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CYLINDER MECHANISM 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002. The present invention relates to a cylinder mecha 
nism including a plurality of disc springs for normally urging 
a piston toward a fluid chamber for introducing a working 
fluid thereinto, the fluid chamber being defined partly by the 
piston. 
0003 2. Description of the Related Art 
0004. In recent years, there has been proposed a brake 
apparatus for electrically actuating a motor cylinder or a fluid 
pressure pump to apply a fluid pressure to a braking force 
generator mounted on a wheel, based on operating informa 
tion such as of a stepping force on a brake pedal (hereinafter 
simply referred to as “pedal') which is supplied to a vehicle 
ECU. 
0005 Such a system for electronically controlling brakes 
with an electric signal, or in other words, a brake-by-wire 
system, makes it possible to apply braking forces more 
responsively to the pedal operation and to brake the vehicle 
more smoothly than the fluid pressure control brake system 
that has widely been used heretofore which includes a pedal 
and a master cylinder directly connected to each other. 
0006. The brake-by-wire brake apparatus includes a pedal 
simulator (stroke simulator) for producing a reactive force in 
response to the depression of the pedal. Owing to the pedal 
simulator, the depth to which the pedal is depressed (stroke or 
controlled variable) and the stepping force are related to each 
other according to certain characteristics (stroke VS. stepping 
force characteristics). 
0007 Japanese Laid-Open Patent Publication No. 
06-211124 discloses a cylinder mechanism, serving as such a 
pedal simulator, which comprises a piston defining a fluid 
chamber for introducing a working fluid thereinto and a plu 
rality of disc springs for normally urging the piston into the 
fluid chamber. Based on the characteristics of the disc 
springs, nonlinear stroke vs. stepping force characteristics are 
provided to reduce the pedal operating torque (stepping-re 
sistant rigidity) when the pedal starts being depressed and to 
increase the pedal operating torque as the pedal is progres 
sively depressed, thereby giving the driver a natural opera 
tional feeling in operating the pedal. 
0008. In the disclosed cylinder mechanism, most of the 
disc springs are stacked together while facing in the same 
direction. In order for the piston to slide over a sufficient 
stroke, the cylinder mechanism needs to have a considerable 
number of disc springs and hence is costly to manufacture. 
0009. One solution to reduce the number of disc springs in 
the cylinder mechanism is shown in FIG.9A of the accom 
panying drawings. According to the solution shown in FIG. 
9A, the disc springs have respective bottom ends facing 
together in a housing 100. Specifically, disc springs 102 have 
upwardly directed conical shapes and disc springs 104 have 
downwardly directed (reversely directed) conical shapes. The 
structure shown in FIG. 9A is effective to reduce the number 
of stacked disc springs and to allow the piston 106 to slide 
over a sufficient stroke. 
(0010 Normally, slight clearances C are required between 
the disc springs 102, 104 and the housing 100 and also 
between the disc springs 102, 104 and a shaft 108 around 
which the disc springs 102, 104 are disposed, in view of the 
flexure of the disc springs 102, 104, as shown in FIG.9A. As 
shown in FIG. 9B of the accompanying drawings, when a 
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piston 106 on the disc springs 102, 104 is pushed, the disc 
springs 102, 104 are compressed. Thereafter, as shown in 
FIG. 9C, when the piston 106 is retracted and the disc springs 
102, 104 are expanded, the disc springs 102,104 may possi 
bly be diametrically displaced across the clearances C. as 
indicated by A in FIG.9C of the accompanying drawings. 
0011. If the disc springs 102, 104 are displaced as indi 
cated by A, then the disc springs 102, 104 tend to suffer 
irregular sliding resistance each time they are expanded and 
compressed. Therefore, the stroke vs. stepping force charac 
teristics undergo complex changes each time the disc springs 
102, 104 are compressed, and become unstable. The simple 
face-to-face placement of the disc springs 102,104 makes it 
difficult to manage or hold them in a stable stacked state, and 
results in change in the spring characteristics of the disc 
springs 102, 104 each time they are expanded and com 
pressed. The changing spring characteristics cause unwanted 
differences between individual cylinder mechanisms. 

