
SPECIFICATION 

TITLE OF THE INVENTION 

ESCALATOR STEP AND ESCALATOR HAVING THEREOF 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is based upon and claims 

the benefit of priority from the prior Japanese 

Patent Application No. 	2014-46998 	filed on March 

10, 	2014, 	the entire contents of which are 

incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates to an 

escalator step and an escalator having thereof. 

BACKGROUND 

There are many accidents such that a 

passenger falls down on an escalator. 

Particularly, 	collision of 	a body, 	especially, 	a 

head with a corner where the tread and the riser 

of a step intersect may cause a major injury. 

Therefore, 	there 	is need for a safe escalator to 

absorb collision energy generated when a 

passenger falls down and hits his or her head 
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against the corner, 	thereby avoiding a serious 

injury. 	While the escalator prevents 	the 

passenger from suffering a serious injury when he 

or she falls down, 	it 	should not have a structure 

that encourages the passenger to fall down in a 

normal use state. 

As a means for preventing the passenger from 

suffering a serious 	injury when his or her body 

collides with the corner, 	an escalator step in 

which a cleat strip made of a flexible polymeric 

material is mounted on a tread part corresponding 

to the corner is proposed 	(Patent Document 	1: 	Jpn. 

Pat. 	Appin. 	Laid-Open 	Publication No. 	04-77582). 

That 	is, 	Patent Document 	1 discloses 	that by 

mounting a cleat strip made of a flexible 

polymeric material on a tread part corresponding 

to the corner, 	the degree of an injury can be 

reduced even if a passenger falls down on a step 

and hits his or her body against the corner of 

the 	step. 

However, 	Patent Document 1 discloses 	that a 

cleat 	strip made of a 	flexible polymeric material 

is mounted on a tread part corresponding to the 

corner of the step of 	the escalator but does not 

concretely describe the type and hardness of a 

material of the cleat 	strip to be used for 
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preventing an injury of the passenger when he or 

she 	falls 	down. 	Thus, 	in the escalator step 

described in Patent Document 	1, 	it 	is 	difficult 

to reliably prevent an injury of 	the passenger, 

particularly, 	a serious head injury when he or 

she 	falls 	down. 

As described above, 	the escalator 	step is 

required to absorb collision energy generated 

when the passenger falls down and hits his or her 

head, 	which is 	the most important part of 	the 

human body, 	against the corner, 	so as 	to avoid a 

serious 	injury. 	At 	the same 	time, 	the 	escalator 

step should not have such a flexible structure 

that encourages the passenger to fall down in a 

normal use state. 	That is, 	the 	cleat needs to 

have enough hardness so as not to be buckled by a 

load applied thereto when the passenger stands on 

the 	cleat or walk on the cleat. 

SUMMARY 

The present invention has been made to solve 

the above problem, 	and an object thereof 	is to 

provide a safe escalator step and an escalator 

having thereof that can reliably prevent a 

passenger from suffering a serious injury even 

when he or she falls down and hits his or her 
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head against a step corner and that does not 

encourage falling of the passenger even in a 

normal use state by selecting a material of a 

shock absorbing cleat provided at the corner of 

the escalator step and material 	characteristics 

thereof. 

An escalator step of a first embodiment of 

the present invention is characterized by 

including: 	a tread that includes a body section 

where a plurality of convex sections, 	which are 

parallel 	in a travelling direction, 	are arranged 

in a width direction; 	a riser that is coupled at a 

rear end portion of the body section of the tread 

and on which a plurality of convex sections are 

arranged in a width direction, 	with concave 

sections being formed between adjacent convex 

sections; 	and a shock absorbing cleat 	that is 

provided in a notch which is 	formed in a corner 

portion where the riser and the tread are coupled 

together, 	wherein, 	on the 	shock absorbing cleat, 	a 

plurality of 	convex sections, 	which are parallel 

in a travelling direction, 	are arranged in a width 

direction, 	rear end surfaces are flush with 

concave 	sections of 	the riser, 	each of the convex 

sections of the 	shock absorbing cleat is disposed 
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in such a way as to be shifted a half pitch from 

each of 	the convex sections of the riser, 	and the 

shock absorbing cleat is made from a polymeric 

material having a Young's modulus of 	1,000 MPa or 

less. 

According to the present invention, 	it 	is 

possible to provide, 	at 	low cost, 	a safe escalator 

that can reliably prevent a passenger from 

suffering a serious 	injury even when he or she 

falls down and hits his or her head against a step 

corner and that does not encourage 	falling of the 

passenger even in a normal use state by a simple 

production step of mold processing of a polymeric 

material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 	1 	is a side view illustrating an 

escalator step; 

FIG. 	2 	is 	a partially cut perspective view 

partially illustrating a vicinity of a corner of 

the escalator step; 

FIG. 	3 	is 	a partially cut exploded 

perspective view illustrating the vicinity of the 

corner of the escalator step; 

FIG. 	4 	is 	a perspective view of the 	shock 

absorbing cleat according to the first embodiment 



seen from the 	top; 

FIG. 	5 	is an explanatory view for explaining 

an injury risk curve; 

FIG. 	6 	is an exemplary view illustrating an 

HIC calculation model; 

FIG. 	7 	is a side view explaining a situation 

in which a passenger on an escalator falls down; 

FIG. 	8 	is a perspective overall view 

illustrating an analysis model; 

FIG. 	9 	is a perspective view illustrating a 

part of the analysis model in an enlarged manner; 

FIG. 	10 	is a side view of 	the analysis 

model; 

FIG. 	11 	is an exemplary view explaining an 

application state of a load to the analysis 

model; 

FIG. 	12 is an exemplary view explaining the 

load application state in the analysis model; 

FIG. 	13 	is a perspective view explaining the 

load application state 	in the analysis model; 

FIG. 	14 	is 	a perspective view explaining the 

load application state in the analysis model; 

FIG. 	15 	is perspective view illustrating an 

analysis result of 	Case 	(1) 	in a case where 	a 

head collides with one convex section; 

