
DESCRIPTION 

Title of the Invention 

VEHICULAR SUSPENSION DEVICE, STEERING BOGIE, AND VEHICLE 

Technical Field 

[0001] 

The 	present 	invention 	relates 	to 	a 	vehicular 

	

suspension device, 	a steering bogie, 	and a vehicle. 

Priority 	is 	claimed 	on 	Japanese 	Patent 	Application 

No. 	2013-246036, 	filed 	November 	28, 	2013, 	the 	content 	of 

which is incorporated herein by reference. 

Background Art 

[0002] 

As 	new 	transportation 	means 	other 	than 	buses 	or 

railroads, 	track-based transportation systems 	that 	travel 

on a track by means of running wheels 	having elasticity, 

such 	as 	rubber 	tires, 	are 	known. 	Such 	track-based 

transportation 	systems 	are 	generally 	referred 	to 	as 	new 

transportation systems or automated people movers 	(APMs). 

[0003] 

Vehicles 	of 	the 	track-based 	transportation 	systems 

have 	a 	configuration 	in which 	a 	pair 	of 	steering 	bogies 

are 	provided on the 	front 	and rear of 	a 	lower part 	of 	a 

car body. 
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Each steering bogie includes a pair of left and 

right running wheels, an axle that supports the running 

wheels, and a steering guide device that is guided by 

guide rails provided along a track, and the running wheels 

are adapted to be steered and are travel on the track by 

the guide wheels of the steering guide device being guided 

by the guide rails. 

[0004] 

Here, 	a 	suspension 	device 	for 	allowing 	the 

displacement 	of 	a 	steering 	bogie 	in 	an 	upward-downward 

direction with respect to the car body and for preventing 

the 	vibration 	from 	the 	running 	wheels 	traveling 	on 	the 

track 	to 	be 	transmitted 	to 	the 	car 	body 	is 	provided 

between an underframe constituting a lower surface of the 

car 	body 	and 	a 	sub 	frame 	that 	supports 	the 	axle 	(for 

example, 	refer to the following PTL 1). 

Specifically, 	as 	the 	suspension device used for 	the 

steering 	bogie, 	there 	is 	one 	including 	an 	air 	spring 

arranged 	between 	the 	underframe 	of 	the 	car 	body 	and 	a 

spring 	receptacle 	of 	the 	sub 	frame, 	and 	a 	parallel 	link 

mechanism 	connecting 	the 	underframe 	and 	the 	spring 

receptacle. 

Citation List 

Patent Literature 
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[PTL 1] 	PCT Japanese Translation Patent 	Publication 

No. 	2013-509325 

Summary of Invention 

Technical Problem 

[0006] 

Meanwhile, 	in 	the 	vehicles 	of 	the 	above-described 

track-based transport 	system, 	it 	is 	necessary 	to 	support 

the load of the car body by means of the pair of running 

wheels provided in each steering bogie. 	Therefore, 	in the 

vehicles of the track-based transport system, 	in contrast 

to buses or the like, 	methods of making the tire internal 

pressure 	of 	the 	running wheels 	high and 	ensuring a 	load 

imposed to each running wheel are used. 

[0007] 

However, 	if 	the 	tire 	internal 	pressure 	of 	the 

running 	wheels 	is 	made 	high, 	the 	difference 	between 	the 

spring 	stiffness 	(spring constant) 	of the running wheels, 

and the 	spring 	stiffness of the 	air spring become 	large. 

Additionally, 	if 	the 	spring 	stiffness 	of 	the 	running 

wheels becomes high, 	the frequency of the vibration input 

from the track to the 	running wheels become high, 	and it 

is 	difficult 	to 	absorb 	the 	vibration 	of 	such 	a 	high 

frequency with 	the 	air 	spring. 	As 	a 	result, 	there 	is 	a 

problem in that the vibration input to the running wheels 

is transmitted to the car body as floor vibration. 
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[0008] 

	

Meanwhile, 	in 	a 	case 	where 	the 	spring 	stiffness 	of 

the 	air 	spring 	is 	made 	small, 	there 	is 	a 	concern 	that 

shock 	may 	be 	generated 	due 	to 	contact 	between 	the 

underframe side and the spring receptacle side because the 

upward-downward 	displacement 	of 	the 	steering 	bogie 	with 

respect to the car body becomes large. 