SUMMARY OF THE INVENTION 

0012. It is a general object of the present invention to 
provide a cylinder mechanism which employs a reduced 
number of disc springs for urging a piston toward a fluid 
chamber which is defined partly by the piston for introducing 
a working fluid thereinto. 
(0013. A major object of the present invention is to provide 
a cylinder mechanism which has stable spring characteristics. 
0014. According to an aspect of the present invention, 
there is provided a cylinder mechanism comprising a hous 
ing, a piston slidably held in the housing for defining a fluid 
chamber for introducing a working fluid thereinto, a plurality 
of disc springs for urging the piston toward the fluid chamber, 
at least two of the disc springs having respective bottom ends 
facing each other, and a circular member having an arcuate 
surface held against respective inner surfaces of the at least 
two of the disc springs. There are also provided a pedal 
simulator comprising such a cylinder mechanism for absorb 
ing a fluid pressure generated in a pressurization chamber of 
a master cylinder by operating a brake pedal, and a brake 
apparatus comprising such a pedal simulator and a braking 
force generator for generating a braking force based on the 
fluid pressure generated by at least the master cylinder. 
(0015. According to another aspect of the present inven 
tion, there is also provided a cylinder mechanism comprising 
a housing, a piston slidably held in the housing and defining 
a fluid chamber for introducing a working fluid thereinto, a 
plurality of disc springs for urging the piston toward the fluid 
chamber, at least two of the disc springs having respective 
bottom ends facing each other, and motion preventing means 
for preventing the at least two of the disc springs from moving 
in a direction perpendicular to an axial direction of the disc 
springs. 
0016 Since at least two of the disc springs have respective 
bottom ends facing each other, and are not oriented in the 
same direction in their stack, the upper end of one of the disc 
springs is not embedded in the bottom end of an adjacent one 
of the disc springs. Therefore, the assembly of the disc springs 
provides a sufficient stroke with a reduced number of disc 
springs. Furthermore, inasmuch as the disc springs with their 
respective bottom ends facing each other are prevented by the 
circular member or the motion preventing means from being 
moved or shifted in a diametrical direction perpendicular to 
the axial direction of those disc springs, the disc springs are 
effectively prevented from changing their characteristics 
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each time they are expanded and compressed, and hence 
provide desired stable spring characteristics. Particularly, if 
the circular member is used, since the inner surfaces of the 
disc springs with their respective bottom ends facing each 
other are held against the outer arcuate circumferential Sur 
face of the circular member, the circular member can hold the 
disc springs concentrically to each other. The disc springs are 
thus held against each other in the diametrical direction per 
pendicular to the axial direction, and are effectively prevented 
from being moved or shifted in the diametrical direction. 
0017. If the circular member is movable in the axial direc 
tion and is prevented from moving in the diametrical direction 
perpendicular to the axial direction, the circular member itself 
is prevented from being moved or shifted in the diametrical 
direction. If the cylinder mechanism includes a plurality of 
sets of disc springs with their respective bottom ends facing 
each other, the sets of the disc springs are effectively pre 
vented from being shifted with respect to each other. 
0018. The above and other objects, features, and advan 
tages of the present invention will become more apparent 
from the following description when taken in conjunction 
with the accompanying drawings in which preferred embodi 
ments of the present invention are shown by way of illustra 
tive example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 is a block circuit diagram of a brake appara 
tus incorporating a pedal simulator as a cylinder mechanism 
according to an embodiment of the present invention; 
0020 FIG. 2 is an axial cross-sectional view of the cylin 
der mechanism according to the embodiment of the present 
invention; 
0021 FIG. 3A is a cross-sectional view of a first spring 
assembly of the cylinder mechanism shown in FIG. 2; 
0022 FIG. 3B is a cross-sectional view of the first spring 
assembly shown in FIG. 3A which is compressed; 
0023 FIG. 4 is a perspective view, partly in cross section, 
of the first spring assembly of the cylinder mechanism shown 
in FIG. 2; 
0024 FIG. 5 is a cross-sectional view showing the manner 
in which sets of disc springs are displaced relatively to each 
other in the first spring assembly shown in FIG. 3A; 
0025 FIG. 6A is a cross-sectional view of a first spring 
assembly of a modification of the cylinder mechanism shown 
in FIG. 3A: 
0026 FIG. 6B is a cross-sectional view of the first spring 
assembly shown in FIG. 6A which is compressed; 
0027 FIG. 7A is a cross-sectional view showing the man 
ner in which a piston is retracted under a fluid pressure, 
forming a fluid chamber in the cylinder mechanism shown in 
FIG. 2: 
0028 FIG. 7B is a cross-sectional view showing the man 
ner in which the piston is further retracted from the position 
shown in FIG. 7A: 
0029 FIG. 8 is a graph showing the relation between the 
stepping force on the pedal and the piston stroke; 
0030 FIG. 9A is a cross-sectional view showing disc 
springs whose respective bottom ends face each other with no 
rings interposed; 
0031 FIG.9B is a cross-sectional view showing the disc 
springs which are compressed from the position shown in 
FIG.9A, and 
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0032 FIG. 9C is a cross-sectional view showing the disc 
springs which are expanded from the position shown in FIG. 
9B. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0033 Cylinder mechanisms according to preferred 
embodiments of the present invention in combination with a 
brake apparatus incorporating pedal simulators each as a 