FIG. 	16 	is perspective view illustrating an 
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analysis result of 	Case 	(2) 	in the case where a 

head collides with one convex section; 

	

FIG. 	17 	is perspective view 	illustrating an 

	

analysis 	result of 	Case 	(3) 	in the case where a 

head collides with one convex section; 

	

FIG. 	18 	is perspective view 	illustrating an 

	

analysis 	result 	of 	Case 	(4) 	in the 	case where a 

head collides with one convex section; 

FIG. 	19 	is perspective view 	illustrating an 

analysis result of 	Case 	(1) 	in a case where a 

head collides with two convex sections; 

	

FIG. 	20 	is perspective view illustrating an 

	

analysis 	result of 	Case 	(2) 	in the 	case where a 

head collides with two convex sections; 

	

FIG. 	21 	is perspective view 	illustrating an 

	

analysis 	result 	of 	Case 	(3) 	in the case where a 

head collides with two convex sections; 

	

FIG. 	22 	is perspective view illustrating an 

	

analysis 	result 	of 	Case 	(4) 	in the 	case where a 

head collides with two convex sections; 

FIG. 	23 	is an explanatory view illustrating 

a result of 	calculation of a motion of 	the head 

after 	the 	collision; 

FIG. 	24 	is an explanatory view in which a 

calculation result 	is plotted on the injury risk 

curve; 
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FIG. 	25 	is an explanatory view illustrating 

a relationship between the Young's modulus of a 

material and HIC when the Young's modulus of the 

	

material 	is changed; 

FIG. 	26 	is an explanatory view illustrating 

a relationship between the Young's modulus of the 

material and injury probability when the Young's 

modulus of 	the material 	is changed; 

	

FIG. 	27 	is an explanatory view in which a 

result obtained when a spring constant of the 

skull 	is 	changed is added to the result of FIG. 

25;  

FIG. 	28 	is an explanatory view in which a 

result obtained when a spring constant of the 

skull 	is changed is added to the result of FIG. 

26;  

FIG. 	29 	is an explanatory view illustrating 

a relationship between the Young's modulus of 	the 

material and HIC when the Young's modulus of the 

material and the spring constant of the skull are 

changed; 

FIG. 	30 	is an explanatory view illustrating 

a relationship between the Young's modulus of the 

material and injury probability when the Young's 

modulus of the material and the spring constant 

of the skull are changed; 	and 
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FIG. 	31 	is an explanatory view in which 

results 	illustrated 	in FIGS. 	28 	and 30 	are 

combined. 

DETAILED DESCRIPTION 

An embodiment of an escalator step will be 

described in detail below with reference 	to the 

drawings. 

(First 	Embodiment) 

A configuration of a first embodiment will 

be described with reference 	to FIGS. 	1 	to 3. 

FIG. 	1 	is 	a side view of a step 1 of an 

escalator. 	The step 1 has a tread 2 at a top 

thereof, 	on which a passenger rides to go up or 

down. 	The following description will be made by 

defining a travelling direction 	(right-hand side 

in FIG. 	1) 	as 	a 	front 	side 	when the 	step 	1 	of 	FIG. 

1 goes up, 	and defining the opposite direction 

(left-hand side 	in FIG. 	1) 	as 	a back 	side. 	A 

riser 3 	is provided at a rear end of 	the 	step 1. 

A top of the riser 3 	intersects a rear end of 	the 

tread 2 	to form a corner 	(section A of 	the 

drawing). 

FIG. 	2 	and FIG. 	3 	are partial perspective 

views illustrating a state in which the corner 
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(section A of 	FIG. 	1) 	is 	seen from the vicinity 

of a center of 	the step 1 toward a skirt guard 4. 

FIG. 	2 	illustrates a state in which a shock 

absorbing cleat 	5 	is mounted on a body section 6 

of 	the 	tread 2. 	FIG. 	3 	illustrates 	a 	state 

before the shock absorbing cleat 5 is mounted 

thereon. 

The riser 3 	is 	connected to a rear end of 

the body section 6 	of 	the tread 2. 	A notch 7 	is 

provided at an upper surface side of the rear end 

of 	the body section 6. 	A plurality of convex 

sections 8 of the body section 6 are provided at 

equal 	intervals on the upper surface of the body 

section 	6. 

On the riser 3, 	a plurality of convex 

sections 	9 are provided at equal 	intervals. 

Between the adjacent convex sections, 	a trough 10, 

which includes 	a flat 	surface, 	is 	formed. 	It 

should be noted that metallic materials, 	such as 

aluminum and stainless 	steel, 	are used for the 

body section 6 	of 	the 	tread 2 	and for the 	riser 3. 

	

On the shock absorbing cleat 5, 	convex 

sections 11, 	whose rear end surfaces are flush 

with the troughs 	10 of the riser 3, 	are provided 

at equal 	intervals. 	The 	front end surfaces of 	the 

convex sections 	11 	fit on the rear end surfaces of 
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the convex sections 	8 	of 	the body section 6 	of 	the 

tread 2. 	The 	convex sections 	11 	are disposed in 

such a way as 	to be shifted a half pitch from the 

convex sections 	9 	of 	the 	riser 3. 	Below the 

convex sections 	11, 	a base 	section 13 	is provided. 

Although only one shock absorbing cleat 5 	is 

illustrated in FIG. 	2 	and FIG. 	3, 	a plurality of 

the same shock absorbing cleats 	are practically 

arranged in a width direction of 	the 	step 1. 

Urethane rubber having significantly lower 

rigidity than metals, 	such as aluminum and 

stainless steel, 	and the resin used for 

demarcation is used for the shock absorbing cleat 

5 having the above configuration. 	This shock 

absorbing cleat 	5 can be manufactured by an 

injection molding using a known die. 

The following describes simulations on 

safety when a passenger falls down and results 

thereof in a case where urethane rubber having a 

Young's modulus of 	200 MPa is used to form the 

shock absorbing cleat 	5. 	The simulations were 

performed using HIC criterion that represents the 

degree of a head injury. 