In 	addition, 	in 	the 	running 	wheels, 	with 	a 

relationship in which a load imposed or the like ensured 

as 	described 	above, 	it 	is 	difficult 	to 	make 	the 	tire 

internal 	pressure low, 	and there are 	also 	limitations 	on 

reduction of the spring stiffness. 

[0009] 

As for the track, 	it is general to use concrete from 

a 	viewpoint 	of 	durability 	or 	the 	like. 	In 	that 	case, 

there 	are 	also 	limitations 	on 	management 	of 	surface 

smoothness. 

The 	above-described problems 	become 	more 	marked 	as 

the 	distance 	in 	a 	forward-rearward direction between 	the 

axle 	and 	the 	center 	of 	gravity 	of 	the 	steering 	guide 

device becomes 	larger, 	and with an 	increase 	in the 	speed 

of the track-based transport system. 

[0010] 

Thus, 	an 	object 	of 	the 	invention 	is 	to 	provide 	a 

vehicular 	suspension 	device, 	a 	steering 	bogie, 	and 	a 
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vehicle in which floor vibration is reduced as well as in 

which 	the 	spring 	stiffness 	of 	running 	wheels 	can 	be 

maintained. 

Solution to Problem 

(0011] 

A 	vehicular 	suspension 	device 	related 	to 	a 	first 

aspect of the invention includes a pair of primary support 

parts 	that 	respectively 	and 	elastically 	support 	running 

wheels 	having 	elasticity 	disposed 	on 	both 	sides 	in 	a 

vehicle 	width 	direction 	on 	a 	frame; 	and 	a 	secondary 

support part that is disposed between the frame and a car 

body and integrally and elastically supports 	the pair of 

primary support parts and the car body via the frame. 

[0012] 

According to the vehicular 	suspension device having 

such 	a 	configuration, 	the 	portions 	between 	the 	running 

wheels 	and 	the 	car 	body 	are 	elastically 	supported 	in 

series 	by 	a 	double 	support 	part 	of 	the 	primary 	support 

parts 	and 	the 	secondary 	support 	part 	via 	the 	frame. 

Accordingly, 	the 	total 	spring 	stiffness 	of 	the 	running 

wheels and the primary support parts becomes smaller than 

the 	spring 	stiffness 	of 	only 	the 	running 	wheels. 

Accordingly, 	the 	difference 	between 	the 	total 	spring 

stiffness 	of 	the 	running 	wheels 	and 	the 	primary 	support 

parts and the 	spring stiffness of secondary support part 
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can be made 	small. 	Therefore, 	since 	the vibration 	input 

to the 	running wheels 	can be 	absorbed before a 	stage 	in 

which the vibration is input to the secondary support part 

and the vibration can be prevented from being transmitted 

to 	the 	car body 	as 	floor 	vibration, 	ride 	quality 	can be 

improved. 

In 	this 	case, 	since 	the 	spring 	stiffness 	(internal 

pressure) 	of 	the 	running wheels 	can be maintained, 	loads 

imposed 	to 	the 	running 	wheels 	can 	be 	ensured. 

Additionally, 	since it is also not necessary to lower the 

spring 	stiffness 	of 	the 	secondary 	support 	part, 	contact 

between the car body side and the frame side can also be 

prevented. 

[0013] 

	

Moreover, 	by 	adopting 	an 	independent 	type 	of 

suspension 	in which 	the 	running wheels 	disposed 	on both 

sides 	in 	the 	vehicle 	width 	direction 	are 	elastically 

supported by the primary support parts, 	respectively, 	the 

weight of the primary support parts can be made lower than 

that 	in a 	configuration 	(for 	example, 	an axle 	suspension 

type) 	in 	which 	the 	respective 	running 	wheels 	are 

integrally supported. 	Accordingly, 	the weight 	conforming 

irregularities 	of 	the 	track 	(road 	surface) 	can 	be 	made 

small, 	and 	the 	vibrational 	energy 	input 	to 	the 	running 

wheels 	can 	be 	made 	small. 	As 	a 	result, 	excellent 	ride 
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quality can be ensured. 

