on opposed walls of the elevator.path. Therefore, in
order that the emerdency stop device will not tilt the
5 cage during the operation for abrupt stop of the cage,
two emergency stép devices are provided for each of the
two guide rails, respectively, and are disposed at the
same level. Namely, the brakiﬁg operation will never be
effected by only one emergency stop device, but at least
10 two emergency stop devices are always used as a unit.
Therefore, when referring to one set of emergency stop
devices, two emergency stop devices are mounted on the
cage of the elevator. |
The braking force of the emergency stop
15 devices depends on the force for pressing the brake
members, the number of the brake members, the friction
coefficient of each brake member,'the spring constant of
the resilient member for pressing the brake members, and
the wear resistance of the brake members. Therefore, by
20 providing two sets of emergency stop devices in which
materials different in friction coefficient are used for
their brake members, the braking force can be adjusted
finely, which can not be acﬁieved when using the same
material for the brake members. |
25 By using the emergency stop device of the
present invention, the mean friction coefficient about
1.471.5 times larger than that of the conventional

device, as well as the wear resistance about 9~10 times
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constafR 1§evbeaindts ARA’ @hedelevator can be stopped
with the pressing springs of a smaller size.
Furthermore, since the wear amount is about 1/10 as
compared with the prior art device, the spring constant
of the spring to be used can be small, and therefore the
spring having a small displacement amount can be used.
Therefore, despite the increased braking
energy, the weight of the emergency stop device does not
need to be much increased. As a result, the diameter of
the main rope does not need to be increased, and the
power of the drive motor ddes not need to be increased,
and the number of passengers to be carried by the cage
can be increased, and the energy to be consumed can be
saved. Furthermore, the reliability of the emergency
sfop device is high, and the safety of the passengers i$

ensured.
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CLAIM_S_:
1. In an emergency stop device for elevators
comprising brakes members disposed in opposed relation to
a guide rail mounted on a wall of an elevator path, and
a resilient member for preésing said brake members
against said guidé rail when the speed of a cagé of said
elevator exceeds a predetermined speed;

the improvement wherein a ratio of a maximum
force (kg), produced by said resilient member for
pressing said brake members against said guide rail, to
a braking energy (J) required per set of said emergency
stop devices for stopping said cage at an average |
deceleration of not more than 9.8 m/s? is not more than
0.015 kg/J. | |
2. In an emergency stop device for elevators
comprising brake membefs disposed in oéposed relation to
a guide rail mounted on a wall of an elevator path, and
a resilient member for pressing said brake members
against said guide rail when the speed of a cage of said
elevator exceeds_a predetermined speed;

the improvement wherein a ratio of the weight .
(kg) of a set of.said emergency stop devices to a

braking energy (J) required per set of said emergency

- stop devices for stopping said cage at an average

deceleration of not more than 9.8 m/s’ is not more than

0.00015 kg/J.

3. In an emergency stop device for elevators

comprising brake members disposed in opposed relation to

This Sheet Has Been Replaced
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GMENT OHEE]

in the conbination B in Table 6, the energenc

st dp |de®itciéar afyt h resent invention are nounted on t”
porftijon while the rgency stop devices with the Bgai’j"tade

of [FC 250 are nmoumted on the | ower 5 portion. The uppew eneh

dewl with the brake nenbers, nede3df-the material of the present

i nventi on havi ng such a structure that the friction coefficient
hi gher than that ggidpCzedlamonngad on a Wehbeﬂétanesleyamag pathhe agdi de

rails which are

a resilient member for pressing said brake members
against said guide rail when the speed of a cage of said
elevator exceeds a predetermined speed;

the improvement wherein a metallic structure
of a sliding surface of said brake member contains a
graphite phase, a steadite phase, a cementite phase and
a pearlite phase.
4. An emergency stop device according to claim 3,
in which a ratio of an area of said steadite phase.plus
an area of said cementite phase to an area of said
graphite phase is not less than 0.5.
5. In an emergency stop device for elevators
comprising brake members disposed in opposed relation to
a guide rail mounted on a wall of an elevator path, and
a resilient member for pressing'said brake members
against said guide rail when the speed of a cage of said
elevator exceeds a.predetermined speed;

the improvement wherein a metallic structure

of a sliding surface of said brake member contains a

- steadite phase whose area ratio is not less than 5%.