FIG. 	4 	is a perspective view illustrating a 

structure of 	the shock absorbing cleat 5 used in 

the simulation, 	and Table 	1 	is a table 
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representing a dimensional 

of the shock absorbing cleat 

4. 	That 	is, 	width B and height 

sections 	11 of 	the shock absorbing 

distance L between adjacent 

set in the ranges shown in 

[Table 	1] 

range of each section 

5 	illustrated 	in 	FIG. 

H of convex 

	

cleat 	5 and 

convex sections are 

Table 	1. 

head injury 	(HIC) 

of an injury 

when the 

his or her head 

A of 	FIG. 	1) 	of 	the 

the head 

(hereinafter, 

The HIC is 

expression 	(1) 	where 

to the head is a 

Site Dimension 
T 2 mm to 4 mm 
L 5 mm to 7 mm 
H 10 mm to 15 mm 
B 15 mm to 45 mm 

[1] 	Criterion for evaluating 

First, 	an evaluation criterion 

and a probability of the 	injury 

passenger falls down and hits 

against the corner 	(section 

step 	1 will 	be described. 

As the criterion for evaluating 

injury, 	Head Injury Criterion 

referred to 	as 	"HIC") 	is 	known. 

calculated by the following 

an impact acceleration applied 

(t) : 
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Mt - t2  ae) 
tit 

. 	. 	. 	( 1 ) 

In the above expression, 	tl 	and t2 	each 

represent arbitrary time during impact, 	and g 

represents a gravity acceleration. 

FIG. 	5 	is a graph illustrating an injury 

risk 	curve. 	In FIG. 	5, 	a 	curve 	1101 	is 	a 	curve 

representing a probability of a mild head damage, 

a curve 1102 is a curve representing a 

probability of a moderate head damage, 	a curve 

1103 	is a curve representing a probability of 

absence of 	injury, 	a curve 	1104 	is a curve 

representing a probability of a 	fatal head damage, 

and a curve 1105 	is a curve representing a 

probability of death. 

When the HIC 	is 	identified, 	the injury 

probability can be estimated from the injury risk 

curve of 	FIG. 	5. 	The 	injury risk curve has an 

HIC value on a horizontal axis and a probability 

of 	the head injury or death on a vertical 	axis. 

Thus, 	when the HIC value 	is 	identified, 	the 

probability according to the degree of the head 

injury can be estimated from the injury risk 

curve. 	Here, 	description will be given taking 
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"mild head injury" 	represented by the curve 1101 

as an example. 	Referring to the curve 	1101, 	when 

the HIC is equal to or more than 1000, 	the head 

injury probability becomes nearly 100%, 	while 

when the HIC is equal 	to or less than 1000, 	the 

head injury probability abruptly decreases. 

[2] 	HIC calculation method and calculation model 

(calculation based on Newmark p method) 

Next, 	an HIC calculation method and a 

calculation model based on Newmark p method when 

the passenger falls down and hits his or her head 

against the 	corner 	(section A of 	FIG. 	1) 	of 	the 

step 	1 will be described. 	The Newmark p method 

(called average acceleration method) 	is an 

analysis method using numerical 	calculation 

according to vibration equation. 

FIG. 	6 	illustrates 	a calculation model. 	In 

this model, 	it 	is assumed that a spring constant 

of the shock absorbing cleat 5 disposed at the 

corner of the step 1 	is k2 and that a head having 

a mass of m falls and collides with a spring 

having the spring constant of k2. 	A symbol kl 

represents a spring constant of 	the 	skull. 

Further, 	it 	is assumed that the head 	(having a 

mass of m) 	hits against the spring at a speed of 

v and that the m moves in a state where kl and k2 
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are in a unified manner after the collision as 

illustrated in a 	right part 	of 	FIG. 	6. 

The motion of m was calculated according to 

the Newmark p method represented by the following 

expressions 	(2) 	to 	(4). 	That 	is, 	with 	a 	speed 	at 

the collision time being v, 	an initial 

displacement 	being 0, 	an initial speed X0  being 

v, 	and an initial acceleration 	0  being 0, 	the 

displacement 	of 	m 	(X), 	speed 	(*) 	thereof, 	and 

acceleration 	(i) 	thereof were 	sequentially 

calculated at 	every fixed interval. 	In the 

following 	expressions 	(2) 	to 	(4), 	an attenuation 

C and an external 	force term F are each set to 0, 

and p 	is 	set 	to 	1/6. 

t 	 At /3)At21,7  } (m+ —a+ ,CAt 2k)i 	:--- 	 — in) —  

(2) 

Fr 	2 	or 

+ Alin  ÷ (—® 3)S,t 2 X N 	Jot °xN,z. 	. 	. 	(4) 
2 

The speed v at the collision time 	is assumed 

as 	follows. 

It 	is 	assumed, 	as 	illustrated in 	FIG. 	7, 

that a person having a body length of L falls 

down in an upright position to an upper floor 
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side of an escalator ESC and collides with the 

corner 	(section A) 	of 	the 	step 	1 	as represented 

by a circular arc of 	FIG. 	7. 	Since an inclined 

angle of 	the 	escalator ESC 	is 	30°, 	the head of 

the person collides with the corner at an angle 

of 60° with respect to a horizontal plane. 	A 

fall 	length at this time 	in a vertical direction 

is half 	of 	the body length 	(L/2). 	Assuming that 

the 	speed at 	the collision time 	is v, 	when 

potential energy corresponding to the fall length 

in the vertical direction is converted into 

kinetic 	energy, 	the following expression 	(5) 	is 

satisfied and, 	consequently, 	the 	speed v at the 

collision time can be calculated by the 	following 

expression 	(6). 