In 	addition, 	by 	adopting 	the 	independent 	type 	of 

suspension 	type, 	the 	conforming 	of 	the 	running 	wheels 

relating to 	irregularities 	of the 	track can be 	improved, 

and the contact situation between the 	running wheels and 

the 	track 	can 	be 	improved. 	As 	a 	result, 	slipping 	or 

idling of the 	running wheels 	is 	suppressed, 	so that wear 

of the running wheels can be suppressed and traveling can 

be stabilized. 

[0014] 

	

In 	the 	vehicular 	suspension 	device 	related 	to 	a 

second aspect of the invention, 	if the spring stiffness of 

the running wheels in the above first aspect is defined as 

kl, 	the 	spring stiffness of the primary support parts 	is 

defined as 	k2, 	and the 	spring stiffness 	of the 	secondary 

support 	part 	is 	defined 	as 	k3, 	kl 	> 	k2 	> 	k3 	may 	be 

satisfied. 

According 	to 	this 	configuration, 	the 	difference 	in 

spring 	stiffness 	between 	the 	running 	wheels 	and 	the 

primary 	support 	parts 	can 	be 	made 	smaller 	than 	the 

difference in spring stiffness between the running wheels 

and 	the 	secondary 	support 	part. 	Thus, 	a 	high-frequency 

vibration input 	from the track to the running wheels 	can 

be effectively absorbed by the primary support parts. 

[0015] 
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In 	the 	vehicular 	suspension 	device 	related 	to 	a 

third aspect of the invention, 	the spring stiffness of the 

primary support parts in the above first or second aspect 

may be 	set 	to 	1/2 	or more 	or 	2/3 	or 	less 	of the 	spring 

stiffness of the running wheels. 

According 	to 	this 	configuration, 	by 	setting 	the 

spring 	stiffness 	of 	the 	primary 	support 	parts 	to 	1/2 	or 

more 	of 	the 	spring 	stiffness 	of 	the 	running 	wheels, 	the 

difference 	between 	the 	spring 	stiffness 	of 	the 	primary 

support 	parts 	and 	the 	spring 	stiffness 	of 	the 	running 

wheels 	can 	be 	made 	small. 	Therefore, 	a 	high-frequency 

vibration input 	from the track to the running wheels can 

be efficiently absorbed by the primary support parts. 

	

Meanwhile, 	by 	setting 	the 	spring 	stiffness 	of 	the 

primary 	support 	parts 	to 	2/3 	or 	less 	of 	the 	spring 

stiffness 	of 	the 	running 	wheels, 	the 	amount 	of 

displacement 	of 	the 	primary 	support 	parts 	can 	be 

suppressed, 	and 	the 	difference between 	the 	floor 	heights 

of 	the 	car 	body 	under 	unloaded 	conditions 	and 	loaded 

conditions of the car body can be made small. 

[0016] 

Moreover, 	in the vehicular suspension device related 

to a 	fourth aspect 	of the 	invention, 	the primary support 

parts 	in 	the 	above 	first 	to 	third 	aspects may 	include 	a 

primary 	suspension 	mechanism 	that 	couples 	the 	running 
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wheels 	and 	the 	frame 	so 	as 	to 	be 	displaceable 	in 	an 

upward-downward direction, 	and an elastic member that 	is 

arranged between the primary suspension mechanism and the 

frame. 

In 	the 	vehicular 	suspension 	device 	related 	to 	a 

fifth aspect of the invention, 	the secondary support part 

in 	the 	above 	first 	to 	fourth aspects may include 	an air 

spring that is arranged between the car body and the frame, 

and an air supply and exhaust mechanism that performs air 

supply to and exhausting from the air spring and adjusts 

the 	height 	of 	the 	air 	spring 	in 	the 	upward-downward 

direction, 	and 	the 	air 	supply 	and 	exhaust 	mechanism may 

perform air supply to and exhausting from the air spring 

on 	the 	basis 	of 	the 	total 	displacement 	of 	the 	primary 

support 	parts 	and 	the 	secondary 	support 	part 	in 	the 

upward-downward direction with respect to the car body. 