cylinder mechanism will be described in detail below with 
reference to the accompanying drawings. 
0034) First, a brake apparatus of a vehicle incorporating 
pedal simulators each as a cylinder mechanism according to 
the present invention will be described below. FIG. 1 is a 
block circuit diagram of a brake apparatus 10 incorporating 
pedal simulators 13L. 13R each as a cylinder mechanism 11 
according to an embodiment of the present invention. 
0035. The brake apparatus 10 is mounted on a vehicle such 
as an automobile or the like. The brake apparatus 10 includes 
braking force generators (calipers, wheel cylinders, brake 
cylinders) 14L, 14R on a left wheel LW and a right wheel RW. 
In response to the drivers (operators) operation on a pedal 
(brake pedal) 12, the braking force generators 14L, 14R grip 
respective disks 15L, 15R on the wheels LW. RW to generate 
braking forces to brake the vehicle. In FIG. 1, only the left 
wheel LW and the right wheel RW are shown as front wheels 
of the vehicle; and rear wheels are omitted from illustration. 
However, the brake apparatus 10 includes components, simi 
lar to those combined with the front wheels, i.e., the left wheel 
LW and the right wheel RW, associated with the rear wheels. 
Those components associated with the left wheel LW are 
denoted by reference characters with a suffix “L’, and those 
components associated with the right wheel RW are denoted 
by reference characters with a suffix “R”. When the compo 
nents associated with the left and right wheels RW. LW are 
collectively referred to, the suffixes “L”, “R” are omitted in 
the description. 
0036. The brake apparatus 10 has a pedal 12 which is 
operated by the driver to brake the vehicle, a master cylinder 
16 actuatable in response to the operation of the pedal 12, and 
motor cylinders (fluid pressure generators, caliper cylinders) 
18L, 18R for applying a fluid pressure to cause the braking 
force generators 14L, 14R to generate braking forces. Some 
components of the brake apparatus 10 are electrically con 
nected to an ECU 20 as a controller and are controlled by the 
ECU 20. 
0037 Specifically, the brake apparatus 10 comprises a 
fluid pressure (oil pressure) system interconnecting compo 
nents in fluid pressure (oil pressure) transmitting relation, and 
an electric system electrically interconnecting components 
and the ECU 20. In FIG. 1, the fluid pressure system has 
passages (fluid passages) indicated by the Solid lines and the 
electric system has passages (signal lines) indicated by the 
dotted lines. The fluid pressure system is filled up with a fluid 
such as a brake fluid. 
0038. As shown in FIG. 1, the pedal 12 has a pedal opera 
tion information detector 22 for detecting a force (stepping 
force) with which the driver steps on the pedal 12 and a depth 
(controlled variable, stroke) to which the pedal 12 is 
depressed by the driver. The pedal operation information 
detector 22 supplies detected values to the ECU 20. The pedal 
operation information detector 22 may comprise a torque 
sensor, for example, mounted on the Surface of the pedal 12 
for detecting the stepping force, and a potentiometer (rotary 
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potentiometer), for example, for detecting the stroke. The 
pedal operation information detector 22 may be arranged to 
detect the stepping force only. 
0039. An electric actuator (actuator, reactive force motor) 
24 is coupled to a pivot shaft on the proximal end of the pedal 
12. The electric actuator 24 serves to adjust a reactive force 
generated against the depression of the pedal 12 by the driver 
and also to adjust the position of the pedal 12 under the 
control of the ECU 20. The electric actuator 24 can apply a 
torque to the pedal 12, and hence can function as the pedal 
operation information detector 22 for detecting the stepping 
force on the pedal 12. 
0040. The master cylinder 16 comprises two pistons 26L, 
26R disposed axially in tandem in a cylinder 16a, a rod 28 
having a rear end coupled to the pedal 12 for moving the 
pistons 26L, 26R axially back and forth, and two pressuriza 
tion chambers 30L, 30R defined in the cylinder 16a by the 
pistons 26L, 26R. The pressurization chambers 30L, 30R 
house respective return springs (resilient members)32L, 32R 
therein for returning the pistons 26L, 26R to their home 
positions after the pistons 26L, 26R have been moved forward 
by the pedal 12 depressed by the driver. 
0041. The pressurization chambers 30L, 30R are con 
nected respectively to the braking force generators 14L, 14R 
by main passages 33L, 33R. 
0042. The motor cylinders 18L, 18R have respective pis 
ton rods 34L, 34R having rear ends connected to respective 
brake motors (caliper motors) 36L, 3.6R for moving respec 
tive pistons 38L, 38R back and forth in respective cylinders 
40L, 40R. The motor cylinders 18L, 18R also have respective 
pressurization chambers 42L, 42R defined in the cylinders 
40L, 40R by the respective pistons 38L,38R. The pressuriza 
tion chambers 42L, 42R are connected respectively to the 
main passages 33L, 33R through passages 44L, 44R. There 
fore, the pressurization chambers 42 of the motor cylinders 18 
are connected to the braking force generators 14. 
0043. The pedal simulators (P.S.) 13L. 13R, each serving 
as the cylinder mechanism 11 according to the present 
embodiment, are connected by respective passages 4.6L, 46R 
to portions of the main passages 33L, 33R which lie closer to 
the master cylinder 16 than the passages 44L, 44R. 
0044) The pressurization chambers 30L,30R of the master 
cylinder 16 are held in fluid communication with respective 
passages 54L, 54R that are connected to a reservoir tank 52. 
The reservoir tank 52 has a function to regulate the fluid 
pressure (fluid amount) in the fluid pressure system of the 
brake apparatus 10. The reservoir tank 52 is connected to 
auxiliary passages 56L, 56R that are held in fluid communi 
cation with the pressurization chambers 42L, 42R of the 
motor cylinders 18L, 18R. The passages 54L, 54R and the 
auxiliary passages 56L, 56R are joined to each other before 
the passages 54L, 54R and the auxiliary passages 56L, 56R 
are connected to the reservoir tank 52. 