6. In an emergency stop device for elevators
comprising brake members disposed in opposed relation to
a guide rail mounted on a wall_of an elevator path, and
a resilient member for pressing said brake members
against said guide rail when the speed of a cage of said

elevator exceeds a predetermined speed;

the improvement wherein said brake member is

This Sheet Has Been Replace
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perature by the frictional heat produced — hy the
eration gf jthe | ower energency stop devices. Wth this

Alt 2 Zﬁeﬁg‘?%"??r Jdo o5 the materiar for the 15 bl NRRANCHIN WML

r devices, this rfaterial is not - BBnrted to FC250 ih so ffar *as*the
i nt and the wear rate are acceptable, and FCD400- or
FCD700 sé® iron alloy contagpifghiTh reF +he mnemat dess t he
brake 20 ne S f .the enmgrgency stop devices of the elevator as :
"‘shown in Tabrg hér@tcgnpbe provi ded the type of

In an emergency stop device for elevators

comprising brake members disposed in opposed relation to
‘a guide.rail mounted on a wall of an elevator path, and
a resilient member for pressing said brake members
against said guide rail when the speed of a cage of said
elevatof exceeds a predetermined speed;
the improvement wherein said brake member is
made of an iron alloy containing 3~4 wt.% C, not less
than 0.5 wt.% P, and not less than 2.0 wt.% of P plus
Cr.
8. An emergency stop device according to any one
of claims 1 to 7, in which the sliding surface of said
brake member is divided into a plurality of sections.
9. An emergency stop device according to any one
of claims 1 to 7, in which the sliding surface of said
brake member is divided inté a plurality of sections by
two groups of grooves intersecting each other, said two
group of grooves being disposed respectively at
different angles with respect to a direction of sliding
of said brake member.
10. . An elevator comprising a cage, a drive device
for moving said cagé upward and downward, and emergency
stop Aevices of any one of claims 1 to 9 operable when
.the speed of said cage exceeds a predetermined speed.
11. An elevator comprising a cage, a drive device

for moving said cage upward and downward, and emergency

heet Has Been Re; laced
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;féﬁﬁiéiimﬂﬂ%BSHﬁEﬁ e braking force is optinun1énd stabl e
e manBaRel doc v 11 “now be. T gesert boa, nn\llnﬂl\mllﬁilg\\\lllhe

of nunberinglthe energency stop devices will be Yestri'be
' - 39 -

stop devices operable when the ééeed of said cage
exceeds a predetermined speed, said sets of said
emergency stop devices, respectively, being.mounted on
upper and lower portibns of said elevator and at least
one set of said emergency stop devices comprising

emergency stop device as claimed in any one of claims 1

to 9.

12, An emergency stop device for elevators
substantially as herein described with reference to
and as shown in Figures 1-17 or 18, 19 of the

accompanying drawings.

-
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PLACEMENT 5%

ERTY i s guided by guide rails which define the

rator-rath are provided respectively on opposed walls of the
bQ{Mgﬁ'B97T efefore, in order that the energency stop device w ||
t é 5i{cdge during the operation for abrupt stop of the cage,
pldevi ces are provided for each of the two gui de
Ils, respecti veI Y. and are di sposed -at4Q he - sane |l evel. Nanely, the
' ' v || never be effected by only one energency stop
device, but at least 10 tmo energency stop devi ces are always used as a
unit. - Ther ef BMERGENGH D FORoELEVATEOR oAND ELEVAEOR

ABSTRACT OF THE DISCLOSURE

Emergency stop devices 1 for elevators are
provided at a lower portion of a cage 2, and each of the
emergency stop devices is provided with brake members 9
which are adapted to be pressed into sliding contact
with a guide rail 3. A material of which the brake
member is made is high in frictiqn coefficient, and is
stable, and is exgellgnt in wear resistance, and
contains a cementite phase, a steadite phase, a graphite
phaée and a peariite phase. A ratio of an area of the
steadite phase plus an area of the cementite phase to an

area of the graphite phase is not less than 0.5.

FIGURE 1.
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g} menbers. 25 - By using the emergency stop
ent invention, the nean friction coefficient about
ger than that of the conventional devi ce, as well

W@ﬂ mman el about 9[err] 10 tines

Targer t that of the conventional device, can be

and the el evator care be stopped
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ings of a smaller size. Furt hernore, since the
1/ 10 as 5 conpared with the prior art device, the
of the spring to be used can be snmall, and therefore
g a small displacenent anmount can.be used.

e i ncreased braking energy, the weight of the
L gen does not 10 need 30 be. much increased. As a
result, the dianeter of the mai n rope does not need to beincreased,
and the power of the drive nmotor does not need to be increased,

and the nunber of passengers to be carried by the cage

FIG 3
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aC&W-bQ--—-J-ﬁCLEﬂ&Qd, and the energy to be consuned can be 15 saved.