According 	to 	this 	configuration, 	by 	performing 	air 

supply to and exhausting from the air spring on the basis 

of the displacement of the car body in the upward-downward 

direction relative to the primary support parts, 	the total 

displacement 	of 	the 	primary 	support 	parts 	and 	the 

secondary support part can be adjusted via the height of 

the air spring. 	In this 	case, 	the difference between the 

floor 	heights 	of 	the 	car 	body 	under 	unloaded 	conditions 

and loaded conditions of the car body can be made small. 
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[0017] 

A 	steering 	bogie 	related 	to 	a 	sixth 	aspect 	of 	the 

invention includes 	the running wheels 	in the above 	first 

to 	fifth aspects; 	a 	steering guide device that 	is guided 

by a guide rail extending along a track; and the vehicular 

suspension device of the above invention that is disposed 

between the running wheels and the car body. 

According 	to 	this 	configuration, 	the 	vehicular 

suspension 	device 	of 	the 	above 	invention 	is 	provided. 

Therefore, 	the vibration input from the running wheels can 

be 	prevented 	from 	being 	transmitted 	to 	the 	car 	body 	as 

floor vibration. 	Therefore, 	ride quality can be improved 

irrespective of the surface smoothness of the track or the 

distance between an axle and the center of gravity of the 

steering guide device. 

[0018] 

Additionally, 	a 	vehicle 	related 	to 	a 	seventh 	aspect 

of 	the 	invention 	includes 	a 	car 	body; 	and 	the 	steering 

bogie 	in 	the 	above 	sixth 	aspect 	that 	is 	provided 	in 	a 

lower part of the car body. 

According to this configuration, 	since the vibration 

input 	to 	the 	running wheels 	can be prevented 	from being 

transmitted 	to 	the 	car 	body 	as 	floor 	vibration, 	ride 

quality can be improved. 	Additionally, 	improvement in the 

speed of the vehicle can also be realized. 
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Advantageous Effects of Invention 

[0019] 

According 	to 	the 	above vehicular 	suspension device, 

the 	above 	steering 	bogie, 	and 	the 	above 	vehicle, 	floor 

vibration can be 	reduced as well 	as 	the 	spring stiffness 

of the running wheels being able to be maintained. 	Thus, 

comfortable ride quality can be realized as well as loads 

imposed to the running wheels being able to be realized. 

Brief Description of Drawings 

[0020] 

Fig. 	1 	is 	a 	plan 	view 	illustrating 	an 	aspect 	in 

which 	a 	vehicle 	in 	a 	first 	embodiment 	travels 	along 	a 

linear portion of a track. 

Fig. 	2 is a view as seen from arrow Al of Fig. 	1. 

Fig. 	3 is a sectional view taken along line B1-B1 of 

Fig. 	1. 

Fig. 	4 	is 	a 	cross-sectional 	view 	taken 	along 	line 

C1-C1 in Fig. 	1. 

Fig. 	5 is a vibration model of a steering bogie. 

Fig. 	6 	is 	a 	front view equivalent 	to 	Fig. 	2 	in 	the 

second embodiment. 

Fig. 	7 is a sectional view taken along line B2-B2 of 

Fig. 	6. 

Fig. 	8 	is 	a 	cross-sectional 	view 	taken 	along 	line 

C2-C2 	in Fig. 	6. 



Fig. 	9 	is 	a 	plan 	view 	illustrating 	an 	aspect 	in 

which 	a 	vehicle 	in 	a 	third 	embodiment 	travels 	along 	a 

linear portion of a track. 

Fig. 	10 	is 	a 	sectional 	view 	taken 	along 	line 	B3-B3 

of Fig. 	9. 