0045. The passages 54 connected to the reservoir tank 52 
have open ends held in fluid communication with the pres 
surization chambers 30 at positions close to the home posi 
tions of the pistons 26. When the pistons 26L, 26R are moved 
even slightly from their home positions, the open ends of the 
passages 54L, 54R are closed, shutting off the passages 54.L. 
54R between the pressurization chambers 30L, 30R and the 
reservoir tank 52. The auxiliary passages 56 are constructed 
similarly to the passages 54. In other words, when the pistons 
38L,38R are moved even slightly from their home positions, 
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the auxiliary passages 56L, 56R are shut off between the 
pressurization chambers 42L, 42R and the reservoir tank 52. 
0046. To the main passages 33L, 33R, there are respec 
tively connected master cylinder pressure sensors 58L, 58R, 
fail-safe valves 60L, 60R, and brake pressure sensors (caliper 
pressure sensors) 62L. 62R which are successively arranged 
in the order named from the pressurization chambers 30L, 
30R. Brake valves (caliper valves) 64L, 64R are connected 
respectively to the passages 44L, 44R. Simulator valves (PS 
valves) 66L, 66R are connected respectively to the passages 
46L, 46R. 
0047. The fail-safe valves 60 are positioned between the 
joints between the main passages 33 and the passages 44 and 
the joints between the main passages 33 and the passages 46. 
The fail-safe valves 60 open or close the main passages 33 
when solenoids 60a thereof are energized by the ECU 20. 
Similarly, the brake valves 64 open or close the passages 44 
when solenoids 64a thereofare energized by the ECU 20, and 
the simulator valves 66 open or close the passages 46 when 
solenoids 66a thereof are energized by the ECU 20. 
0048 For the sake of brevity, signal lines extending from 
the master cylinder pressure sensors 58 and the brake pressure 
sensors 62 to the ECU 20 and also signal lines extending from 
the solenoids 60a, 64a, 66a to the ECU 20 are omitted from 
illustration in FIG. 1. 

0049. In the above-constructed brake apparatus 10, nor 
mally, the operation information of the pedal 12 is detected by 
the pedal operation information detector 22 and Supplied to 
the ECU 20. Based on a command from the ECU 20, the 
motor cylinders 18 are actuated to cause the braking force 
generators 14 to generate braking forces, thereby braking the 
vehicle. The brake apparatus 10 is thus constructed as a sys 
tem based on the by-wire technology (brake-by-wire system). 
0050. When the brake-by-wire system of the brake appa 
ratus 10 is in normal operation, i.e., when the brake-by-wire 
system is on, the ECU 20 opens the brake valves 64 and the 
simulator valves 66 and closes the fail-save valves 60. 