L 	1 	2 	
• 	• 	• 	( 5 ) nig--

2
==--
2

Anv 

v= il gL 	• 	• 	• 	(6) 

When L is 	set to 1.72 m which is 	the average 

body length of adults and the gravity 

acceleration a  is 	set 	9.8 	m/sec2, 	v 	= 	4.11 	m/sec. 

is obtained. 

An impact on the trunk at the collision time 

is ignored since bending rigidity of the neck is 
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very small. 	Further, 	strictly speaking, 	the 

kinetic energy of the head at the collision time 

is represented by a sum of the kinetic energy of 

translational motion and the kinetic energy of 

rotational motion; 	however, 	the kinetic 	energy of 

the rotational motion is 	small and is thus 

ignored. 

When the mass m of the head, 	spring constant 

k2 	of 	the shock absorbing cleat 	5, 	and spring 

constant 	kl of the 	skull are identified, 	the HIC 

can be calculated in the way described above. 

[3] 	Analysis method of 	spring constant of shock 

absorbing cleat and results thereof 	(calculation 

based on FEM) 

In order to calculate the spring constant k2 

of 	the 	shock absorbing cleat 	5, 	an FEM 	(Finite 

Element Method) 	analysis 	is performed for four 

cases 	listed in Table 2 	to calculate displacement 

to be generated when force is applied from the 

head. 	The Young's modulus of a material 	is 	set 

to 200 MPa in each of 	the 	four cases. 	The 	spring 

constant was calculated from an applied load and 

obtained displacement. 	Descriptions 	of 	each of 

the four cases are made below. 

[Table 	2] 
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Site Case 
(1) 

Case 
(2) 

Case 
(3) 

Case 
(4) 

in 

the 

the 

of 	L 

the 

at 

Case 

(1). 

view 

side 

8, 	the 

t 4 mm 4 mm 2 mm 2 mm 
L 5 mm 5 mm 7 mm 7 mm 
H 10 mm 10 mm 10 mm 15 mm 
B 45 mm 15 mm 15 mm 15 mm 

Case 	(1): 	A model having the highest 

rigidity 	(spring constant) 	among the dimensional 

ranges of the shock absorbing cleat 5 listed 

Table 	2 	(Young's modulus of the material 	is 

fixed). 

Case 	(2): 	A model obtained by reducing 

dimensions 	of 	B 	of 	the model 	of 	Case 	(1). 

Case 	(3): 	A model obtained by reducing 

dimension of t and increasing the dimension 

of 	the model 	of 	Case 	(2). 

Case 	(4): 	A model obtained by 	increasing 

dimension of 	H 	of 	the model 	of 	Case 	(3). 

When the Young's modulus 	is 	fixed, 	the 

rigidity which is the spring constant obtained 

the time of head collision is smallest 	in 

(4), 	followed by 	Case 	(3), 	Case 	(2), 	and 	Case 

An analysis model 	of Case 	(3) 	is 	illustrated 

in 	FIGS. 	8 	to 	10. 	FIG. 	8 	is 	an overall 	view 

corresponding to the shock absorbing cleat 

illustrated 	in 	FIG. 	4, 	FIG. 	9 	is 	an enlarged 

of 	a 	section B 	of 	FIG. 	8, 	and FIG. 	10 	is 	a 

view of 	the 	section B 	of 	FIG. 	8. 	In FIG. 
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model includes entire 	length of 	the base section 

13, 	however, 	it 	includes only five of 	the 	convex 

sections 	11. 

As 	illustrated in FIG. 	10, 	the analysis 

model 	is 	inclined by 60°  with respect to a 

vertical 	axis 	(Z-axis 	of 	FIG. 	16). 	A load 

application direction when the head of a person 

collides with the step 1 	at 	an angle of 	60°  with 

respect to the horizontal plane 	corresponds to 

the Z-axis 	direction in this 	analysis model. 

The analysis model is created using a three- 

dimensional 	tetrahedral element. 	The 

displacement of nodes on the bottom surfaces of 

the base section 13 and protruding section 15 	is 

restrained. 	The Youngs modulus of the material 

is 	set 	to 	200 	MPa. 

When the head collides with the shock 

absorbing cleat 	5, 	it may collide with one convex 

section 11 	or two convex sections 	11. 	In the 

former case, 	as 	illustrated 	in FIG. 	11 	a 	load of 

100 N is 	applied in the Z-direction of 	the 

analysis model. 	In the 	latter case, 	as 

illustrated 	in 	FIG. 	12, 	a 	load 	of 	50 	N 	(F1 	in 	FIG. 

12) 	is applied to each of the two convex sections 

12 	in the Z-direction of 	the analysis model. 

However, 	in this 	case, 	with a radius of the head 
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being 	82.5 mm, 	a load F2 	is 	applied in a 

direction perpendicular to Fl so as to make a 

resultant vector of 	Fl and F2 	coincide with a 

normal direction of 	the head. 	A value of 	F2 	is 

determined by the 	radius 	(82.5 mm) 	of the head 

and a value 	of 	L 	(shown in FIG.4). 	Thus, 	F2 	is 

determined as 	F2 	= 	1.52N 	in the 	Cases 	(1) 	and 	(2) 

and 	F2 	= 	2.12N 	in 	the 	Cases 	(3) 	and 	(4). 

FIG. 	13 	illustrates an application state of 

the load in a case where the head collides with 

one convex section 11, 	and FIG. 	14 	illustrates 

the load application state in a case where the 

head collides with two convex sections 	11. 

Analyses are made under the above conditions 

to calculate a displacement 	in the Z-axis 

direction when the load is 	applied. 

Analysis 	results 	of 	the 	Cases 	(1) 	to 	(4) 

obtained in the case where the head collides with 

one convex 	section 11 	is 	illustrated in FIGS. 	15 

to 	18, 	respectively. 	Further, 	analysis 	results 

of 	the 	Cases 	(1) 	to 	(4) 	obtained 	in the 	case 

where the head collides with two convex sections 

12 	are 	illustrated in FIGS. 	19 	to 	22, 

respectively. 	In each of 	FIGS. 	15 	to 22, 	a 

circular arc 	concentrically spreading around the 

corner portion of one 	(or two) 	convex section 11 
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represents a displacement 

by the shading thereon. 