Fig. 	11 	is 	a 	cross-sectional 	view 	taken 	along 	line 

C3-C3 in Fig. 	9. 

Fig. 	12 	is 	a 	plan 	view 	illustrating 	an 	aspect 	in 

which 	a 	vehicle 	in 	a 	fourth 	embodiment 	travels 	along 	a 

linear portion of a track. 

Fig. 	13 is a view as seen from arrow A4 of Fig. 	12. 

Fig. 	14 	is 	a 	sectional 	view 	taken 	along 	line 	B4-B4 

of 	Fig. 	12. 

Fig. 	15 	is 	a 	cross-sectional 	view 	taken 	along 	line 

C4-C4 in Fig. 	12. 

Description of Embodiments 

[0021] 

Next, 	embodiments of the invention will be described 

with reference to the drawings. 

[First Embodiment] 

As 	illustrated 	in 	Figs. 	1 	to 	4, 	a 	vehicle 	1 	is 	a 

vehicle 	of 	a 	track-based 	transportation 	system 	that 

travels on a track 5 while being guided by guide 	rails 	6 

provided at 	the 	track 	5. 	In 	the present 	embodiment, 	the 

vehicle 	1 	is 	a 	vehicle 	of 	a 	side 	guide 	rail 	type 	(side 
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guide 	type) 	transportation system in which guide 	rails 	6 

extending 	in 	an 	extending 	direction 	of 	the 	track 	5 	are 

provided on both sides of the track 5 in a width direction. 

[0022] 

<Vehicle> 

The vehicle 1 includes steering bogies 2 that travel 

on the track 5, 	and a car body 3 	(refer to Fig. 	1) 	that is 

supported by the steering bogies 2. 

	

Directions, 	such 	as 	the 	front, 	the 	rear, 	the 	top, 

the 	bottom, 	the 	left, 	and 	the 	right, 	in 	the 	following 

description are the same as the directions of the vehicle 

1 	unless 	particularly 	mentioned. 	Additionally, 	in 	the 

following, 	a 	direction 	of 	arrow 	D 	in 	a 	forward-rearward 

direction of 	the 	vehicle 	1 	is 	referred 	to 	as 	the 	front, 

and 	a 	direction opposite 	to 	the 	direction 	of 	arrow 	D 	is 

referred to as 	the 	rear. 	Moreover, 	a direction toward a 

sub frame 11 	(to be described below) 	arranged at a central 

part 	of 	each 	steering 	bogie 	2 	in 	a 	leftward-rightward 

direction, 	is 	referred 	to 	as 	an 	inner 	side, 	and 	a 

direction away from the sub frame 11 	is referred to as an 

outer side. 

[0023] 

As 	illustrated 	in 	Fig. 	1, 	the 	car 	body 	3 	has 	a 

rectangular 	parallelepiped 	shape 	that 	is 	long 	in 	the 

forward-rearward 	direction, 	and 	a 	space 	capable 	of 
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accommodating passengers is formed inside the car body. 	A 

pair of the above-described steering bogies 2 are provided 

on the front and rear of a lower part of the car body 3. 

In 	addition, 	since 	a 	steering bogie 	2 	on 	the 	front 	side 

and 	a 	steering 	bogie 	2 	on 	the 	rear 	side 	have 	the 	same 

configuration 	except 	that 	the 	forward 	and 	rearward 

directions 	are 	reversed, 	one 	steering 	bogie 	2 	(on 	the 

front side) 	will be representatively described below. 

[0024] 

<Steering bogie> 

	

As illustrated in Figs. 	1 to 4, 	the steering bogie 2 

includes 	a 	pair 	of 	left 	and 	right 	power 	transmission 

shafts 	12 	(refer to 	Fig. 	2) 	that 	are 	rotatably 	supported 

by the sub 	frame 	(frame) 	11, 	tires 	(running wheels) 	13 to 

which 	rotative 	forces 	are 	transmitted 	by 	the 	respective 

power 	transmission 	shafts 	12, 	a 	steering 	guide 	device 	14 

that is guided by the guide rails 	6, 	a steering mechanism 

15 	(refer to Fig. 	1) 	that steers the tires 13 according to 

displacement 	of 	the 	steering 	guide 	device 	14, 	and 	a 

suspension device 	(vehicular suspension device) 	16 that is 

arranged between 	an 	underframe 	3a 	of 	the 	car 	body 	3 	and 

the tires 	13. 