0051. When the driver operates the pedal 12, a fluid pres 
sure is generated in the pressurization chambers 30 of the 
master cylinder 16. The fluid pressure is supplied to the pedal 
simulators 13, each serving as the cylinder mechanism 11, to 
enable the pedal simulators 13 to generate reactive forces. 
0.052 At the same time, the operation information (step 
ping force, stroke) of the pedal 12 is supplied from the pedal 
operation information detector 22 to the ECU 20, which 
actuates the motor cylinders 18 based on the operation infor 
mation. Fluid pressures generated by the motor cylinders 18 
are applied to the braking force generators 14, which generate 
braking forces, thereby braking the left wheel LW and the 
right wheel RW. 
0053 When the brake-by-wire system of the brake appa 
ratus 10 is not in normal operation, i.e., when the brake-by 
wire system is offbecause the ignition switch is turned off, or 
the brake-by-wire system is defective, for example, the ECU 
20 opens the fail-safe valves 60 and closes the brake valves 64 
and the simulator valves 66 (see FIG. 1). 
0054 When the driver depresses the pedal 12 at this time, 
the pressurization chambers 30 of the master cylinder 16 
develop a fluid pressure which is applied to the braking force 
generators 14. The braking force generators 14 generate brak 
ing forces to brake the left wheel LW and the right wheel WR. 
At this time, the master cylinder 16 generates and applies a 
reactive force to the pedal 12. 
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0055. The brake apparatus 10 allows the initial position of 
the pedal 12 to be changed. Specifically, when the initial 
position of the pedal 12 is to be changed, the driver first turns 
on a position changing switch 68 which causes the ECU 20 to 
open the fail-safe valves 60 and the brake valves 64 and close 
the simulator valves 66. 
0056. Then, the driver operates the position changing 
switch 68 to cause the ECU 20 to energize the electric actua 
tor 24 to move the pedal 12. When, the initial position of the 
pedal 12 is thus changed, as the pedal 12 is moved by the 
electric actuator 24, the pistons 26 of the master cylinder 16 
are moved, applying a corresponding fluid pressure, i.e., dis 
placing a corresponding fluid amount, through the main pas 
sages 33 and the brake valves 64 to the pressurization cham 
bers 42 of the motor cylinders 18. The fluid pressure which 
corresponds to the movement of the pistons 26 returns 
through the auxiliary passages 56 to the reservoir tank 52. 
0057 When the brake-by-wire system is on, the pedal 
simulators 13 apply a reactive force to the pedal 12. There 
fore, the stroke VS. stepping force characteristics of the pedal 
12 reflect the characteristics of the cylinder mechanisms 11 
serving as the pedal simulators 13. The cylinder mechanisms 
11 are required to have characteristics that are stable and free 
of time-dependent changes and also have Substantially the 
same characteristics for the same type of vehicles on which 
the brake apparatus 10 is mounted. At the same time, it is 
important that the cylinder mechanisms 11 have nonlinear 
stroke VS. Stepping force characteristics such that the pedal 
operating torque (stepping-resistant rigidity) is Smaller when 
the pedal 12 starts being depressed and greater as the pedal is 
progressively depressed, thereby giving the driver a natural 
operational feeling in operating the pedal 12. 
0058. The cylinder mechanisms 11 according to the 
present embodiment will be described below with reference 
to FIGS. 2 through 8. Since the two cylinder mechanisms 11 
are identical to each other, one of them will be described in 
detail. FIG. 2 is an axial cross-sectional view of the cylinder 
mechanism 11 according to the present embodiment of the 
present invention. 
0059. As shown in FIG. 2, the cylinder mechanism 11 
includes a hollow cylindrical housing 70 and a piston 72 
slidably held in the housing 70. The housing 70 has an open 
end 70a which is open in the direction indicated by the arrow 
X1, the open end 70a being closed by a plug (lid member) 74 
fitted therein. The plug 74 has an axial through hole 74a 
defined therein in the directions indicated by the arrow X. The 
through hole 74a is open toward (communicates with) a hole 
74b defined in the plug 74 in the direction indicated by the 
arrow X2, the hole 74b being larger in diameter than the 
through hole 74a. The piston 72 is slidably inserted in the hole 
74b for axial sliding movement in the directions indicated by 
the arrow X. Therefore, the hole 74b serves as a cylinder for 
allowing the piston 72 to slide axially back and forth therein. 
When a working fluid, e.g., the brake fluid of the brake appa 
ratus 10, is introduced from a passage 75 connected to the 
outer end face of the plug 74 into the through hole 74a, the 
fluid pressure of the working fluid is transmitted to a tip end 
face (acting face) 72a of the piston 72 which faces the through 
hole 74a. Under the fluid pressure of the working fluid acting 
through the through hole 74a, the piston 72 is retracted in the 
direction indicated by the arrow X2. Alternatively, the piston 
72 is advanced in the direction indicated by the arrow X1 
under the bias of first and second spring assemblies 82a, 84a 
to be described later. At any rate, a fluid chamber 73 supplied 
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with the working fluid is defined between the tip end face 72a 
and the plug 74 (see FIG. 7A). 
0060. The piston 72 has a recess 72b of a relatively large 
diameter defined in the other end face thereof and opening in 
the direction indicated by the arrow X2, and a recess 72c 
defined in the bottom of the recess 72b and having a diameter 
smaller than the recess 72b. 
0061 The plug 74 includes a sleeve 74c projecting axially 
in the direction indicated by the arrow X2. The hole 74b in 
which the piston 72 is held is defined by the inner circumfer 
ential surface of the sleeve 74c. The sleeve 74c has an outer 
circumferential surface slidably held in a recess 76a defined 
in a transmitter 76 which divides the interior space of the 
housing 70 in the directions indicated by the arrow X. The 
transmitter 76 comprises a bottomed hollow cylinder defining 
the recess 76a therein which extends toward its bottom in the 
direction indicated by the arrow X2. The transmitter 76 also 
has a flange 76b extending radially outwardly from the edge 
of the open end of the recess 76a. 
0062. A disk-shaped support member 78 is seated on the 
bottom of the recess 76a of the transmitter 76 and includes a 
Support shank (Support rod) 80 projecting centrally axially 
toward the piston 72 in the direction indicated by the arrow 
X1. Between the support shank 80 and the recess 72b of the 
piston 72, there are held a first spring assembly 82a for urging 
the piston 72 in the direction indicated by the arrow X1. 
0063 A second spring assembly 84a is disposed on the 
side of the flange 76b in the direction indicated by the arrow 
X2 for urging the transmitter 76 in the direction indicated by 
the arrow X1. The second spring assembly 84a has opposite 
axial ends held respectively by a plug (lid member) 86 which 
closes another open end 70b of the housing 70 which is open 
in the direction indicated by the arrow X2, and the flange 76b 
of the transmitter 76. The second spring assembly 84a is 
radially held by the housing 70 and the transmitter 76. 
According to the present embodiment, the spring constant of 
the second spring assembly 84a is higher than the spring 
constant of the first spring assembly 82a. A damper (rubber 
member) 88 is centrally fitted in the plug 86 for preventing the 
transmitter 76 from producing undue noise or being damaged 
when the transmitter 76 is displaced greatly in the direction 
indicated by the arrow X2 and then collides against the plug 
86. 