The displacement 

and spring constant 

relationship between 

are shown in Tables 

to the case where 

convex section 11, 

case where the head 

sections 	11. 

[Table 	3] 

Application of 	100 

amount 	(0 mm to 1 mm) 

obtained by the analysis 

calculated from a 

the displacement and load 

3 	and 4. 	Table 3 	corresponds 

the head collides with one 

and Table 4 corresponds to the 

collides with two convex 

N to one convex section 

Case 
(1) 

Case 
(2) 

Case 
(3) 

Case 
(4) 

Displacement 
(mm) 

0.279 0.2924 0.540 0.667 

Spring constant 
(N/mm) 

358.9 342.5 185.0 150.6 
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[Table 	4] 

Application of 	100 N to two convex sections 

Case 
(1) 

Case 
(2) 

Case 
(3) 

Case 
(4) 

Displacement 
(mm) 

0.140 0.148 0.271 0.333 

Spring constant 
(N/mm) 

715.3 674.8 369.5 300.7 

These results reveal that, 	when the Young's 

modulus 	is 	fixed 	(200 	MPa), 	the 	spring constant 

of 	the 	shock absorbing 	cleat 	5 	is 	largest 	(715.3 

N/mm) 	in Case 	(1) 	in the case where 	the head 

collides with two convex sections 	11 	and is 

smallest 	(150.6 	N/mm) 	in 	Case 	(4) 	in 	the 	case 

where the head collides with one convex section 

11. 

[4] 	Calculation conditions of HIC and calculation 

results 	thereof 

(4-1) 	In case where spring constant of 	shock 

absorbing cleat is 	smallest 	(Young's modulus 	is 

fixed) 

The spring constant of the shock absorbing 

cleat 5 is determined by the dimension of the 

shock absorbing cleat 	5 and the Young's modulus 

of 	the material to be used. 

First, 	the HIC is 	calculated for a case 

where when the Young's modulus of the material is 

fixed 	(200 MPa) 	and the 	spring constant 	of 	the 
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shock absorbing cleat 	5 	is 	smallest 	(k2 	= 	150.6 

N/mm). 

The average mass 	(4.5 	kg) 	of 	the head of an 

adult 	is used as m 	in the model 	of 	FIG. 	6. 

The skull is regarded as a rigid body, 	and 

the 	spring constant 	(kl) 	thereof 	is 	set 	to Do. 

That 	is, 	the 	synthesized 	spring 	constant 	K of 	FIG. 

6 	is 	equal 	to 	k2. 

In the 	calculation model 	of 	FIG. 	6, 	the 

motion of 	the head 	(m) 	after the collision is 

analyzed, 	with m being 4.5 	kg, 	kl 	being oo, 	and k2 

being 150.6 N/mm. 	A calculation example using 

the Newmark p method represented by the 

expressions 	(2) 	to 	(4) 	is 	illustrated 	in 	FIG. 	23. 

I 	An acceleration applied to the head 	(mass m) 

illustrated in FIG. 	23 	is 	calculated until 	the 

acceleration becomes 0 once again after the 

collision. 	A calculation result of the HIC 

represented by the expression 	(1) 	obtained by 

using the above acceleration is also plotted in 

FIG. 	23. 	The value 	of 	the HIC plotted 	in FIG. 	23 

is obtained by setting an integration start time 

(t1  of 	the 	expression 	(1)) 	to 	time 	0 	and by 

sequentially increasing an integration end time 

(t2 	of 	the 	expression 	(1)) 	from 	the 	time 	0. 	In 

this example, 	the HIC becomes maximum after the 
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acceleration becomes maximum. 

In FIG. 	24, 	the 	calculated HIC value 	is 

plotted on the 	injury risk curve 	of 	FIG. 	5. 	As 

the injury risk curve, 	the 	curve 	(curve 

represented by A in FIG. 	5) 	of 	"mild head injury" 

is used. 	In this example, 	a probability of 	the 

injury 	is 	46.0%. 

The above calculations are performed with 

the Young's modulus of 	the material 	set 	to 200 

MPa. 

Assumed is a case where the Young's modulus 

of the material is changed in a range of from 50 

MPa to 	70000 	MPa. 	The 	spring constant of 	the 

shock absorbing cleat 	5 is assumed to be 

proportional 	to the Young's modulus of 	the 

material. 	For example, 	in the case of 

polycarbonate 	(Young's modulus: 	2300 MPa) 

conventionally used for demarcation, 	when the 

spring constant k2 of 	the 	shock absorbing cleat 5 

is 	represented by k2P, 	k2P 	is 	calculated 

according to the following expression. 

k2p 	= 	150.6 	x 	(2300/200) 	= 	1732 	N/mm 	•••• 	(7) 

The spring constant 	(k2) 	of 	the shock 

absorbing cleat 5 	is calculated while the Young's 

modulus of the material is changed in a range of 

from 50 MPa to 	70000 MPa, 	and the motion of 	the 
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head 	(m) 	after the 	collision is 	calculated using 

the Newmark 0 method represented by the 

expressions 	(2) 	to 	(4). 	At 	this 	point, 	kl 	is 	set 

to 	c,o. 

	

The HIC represented by the expression 	(1) 

can be calculated using the obtained acceleration 

of 	the 	head 	(m). 	After calculation of 	the 	HIC, 

the injury probability can be estimated from the 

injury risk curve of 	FIG. 	5. 

The HIC and injury probability thus 

calculated are 	illustrated 	in FIGS. 	25 	and 	26, 

respectively. 	In FIG. 	25, 	the HIC 	is 	calculated 

with the Young's modulus of the material plotted 

on a horizontal 	axis. 	In FIG. 	26, 	the 	injury 

probability is calculated with the Young's 

modulus 	of the material plotted on a horizontal 

axis. 