The 	sub 	frame 	11 	includes 	a 	basal 	part 	21 	that 	is 

formed 	in 	a 	T 	shape 	in 	a 	front 	view 	as 	seen 	from 	the 

forward-rearward direction as illustrated in Fig. 	2 and is 
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located 	at 	a 	central 	part 	in 	the 	leftward-rightward 

direction 	(vehicle width direction), 	and a pair of spring 

receptacles 	22 	extending 	toward 	both 	sides 	in 	the 

leftward-rightward direction, 	respectively, 	from an upper 

end of the basal part 21. 	In addition, 	a gear mechanism 

(not 	illustrated), 	such 	as 	a 	speed 	reduction 	gear 	and 	a 

differential 	gear, 	for 	transmitting 	the 	rotational 	power 

from a driving source, 	such as a motor 	(not illustrated), 

to the power transmission shafts 12 are housed within the 

basal part 21. 

[0025] 

As 	illustrated 	in 	Fig. 	2, 	each 	power 	transmission 

shaft 12 extends in the leftward-rightward direction, 	and 

an 	inner 	end thereof 	in the 	leftward-rightward direction 

is coupled to the gear mechanism within the basal part 21 

via 	a 	swingable 	joint 	23. 	That 	is, 	the 	rotational 	power 

transmitted from the driving source via the gear mechanism 

is 	distributed 	to 	the 	power 	transmission 	shafts 	12, 	and 

the power transmission shafts 12 rotate. 

[0026] 

An outer end of each power transmission shaft 	12 	in 

the 	leftward-rightward 	direction 	is 	coupled 	to 	a 	tire 

attachment 	shaft 	27 	via 	a 	swingable 	joint 	24. 	Each 	tire 

attachment shaft 27 is configured to be rockable around a 

kingpin 	26 	(refer 	to 	Fig. 	1) 	extending 	in 	the 	upward- 
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downward 	direction. 	That 	is, 	the 	kingpin 	26 	has 	a 

function as a steering shaft of a tire 13. 

[0027] 

A tire 	(running wheel) 	13 made of a material having 

elasticity, 	such as rubber is separately attached to each 

tire 	attachment 	shaft 	27. 	As 	the 	tires 	13, 	for example, 

core-type tires 13 that have a core housed therein may be 

used, 	and 	tires 	13 	with 	no 	core 	used 	for 	general 

autotrucks, 	general buses, 	or the like may be used. 

In 	the 	core-type 	tires 	13, 	exclusive 	jigs 	or 

exclusive 	tools 	are 	required 	at 	the 	time 	of 	the 

replacement of the tires 13, 	and replacement work is also 

difficult. 	Hence, 	since 	the 	tires 	13 	with 	no 	core 	used 

for general trucks or buses is used as the tires 13, 	it is 

possible to reduce costs or reduce time and effort for the 

replacement work of the tires. 

[0028] 

(Steering Guide Device) 

As 	illustrated 	in 	Fig. 	1, 	the 	steering guide device 

14 	includes 	a 	guide 	frame 	31, 	a 	turning 	axis 	32 	that 

supports the guide frame 31 so as to be turnable around a 

turning axis 01 extending in the upward-downward direction, 

and 	guide 	wheels 	33 	that 	are 	rotatably 	supported by 	the 

guide frame 31. 

The 	guide 	frame 	31 	is 	incorporated 	in 	a 	sharp 	(#) 
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shape 	in 	a 	plane 	view 	as 	seen 	from 	the 	upward-downward 

direction, 	and 	is 	arranged 	below 	the 	sub 	frame 	11. 