0064 Structural details of the first and second spring 
assemblies 82a, 84a for urging the piston 72 will be described 
below with reference to FIGS. 3A, 3B, and 4. FIG. 3A is a 
cross-sectional view of the first spring assembly 82a. FIG.3B 
is a cross-sectional view of the first spring assembly 82a 
shown in FIG. 3A which is compressed. FIG. 4 is a perspec 
tive view, partly in cross section, of the first spring assembly 
82a. The first spring assembly 82a and the second spring 
assembly 84a are basically similar to each other in structure 
except for their inside and outside diameters, spring con 
stants, and the manner in which they are held in position. 
Therefore, only the first spring assembly 82a will be 
described in specific detail below, and the second spring 
assembly 84a will not be described in specific detail below. 
0065. As shown in FIGS. 3A and 4, the first spring assem 
bly 82a (or the second spring assembly 84a) comprises a 
plurality of alternately successive disc springs 90,92 each of 
a frustoconical shape having open upper and bottom ends. 
The disc springs 90.92 have their bottom ends (upper ends) 
facing each other and are disposed around the Support shank 
80 (the disc springs 90.92 of the second spring assembly 84a 
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are disposed around the transmitter 76). Specifically, the disc 
springs 90 have their frustoconical shapes oriented upwardly, 
and the other disc springs 92 have their frustoconical shapes 
oriented downwardly, i.e., in a direction reverse to the disc 
springs 90. The disc springs 90.92 are provided in a plurality 
of sets (three sets in the present embodiment). The disc 
springs 90 and the disc springs 92 are identical to each other 
in shape and spring constant, but are oriented differently from 
each other. 
0066 Rings (circular members) 94 disposed around the 
support shank 80 are provided within the disc springs 90,92 
in the sets whose bottom ends face each other. The rings 94 
are doughnut-shaped and have outer arcuate circumferential 
Surfaces (curved surfaces) held against inner slanted Surfaces 
90a,92a of the disc springs 90,92. Insofar as the rings 94 have 
arcuate surfaces held against the inner Slanted Surfaces 90a, 
92a, the rings 94 may have a circular cross section, an ellip 
tical cross section, or a rectangular cross section whose cor 
ners are curved. 
0067. As shown in FIG.3B, when the first spring assembly 
82a is compressed by the piston 72 which is pushed under a 
fluid pressure, the disc springs 90,92 in the sets are caused to 
flex axially about the points of contact between the inner 
slanted surfaces 90a, 92a and the outerarcuate circumferen 
tial surfaces of the rings 94. Since the disc springs 90, 92 in 
each of the sets are held against the outer arcuate circumfer 
ential Surfaces of the corresponding ring 94, the disc springs 
90.92 are positioned concentrically to each other and held to 
each otherina diametrical direction perpendicular to the axial 
direction thereof. The disc springs 90, 92 in each of the sets 
are thus prevented from being moved or shifted in the dia 
metrical direction relatively to each other and kept concentri 
cally to each other. Accordingly, even when the first spring 
assembly 82a is repeatedly expanded and compressed, it is 
prevented from changing its characteristics each time it is 
expanded and compressed and hence provides desired stable 
spring characteristics. Stated otherwise, the rings 94 function 
as a means for preventing the disc springs 90,92 in each of the 
sets from being moved or shifted in the diametrical direction 
perpendicular to the axial direction thereof (a motion prevent 
ing means or a shift preventing means). 
0068. In the first spring assembly 82a (the second spring 
assembly 84a) with the rings 94 included therein, though the 
disc springs 90, 92 in each set are prevented by the ring 94 
from being moved or shifted in the diametrical direction 
relatively to each other, the sets of the disc springs 90.92 may 
possibly be slightly shifted with respect to each other. Spe 
cifically, when the first spring assembly 82a and the second 
spring assembly 84a are compressed, the rings 94 disposed in 
the respective sets are slightly moved diametrically. For 
example, as shown in FIG. 5, the disc spring 92 of one of the 
sets and the disc spring 90 of another set held in contact 
therewith may possibly be shifted as indicated by A. 
0069 FIGS. 6A and 6B show one solution to the above 
problem according to a modification of the cylinder mecha 
nism 11. As shown in FIGS. 6A and 6B, the cylinder mecha 
nism 11 includes a first spring assembly 82b (a second spring 
assembly 84b) which employs flat rings (circular members) 
96 in place of the rings 94 of the first and second spring 
assemblies 82a, 84a. 
0070. The rings 96 of the first spring assembly 82b (the 
second spring assembly 84b) have inner holes 96a through 
which the support shank 80 (the transmitter 76) is inserted, 
the inner holes 96a having a diameter smaller than the inner 
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holes of the rings 94. Therefore, the rings 96 disposed within 
the disc springs 90, 92 are prevented reliably from being 
moved or shifted in the diametrical direction perpendicular to 
the axial direction thereof. In the first spring assembly 82b 
(the second spring assembly 84b), the rings 96 are effective to 
reliably prevent the sets of the disc springs 90.92 from being 
relatively shifted in the diametrical direction. Even though the 
first spring assembly 82b (the second spring assembly 84b) 
comprising a plurality of stacked sets of disc springs 90.92, is 
repeatedly expanded and compressed, the first spring assem 
bly 82b (the second spring assembly 84b) provides desired 
stable spring characteristics. 