In FIGS. 	25 	and 26, 	Cl and C2 	each represent 

a case where the Young's modulus of the material 

is 200 MPa, 	and D1 and D2 	each represent a case 

where the Young's modulus of 	the material 	is 2300 

MPa 	(polycarbonate). 

The above are cases where the spring 

constant of the skull is regarded as a rigid body 

(kl 	= De). 	Some 	literatures 	describe 	that 	the 

spring constant 	(kl) 	of 	the 	skull 	is about 	1000 
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N/mm, 	which, 	however, 	is 	not certain. 	Thus, 

calculations are performed in the same manner for 

cases where kl 	is 	3000 N/mm and where kl 	is 	1000 

N/mm, 	in addition to 	the 	case where kl 	is 30 (case 

where 	the skull 	is regarded as a rigid body). 

Results of 	the calculations 	are 	illustrated 

in 	FIGS. 	27 	and 	28. 	In FIGS. 	27 	and 	28, 	results 

obtained in the cases where kl 	is 3000 N/mm and 

where kl 	is 	1000 N/mm are added to the 

calculation results 	illustrated in FIGS. 	25 and 

26, 	respectively. 	In 	FIG. 	27, 	the 	HIC 	is 

calculated with the Young's modulus of 	the 

material plotted on a horizontal axis. 	In FIG. 

28, 	the injury probability is calculated with the 

Young's modulus of 	the material plotted on a 

horizontal axis. 

FIG. 	27 	reveals that when the Young's 

modulus of the material 	is high, 	the HIC value 

also significantly changes depending on the 

spring constant 	(kl) 	of the skull. 	On the other 

hand, 	when the Young's modulus of the material 	is 

low, 	the HIC value does not change so much even 

when the 	spring constant 	(kl) 	of 	the 	skull 	is 

changed. 	The 	spring constant 	(k2) 	of the 	shock 

absorbing cleat 	5 	is proportional to the Young's 

modulus, 	so that when the Young's modulus of the 
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material 	is high, 	the 	spring constant 	(k2) 	of 	the 

shock absorbing cleat 5 	is 	larger than the spring 

constant 	(kl) 	of 	the 	skull. 	On 	the other hand, 

when the Young's modulus of the material 	is 	low, 

the spring constant 	(k2) 	of the 	shock absorbing 

cleat 5 	is 	equal 	to or smaller than the spring 

constant 	(kl) 	of 	the 	skull. 

FIG. 	28 	reveals 	that when the Young's 

modulus of 	the material 	is high, 	the HIC value 

exceeds 	1000, 	and the injury probability reaches 

1000. 	When the Young's modulus of the material 

is 	low 	(when the Young's modulus 	is in a range 

equal to and 	less 	than 1000 MPa), 	the HIC value 

falls below 1000 	as 	illustrated 	in FIG. 	27, 	that 

is, 	as 	the Young's modulus 	of 	the material 

becomes 	lower, 	the 	injury probability abruptly 

decreases. 

(4-2) 	In case where 	spring constant of 	shock 

absorbing cleat 	is 	largest 	(Young's modulus 	is 

fixed) 

As 	in the case of 	(4-1), 	the HIC and injury 

probability are calculated for a case where the 

Young's modulus of 	the material 	is fixed and the 

spring constant of 	the shock absorbing cleat 5 	is 

largest 	(k2 	= 	715.3 	N/mm). 

The 	spring constant 	(k2) 	of 	the 	shock 
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absorbing cleat 5 when the Young's modulus of the 

material 	is 	200 	MPa 	is 	set 	to 	715.3 	N/mm, 	and the 

spring constant 	(k2) 	is assumed 	to be 

proportional 	to the Young's modulus of the 

material. 	Further, 	calculation 	is performed for 

cases where kl 	is 3000 N/mm and where kl 	is 	1000 

N/mm, 	in addition to the case where the spring 

constant 	(kl) 	of 	the 	skull 	is DO 	(case where 	the 

skull 	is 	regarded as a rigid body). 

Results obtained by changing the Young's 

modulus of the material in the range of from 50 

MPa to 70000 MPa are 	illustrated in FIGS. 	29 	and 

30. 	In FIG. 	29, 	the HIC 	is 	calculated with the 

Young's modulus of the material plotted on a 

horizontal 	axis. 	In FIG. 	30, 	the 	injury 

probability is 	calculated with the Young's 

modulus of the material plotted on a horizontal 

axis. 

In FIGS. 	29 	and 30, 	C5 	and C6 	each represent 

a case where 	the Young's modulus of the material 

is 200 MPa, 	and D5 and D6 	each represent a case 

where the Young's modulus of 	the material 	is 	2300 

MPa 	(polycarbonate). 

FIGS. 	29 and 30 reveal that when the Young's 

modulus of 	the material is high, 	the HIC value 

significantly changes depending on the spring 
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constant 	(kl) 	of 	the 	skull and that the 	injury 

probability reaches 	100%. 	On the other hand, 

when the Young's modulus of 	the material 	is 	low, 

the HIC value does not change so much even when 

the 	spring constant 	(kl) 	of 	the 	skull 	is 	changed, 

and as 	the Young's modulus of the material 

becomes 	lower, 	the injury probability abruptly 

decreases. 

(4-3) 	Young's 	modulus 	of material of 	shock 

absorbing cleat and injury probability 

In 	FIG. 	31, 	the 	results 	illustrated 	in 	FIGS. 

28 and 30 are shown in the same graph. 

In 	FIG. 	31, 	C7 	represents 	a 	case 	where 	the 

Young's modulus of the material 	is 	200 MPa, 	and 

D7 	represents a case where the Young's modulus 	of 

the material 	is 	2300 	MPa 	(polycarbonate). 

In the case where the Young's modulus of the 

material is 200 MPa, 	when the dimensions of 	the 

respective sections of 	the shock absorbing cleat 

5 	fall within the range 	listed in Table 	1, 	the 

injury probability falls between the upper limit 

(C7U) 	and lower 	limit 	(C7L) 	of 	a part 	C7 	in FIG. 