*EFE;W \ﬁ IMRIreliability of the enmergency - stop device is high, and
: F=ot=n[1¢ passengers is ensured. . _ 36- CLAI MS: 1.
| §top device for elevators conprising brake nenbers

os ed rel ation

-4 -

FIG 5
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t 'Rﬁﬂbmgmmﬁyvp ed on a wall of an elevator'path, and resilient nmenbers
fqr ake nenbers against said guide rails when the speed of

afc gegqu @%ﬁ?) elfeyat or exceeds a predeterni ned speed; the inprovenent
erei 4@$ ak nbers are made of an iron alloy containing not |ess
t ake3eant . % but pof nore than 4 wt.. % C, not less than 0.5 w. % but not
re than 3 wt. % not less than 2 w- s0-but not nore than 5 wt. % total
P~Cr—aneé—hot-less than 1.5 wt. % but not nore than 4 wt. %N, and
sliding surfaces of said brake nenbers have a nmetallic structure which
contains a graphite phase, a steadite phase, a cenentite phase and a
pearlite phase. 2. In an energency stop device for elevators conprising
brake nmenbers di sposed in opposed rel aFi’clnGto @i de rails mounted on a

“wall of an elevator path,

\V

,_
ﬁ 1.5
O~
2Lz 147 o o -10 &
gy = =z
=0k 1.3 S
ng EE
EgiL&- ¥e
<55 -05 i
w2 4 Zl__l
ru = : !<_I:)
1.0 32
. i
L 1 : I T T O
0] 05 1o 1.5 20
P CONTENT (wt. %)
FIG 7
- |5
Z i
S 144 e -0 W
22 i 7 3z
mgQIS- o mg
=385 <5
W, Q .24 / wo
Zo_l e} | g..J
<=2 LS W=
225 ==
o
rw S 1,04 <z
Z gv
L : 0.

1
0 5 10 15 20
AREA RATIO OF STEADITE (%) '



and REP or pressing said brake nenbers against said guide
rail LA E a cage of said elevator exceeds a predeterm ned
speed; t|] wherein sai d brake nenbers are nmade of an iron
allo lless than 3 wt. % but not :

REPL _ -
-37-} nore than 4 w. }% C, not less than .5 w. % but not -
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conpriREHL;AGMTnSHEETS di sposed I n opposed relation to guide rails

el evator path, and resilient nmenbers for pressing

nmount dd fon a wal T of pn _
sai d r ke AR 997 apaj nst said guide rails when the speed of a cage of
sai d ¢l ¢vator exceeds} af predet erm ned speed, . t he i nprovenent

wher eitn brs are made of an iron alloy cont.aining not |ess

. than w. % but not nbre than 4 wt. % @ +ot. less than 0.5 wt. % but not
nore than 3 wt. %P, not less than 2 wt. % but not nore than 5 wt. % total
P+ C, and not less than 1.5 wt. %but not nore than 4 wt. % N, and
sliding surfaces of said brake nenbers have a netallic
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i hteh—eqntai ns a steadite phase having an area ratio of not |ess
5 WS&HE& re than 20 % - 38 & 4,
A ener gency ST gpldevice according to one of clains 1 to 3, wherein the
s|fi dOrfoMaRrggce [of said brake menber is divided into at |east two

sdcti ons.
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evi ce according to one of clains 1 to 4, wherein a

Urh force P (kgf), with which said resilient menbers

ers against said guide rails, to an anount of energy
of said emergency stop device for stopping said cage
ation of not less than 3.9 nls2 but not nore than
han 0.015 kgf/J.--106= An energency stop device

aimts 1 to 4, wherein a ratio WE of a weight W per

sai d emergency stop device, to an anount of energy E(J)
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Feq 3

I d emergency stop device for stopping said cage at
an o n of not less than 3.9 nis[err] but not nore than
9.8 nfs[err&Ais not re than 0.00015 kg/J. 7. 'In an el evator
congrifsi Qdt MAR48%7 rive device for noving said cage upward and .
do rd, and energéngy. stop devices operable when a speed of said cage
‘excdeds a predeterm gped val ue, the inprpyvenent: wherein said energency

stop.device conprjses
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-39- an emergency stop device according to one of clains 1 to 6. 8.