(0071. The inner holes 96a of the rings 96 need to provide 
a minimum clearance around the Support shank 80 (the trans 
mitter 76) which is large enough to allow the rings 96 to move 
along the support shank 80 (the transmitter 76) when the first 
spring assembly 82b (the second spring assembly 84b) is 
expanded and compressed. The rings 96 are not essentially 
shifted in the diametrical direction, but are allowed by the 
clearance to move in the diametrical direction by a distance 
not large enough to adversely affect the spring characteristics 
of the first spring assembly 82b (the second spring assembly 
84b). 
0072 Each of the cylinder mechanisms 11 is basically 
constructed as described above. Operation of the cylinder 
mechanism 11 will be described below. When the working 
fluid flows from the passage 75 through the through hole 74a, 
the fluid pressure of the working fluid is transmitted to the tip 
end face 72a of the piston 72, which is slidingly retracted in 
the direction indicated by the arrow X2 against the bias of the 
first spring assembly 82a (the first spring assembly 82b). As 
the piston 72 is progressively retracted, the fluid chamber 73 
into which the working fluid is introduced is formed between 
the tip end face 72a and the plug 74 (see FIG. 7A). In the brake 
apparatus 10, the working fluid is the brake fluid supplied 
from the master cylinder 16, and the passage 75 corresponds 
to the passage 46 (see FIG. 1). 
(0073. As the piston 72 is further retracted in the direction 
indicated by the arrow X2 under the fluid pressure of the 
working fluid, the piston 72 abuts or bottoms against the 
support member 78 (see FIG. 7A). Then, the second spring 
assembly 84a (the second spring assembly 84b) starts to bias 
the piston 72, and the piston 72 is slidingly retracted in the 
direction indicated by the arrow X2 against the bias of the 
second spring assembly 84a (the second spring assembly 
84b) (see FIG. 7B). 
0074 Each of the first spring assembly 82a (the first spring 
assembly 82b) and the second spring assembly 84a (the sec 
ond spring assembly 84b) comprises a plurality of Stacked 
disc springs 90, 92 each having nonlinear stroke VS. stepping 
force characteristics. When the disc springs 90.92 are caused 
to flex upon depression of the pedal 12, they generate repul 
sive forces and also apply the sliding resistance to the piston 
72 which progressively increases as the disc springs 90.92 are 
more compressed. With the cylinder mechanisms 11 being 
used as the pedal simulators 13 in the brake apparatus 10, the 
stepping force (reactive force) on the pedal 12 increases as the 
depressed stroke of the pedal 12 increases (see the solid-line 
curve B1 in FIG. 8). When the pedal 12 is released and returns 
to its original position, the sliding resistance applied by the 
disc springs 90, 92 decreases as they are more expanded. 
Upon return of the pedal 12, therefore, the stroke vs. stepping 
force characteristics of the disc springs 90,92 exhibit hyster 
esis (see the broken-line curveb2 in FIG. 8). Accordingly, the 
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pedal simulators 13 in the form of the cylinder mechanisms 
11 have optimum nonlinear stroke VS. stepping force charac 
teristics as shown in FIG. 8, thereby giving the driver a natural 
operational feeling in operating the pedal 12. 
0075 Each of the cylinder mechanisms 11 includes, in 
addition to the first spring assembly 82a (82b), the second 
spring assembly 84a (84b) having a spring constant greater 
than the first spring assembly 82a (82b). Since the piston 72 
is biased in two stages by these two spring assemblies having 
different spring constants, the stroke VS. Stepping force char 
acteristics of the cylinder mechanism 11 are made suitable for 
the pedal 12. 
0076. In the cylinder mechanisms 11, the disc springs 90. 
92 in each set have bottom ends (upper ends) facing each 
other and held against each other. Since the disc springs 90,92 
are not oriented in the same direction in their stack, the upper 
end of one of the disc springs 90, 92 is not embedded in the 
bottom end of an adjacent one of the disc springs 90, 92. 
Therefore, the first spring assembly 82a (the first spring 
assembly 82b) and the second spring assembly 84a (the sec 
ond spring assembly 84b) provide a sufficient stroke with a 
reduced number of disc springs 90,92, and can be manufac 
tured at a reduced cost. 
0077. The rings 96 shown in FIGS. 6A and 6B are more 
effective than the rings 94 shown in FIGS. 3A and 3B to 
prevent the disc springs 90, 92 from being shifted diametri 
cally. The rings 94 can also be effectively used in the case 
where each spring assembly comprises only one set of disc 
springs 90, 92 and hence is free from a diametrical shift 
between sets of disc springs 90,92, and also in some condi 
tions in which the cylinder mechanism 11 is used. 
0078. In the brake apparatus 10 incorporating the pedal 
simulators 13 in the form of the cylinder mechanisms 11 
according to the present invention, the reactive forces gener 
ated by the pedal simulators 13 so as to act on the pedal 12 
may be corrected by the electric actuator 24 based on the 
stepping force that is detected by the pedal operation infor 
mation detector 22, thereby providing more effective stroke 
VS. stepping force characteristics for the pedal 12. 
007.9 The cylinder mechanisms 11 according to the 
present invention are not limited to being used as the pedal 
simulators 13, and the brake apparatus 10 is not limited to the 
structure shown in FIG. 1. 
0080. Although certain preferred embodiments of the 
present invention have been shown and described in detail, it 
should be understood that various changes and modifications 
may be made therein without departing from the scope of the 
appended claims. 