31. 

	

On the other hand, 	in the case 	(D7) 	where 

the Young's modulus 	of 	the material 	is 	2300 MPa 

(polycarbonate), 	even when the dimensions of the 
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respective sections of 	the 	shock absorbing cleat 

5 	are of any values within the range 	listed in 

Table 	1, 	the 	injury probability is 	100%. 

Examples 

The following describes functions and 

advantages of the escalator step according to the 

Example 	1. 

Assumed is a case where a passenger falls 

down and hits his or head against the corner 

(section A of 	FIG. 	1) 	of 	the 	step 	1 	of 	Example 	1. 

The shock absorbing cleat 5 	is mounted on 

the corner and, 	accordingly, 	the head of the 

passenger who falls down collides with the shock 

absorbing cleat 	5. 	In the present embodiment, 

urethane rubber having lower rigidity than metals, 

such as aluminum and stainless steel, 	and the 

resin, 	such as polycarbonate used for demarcation, 

is used for the 	shock absorbing cleat 	5. 	Thus, 

the shock absorbing cleat 5 	is significantly 

deformed at the time of head collision to thereby 

absorb collision energy more than a metal or 

resin corner potion of a conventional step, 

thereby allowing the 	injury probability to be 

reduced. 

Although the injury probability differs 
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depending on the dimension of each section of the 

shock absorbing cleat 5, 	it assumes any value 

between the upper limit 	(C7U) 	and lower limit 

(C7L) 	of 	the part 	C7 	of 	FIG. 	31, 	thereby allowing 

the injury probability to be reduced as compared 

at least to the collision with a corner of a 

conventional metal or plastic step. 

Typically, 	the urethane rubber is more 

likely to be worn and to get dirty. 	However, 	a 

metal material 	is used for the body section 6 of 

the 	tread 2, 	including the 	convex 	sections 	8, 

which the passengers 	frequently get on and off. 

Therefore, 	the convex sections 	8 of the body 

section 6 have wear or dirtiness not more than 

the conventional steps. 	Although the urethane 

rubber is used 	for the shock absorbing cleat 5, 

their lifetimes will not come to the end by 

getting worn or dirty in a short period of time 

because passengers do not frequently step their 

feet on this portion. 	When the 	shock absorbing 

cleat 5 	significantly get worn or dirty and their 

lifetimes come 	to 	the end, 	it 	is not required to 

replace the entire tread 2, 	but 	required to 

replace the shock absorbing cleat 	5 only. 	In 

addition, 	since a plurality of shock absorbing 

cleat 5 are mounted in a width direction of the 
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step 1, 	when only one of them comes to the end of 

its 	lifetime, 	it 	is 	required to 	replace 	the 	dead 

one only. 	Thus, 	maintenance costs can be reduced 

to the 	requisite minimum. 

Although the urethane rubber is used for the 

shock absorbing cleat 5 in the above description, 

the material of 	the shock absorbing cleat 5 	is 

not limited to the urethane rubber and may be an 

elastomer, 	such as natural 	rubber, 	synthetic 

rubber, 	silicone rubber, 	or fluorocarbon rubber. 

Further, 	a nylon-based, 	a Teflon®-based, 	and 

other resin materials having a low rigidity may 

be used. 	That is, 	as the material 	for the shock 

absorbing cleat 	5, 	a polymeric material composed 

of at 	least one of the resin and elastomer may be 

used. 

Further, 	the shock absorbing cleat 5 can 

also serve as demarcation to clarify an edge of 

the tread 2 	for passengers. 

As described above, 	by using an escalator 

step according to Example 	1, 	it 	is possible 	to 

provide, 	at 	low cost, 	a safe escalator that 	can 

prevent the passenger from suffering a serious 

injury even when he or she falls down and hits 

his or her head against a step corner and that 

does not encourage falling of the passenger even 
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in a normal use state by a simple injection 

molding of a polymeric material. 

(Second Example) 

In the above Example 	1, 	the Young's modulus 

of the material used for the shock absorbing 

cleat 	5 	is 	set to 200 MPa. 	Example 2 	differs 

from Example 1 	in that the Young's modulus of the 

material used for the 	shock absorbing cleat 	5 	is 

set 	to 	1000 MPa or 	less. 	Since 	the 	structure 	of 

the shock absorbing cleat 	5 	is the same as 	that 

of Example 1, 	descriptions about the structure of 

the shock absorbing cleat 	5 	according to Example 

2 	will 	be 	omitted. 

With reference 	to 	FIG. 	31, 	the 	injury 

probability in Example 	2 	will be described. 	A 

range of the Young's modulus of the material used 

for the shock absorbing cleat 5 according to 

Example 	2 	is represented by a bold arrow E. 

With reference 	to 	FIG. 	31, 	the 	injury 

probability in Example 2 will be described. 	A 

range of the Young's modulus of 	the material used 

for the 	shock absorbing cleat 5 according to 

Example 2 is represented by a bold arrow E. 

Assumed is a case where the Young's modulus 

of 	the material used for the 	shock absorbing 
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cleat 	5 	is 	reduced from 70000 MPa. 	The 	injury 

probability remains completely unchanged when the 

Young's modulus of the material reaches about 

2300 MPa 	(polycarbonate). 	When the Young's 

modulus of the material is further reduced to 

1000 MPa or less, 	the 	injury probability abruptly 

decreases, 	depending on the dimension of the 

shock absorbing cleat 	5. 

That is, 	in a case where the Young's modulus 

of 	the material used for the shock absorbing 

cleat 	5 	is 	set 	to 	1000 MPa or less, 	by adequately 

determining the dimension of the shock absorbing 

cleat 	5 within the range 	listed in Table 	1, 	a 

probability of the serious injury can be reduced 

as 	compared to the collision with a corner of a 

conventional metal or plastic step. 