An ener

for elevators substaneraikymaﬁmunereln descri bed

with reference to shown in Figures 1110r EQC’RkMﬁcm ”“”““gﬁwm
aCCOWpaIN“\m““ “‘“m\m | 1 ::» Ihfif_)'ﬂ' nd __
l-ff g X , '““@“,;.
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CLAIMS:

A MM e i s

1. In an emergency stop device for elevators
comprising brake members disposed in opposed relation
to guide rails mounted on a wall of an elevator path,
and resilient members for bressing said brake members
against said guide rails when the speed of a cage of
said elevator exceeds a predetermined speed; the
improveﬁent wherein said brake members are made of an
iron alloy containing not less than 3 wt. $ but not
more than 4 wt. % C, not less than 0.5 wt. % but not
more than 3 wt. % P, not less than 2 wt. % but not more
than 5 wt. % total P + Cr, and not less than 1.5 wt. %
but not more than 4 wt. $ Ni, and sliding surfaces of
said brake membere have a metallic structure which:
contains a éraphite phase, a steadite phase, a

cementite phase and a peaflite phase.

2. 'In an emergency stop device for elevators

- comprising brake members disposed in opposed relation

to guide rails mounted on a wall of an elevator path,
and resilient members for pressing said brake members
against said guide rails when the speed of a cage of
said elevator exceeds a predetermlned speed, the
improvement wherein said brake members are pade of an

iron alloy containing not less than 3 wt. % but not

24 JUL 997
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more than 4 wt. % C, not less than 0.5 wt. § but not
more than 3 wt. § P, not less Chan 2 wt. % but not more
than 5 wt. § total P + Cr, and not less than 1.5 wt; $
but not more than 4 wt. $ Ni, and sliding surfaces of
said brake members ﬁave a metallic structure which
contains a graphite phase, a steadite phase, a
cémentite phase and a'pearlite phase and in which a
ratio.of'(an area of the steadite phase + an area of
the cementite phase) to an area of the graphite phase

is not less than 0.5 but not more than 2.0.

3. In an emergency stop device for elevators
comprising biake members disposed in opposed relation
to guide fails mounﬁed on a wall of an elevator path,
and resilient members for pressing sa%d brake members
against said guide rails when the speed of a cage of
said elevator exceeds a predetermined speed;
the improvement wherein said brake members are
- . made of an iron alloy containing not less than 3 wt. %
but not more than 4 wt. % C, not less than.O.S wt. %
but not more than 3 wt. ¢ P, not less than 2 wt. % but
not more than 5 wt. % total P + Cr, and not less than
1.5 wt. % but not more than 4 wt. § Ni, and sliding
surfaces of said brake members have a metallic
structure which contains a steadite phase having an

area ratio of not less than 5 $ but not more than 20 %.

REPLACEMENT SHEET
2 4 JUL 1997




LW O

- 38 -
' 4, An emergency stop device according to one of claims

| to 3, wherein the sliding surface of said brake

member is divided into at least two sections.

5. An emergency stop device according to one of claims
1l to 4, wherein a ratio P/E of a maximum force P (kgf),
with which said resilient members press said brake
mémbérsﬁagainst said quide rails, to an amount of
energy E(J) required per set of said emergency stop
device for stopping said cage at an average
deceleration of not less than 3.9 m/s2 but not more

than 9.8 m/s2 is not more than 0.015 kgf/J.

6. An emergency stop device according to one of claims
1l to 4, wherein a ratlo W/E of a wezght W per set of
said emergency stop dev;ce, to an amount of energy E(J)
required per set of said emergency stop device for
sfopping said cage at an average deceleration of. not
less thén 3.9 m/s2 but not more than 9.8 m/s2 is not

more than 0.00015 kg/J.

7. In an elevator comprising a cage, a drive device

for moving said cage upward and downward, and emergencyj;
stop devices operable when a speed of said cage exceeds

a predetermined value, the impfovement wherein said

emergency stop device comprises

REPLACEMENT SHEET
24 JUL 199/
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an emergency stop device according to one of claims 1

to 6.

8 Anémrgmcystopdeviceforelevatozssubstmtiallyas
herein described with reference to and as shown in Figures
1-17 or 18, 19 of theaocméanying drawings.
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