What is claimed is: 
1. A cylinder mechanism comprising: 
a housing: 
a piston slidably held in said housing and defining a fluid 
chamber for introducing a working fluid thereinto: 
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a plurality of disc springs for urging said piston toward said 
fluid chamber, at least two of said disc springs having 
respective bottom ends facing each other, and 

a circular member having an arcuate surface held against 
respective inner Surfaces of said at least two of said disc 
springs. 

2. A cylinder mechanism according to claim 1, wherein 
said circular member is movable in an axial direction thereof 
and is prevented from moving in a direction perpendicular to 
said axial direction. 

3. A cylinder mechanism comprising: 
a housing: 
a piston slidably held in said housing and defining a fluid 

chamber for introducing a working fluid thereinto: 
a plurality of disc springs for urging said piston toward said 

fluid chamber, at least two of said disc springs having 
respective bottom ends facing each other, and 

motion preventing means for preventing said at least two of 
said disc springs from moving in a direction perpendicu 
lar to an axial direction of said disc springs. 

4. A cylinder mechanism according to claim 1, wherein 
said disc springs make up a first spring assembly comprising 
a plurality of said disc springs and seated on a member, and a 
second spring assembly comprising a plurality of said disc 
springs and operatively coupled to said first spring assembly 
by said member, and wherein said piston is biased toward said 
fluid chamber at least by said first spring assembly and said 
second spring assembly. 

5. A cylinder mechanism according to claim 4, wherein 
said second spring assembly has a spring constant greater 
than said first spring assembly. 

6. A cylinder mechanism according to claim 5, wherein 
when said piston is moved under the fluid pressure of said 
working fluid to define said fluid chamber, said first spring 
assembly is compressed and thereafter said second spring 
assembly is compressed through said member. 

7. A pedal simulator comprising a cylinder mechanism for 
absorbing a fluid pressure generated in a pressurization cham 
ber of a master cylinder by operating a brake pedal, wherein 
said cylinder mechanism comprises: 

a housing: 
a piston slidably held in said housing and defining a fluid 

chamber for introducing a working fluid thereinto: 
a plurality of disc springs for urging said piston toward said 

fluid chamber, at least two of said disc springs having 
respective bottom ends facing each other, and 

a circular member having an arcuate surface held against 
respective inner Surfaces of said at least two of said disc 
springs. 

8. A brake apparatus comprising: 
a pedal simulator according to claim 7; and 
a braking force generator for generating a braking force 

based on the fluid pressure generated by at least said 
master cylinder. 