On the other hand, 	as described above, 	the 

shock absorbing cleat 5 	should not have such a 

flexible structure or such a hardness that 

encourages the passenger to fall down in a normal 

use 	state. 	That 	is, 	the 	cleat needs 	to have 

enough hardness so as not to be buckled by a load 

applied thereto when the passenger stands on the 

cleat 	or walk on the cleat. 	In view of 	this, 

there exists a lower limit value that is required 

from a practical perspective on the Young's 
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modulus of the material used for the shock 

absorbing cleat 	5. 	The lower limit value 	is 

adequately selected with reference to the 

structure of FIG. 	4 and dimensional range 	listed 

ifCTable 	1 	and is, 	for example, 	20 MP or more, 

preferably, 	50 MPa or more, 	and more preferably, 

100 MPa or more. 

Thus, 	it 	is possible 	to provide a safe 

escalator in which a polymeric material having a 

Young's modulus of 	1000 MPa or 	less 	is 	used for 

the shock absorbing cleat 5 to reduce the 

probability of a serious 	injury when the 

passenger falls down and hits his or her head 

against the corner of 	the step, 	and a polymeric 

material having a Young's modulus of 20 MPa or 

more is used to prevent the cleat 	from being 

buckled due to a load from the passenger in a 

normal use 	state. 

Although the preferred embodiments of the 

present invention have been described above, 	the 

embodiments are merely illustrative and do not 

limit 	the scope of 	the present 	invention. 	These 

embodiments can be practiced in other various 

forms, 	and various 	omissions, 	substitutions and 

changes may be made without departing from the 

scope of the 	invention. 	The embodiments and 
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modifications thereof are included in the scope 

or spirit of 	the present 

appended claims and their 

invention and 

equivalents. 

in the 
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WHAT IS 	CLAIMED IS: 

1. An escalator step characterized by 

comprising: 

a tread that includes a body section where a 

plurality of 	convex 	sections, 	which are parallel' 

in a travelling direction, 	are arranged in a width 

direction; 	a riser that is coupled at a rear end 

portion of the body section of the tread and on 

which a plurality of convex sections are arranged 

in a width direction, 	with troughs being formed 

between adjacent convex sections; 	and a shock 

absorbing cleat that is provided in a notch which 

is formed in a corner portion where the riser and 

the tread are coupled together, 	wherein, 	on the 

shock absorbing cleat, 	a plurality of convex 

sections, 	which are parallel 	in a travelling 

direction, 	are arranged in a width direction, 	rear 

end surfaces are flush with troughs of 	the riser, 

each of 	the convex sections of the shock absorbing 

cleat 	is disposed in such a way as to be 	shifted a 

half pitch from each of the convex sections of the 

riser, 	and the shock absorbing cleat 	is made from 

a 	polymeric material 	having 	a 	Young's 	modulus 	of 

1,000 	MPa 	or 	less. 

2. The escalator 	step according to claim 1, 
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wherein 

the polymeric material is made from at least 

one type of material selected from among a group 

of resin and elastomer. 

3. The escalator step according to claim 2, 

wherein 

the elastomer is made from at least one type 

of material selected from among a group of 

urethane rubber, 	natural rubber, 	synthetic rubber, 

silicone rubber, 	and fluorine rubber. 

4. The escalator step according to any one 

of 	claims 	1 	to 	3, 	wherein 

the shock absorbing cleat doubles as a 

demarcation. 

5. The escalator step according to claim 4, 

wherein 

a plurality of 	the 	shock absorbing cleats are 

arranged in a width direction of the tread. 

6. An escalator step characterized by 

comprising: 

a tread that includes a body section where a 

plurality of 	convex sections, 	which are parallel 
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in a travelling direction, 	are arranged in a width 

direction; 	a riser that 	is coupled at a rear end 

portion of the body section of 	the tread and on 

which a plurality of convex sections are arranged 

in a width direction, 	with troughs being formed 

between adjacent convex sections; 	and a shock 

absorbing cleat that is provided in a notch which 

is formed in a corner portion where the riser and 

the tread are coupled together, 	wherein, 	on the 

shock absorbing cleat, 	a plurality of convex 

sections, 	which are parallel 	in a travelling 

direction, 	are 	arranged in a width direction, 	rear 

end surfaces are flush with troughs 	of 	the riser, 

each of the convex sections of the shock absorbing 

cleat is disposed in such a way as to be shifted a 

half pitch from each of the convex sections of 	the 

riser, 	length of each of the convex sections of 

the shock absorbing cleat is set at between 15 mm 

and 45 mm, 	thickness of each of 	the convex 

sections 	is 	set at between 2 mm and 4 mm, 	and 

distance between the convex sections is set at 

between 5 mm and 7 mm, 	and height of each of the 

convex sections 	is 	set at between 10 mm and 15 mm, 

and the shock absorbing cleat is made from a 

polymeric material 	having a 	Young's 	modulus 	of 

1,000 	MPa 	or 	less. 
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7. 	An escalator characterized by comprising 

a step that 	includes: 

a tread that includes a body section where a 

plurality of 	convex sections, 	which are parallel 

in a travelling direction, 	are arranged in a width 

direction; 	a riser that is coupled at a rear end 

portion of the body section of the tread and on 

which a plurality of convex sections are arranged 

in a width direction, 	with troughs being formed 

between adjacent convex sections; 	and a shock 

absorbing cleat that is provided in a notch which 

is formed in a corner portion where the riser and 

the tread are coupled together, 	wherein, 	on the 

shock absorbing cleat, 	a plurality of convex 

sections, 	which are parallel 	in a travelling 

direction, 	are arranged in a width direction, 	rear 

end surfaces are flush with troughs of the riser, 

each of 	the convex sections of the 	shock absorbing 

cleat is disposed in such a way as to be shifted a 

half pitch from each of the 	convex sections 	of 	the 

riser, 	and the shock absorbing cleat is made from 

a polymeric material 	having 	a Young's modulus 	of 

1,000 	MPa 	or 	less. 
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