Specifically, 	the 	guide 	frame 	31 	includes 	a pair of left 

and 	right 	of 	longitudinal 	beams 	34 	extending 	in 	the 

forward-rearward direction, 	and a pair of lateral beams 35 

that are coupled to both ends of the longitudinal beams 34 

in 	the 	forward-rearward 	direction 	and 	extend 	in 	the 

leftward-rightward direction. 

[0029] 

Both 	ends 	of 	each 	longitudinal 	beam 	34 	in 	the 

forward-rearward 	direction 	are 	located 	outside 	each 	tire 

13, 	and 	have 	the 	lateral 	beams 	35 	coupled 	thereto, 

respectively. 

Both ends 	of each lateral beam 35 	in the 	leftward- 

rightward direction are located outside each tire 13, 	and 

are arranged so as to sandwich the tire 13 from both sides 

in 	the 	forward-rearward 	direction. 	The 	guide 	wheels 	33 

are 	attached to both ends 	of each lateral beam 35 	in the 

leftward-rightward direction one by one. 

	

Each 	guide 	wheel 	33 	is 	supported 	so 	as 	to 	be 

rotatable 	around 	a 	rotational 	axis 	02 	extending 	in 	the 

upward-downward 	direction, 	and 	is 	adapted 	to 	roll 	as 	a 

result 	of 	contact 	with 	each 	guide 	rail 	6. 	In 	the 	guide 

frame 	31, 	a 	branch 	inner 	wheel 	36 	is 	provided below 	the 

guide 	wheel 	33, 	rolls 	in 	contact 	with 	the 	branch 	guide 
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rail 	(not 	illustrated) 	provided 	at 	the 	track 	5, 	at 	a 

branching portion in the track 5, 	and guides the vehicle 1 

in a branch direction. 

[0030] 

The 	turning 	axis 	32 	is 	arranged 	between 	the 	sub 

frame 11 and the guide frame 31, 	and is made to turn the 

guide frame 31 around the turning axis 01 with respect to 

the sub frame 11. 	In addition, 	in the illustrated example, 

a 	central 	part 	of 	the 	guide 	frame 	31 	in 	the 	forward- 

rearward direction and the leftward-rightward direction is 

located at the turning axis 01. 

[0031] 

(Steering Mechanism) 

The steering mechanism 15 changes the steering angle 

of the tires 13 in an interlocking manner with the turning 

of the guide frame 31 around the turning axis 01, 	and has 

a steering arm 41 	that rocks integrally with each tire 13 

(tire attachment shaft 27) 	on the basis of each kingpin 26, 

and 	a 	steering 	rod 	42 	that 	separately 	couples 	each 

steering arm 41 to the guide frame 31. 

[0032] 

The 	steering 	rod 	42 	extends 	in 	the 	leftward- 

rightward 	direction, 	has 	an 	outer 	end 	pin-coupled 	to 	a 

front 	end 	of 	the 	steering 	arm 	41, 	and 	has 	an 	inner 	end 

pin-coupled to the guide frame 31. 
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That 	is, 	if 	the 	guide 	frame 	31 	turns 	with 	the 

turning 	axis 	01 	as 	a 	center, 	the 	steering 	rod 	42 	is 

displaced with this turning, 	and the tire attachment shaft 

27 	is rotated around the kingpin 26 via the steering arm 

41. 	Accordingly, 	the tires 13 is steered. 

[0033] 

(Suspension Device) 

As 	illustrated 	in 	Fig. 	2, 	the 	suspension 	device 	16 

includes 	a primary suspension mechanism 51 	that 	supports 

the 	above-described 	respective 	tires 	13 	so 	as 	to 	be 

displaceable 	independently 	in 	the 	upward-downward 

direction 	with 	respect 	to 	the 	sub 	frame 	11, 	a 	second 

suspension 	mechanism 	52 	(refer 	to 	Fig. 	3) 	that 	supports 

the sub frame 11 so as to be displaceable in the upward- 

downward 	direction 	with 	respect 	to 	the 	underframe 	3a, 	a 

pair of 	left 	and 	right 	air 	springs 	53 	that 	are 	arranged 

between 	the 	above-described underframe 	3a 	and the 	spring 

receptacles 	22, 	and 	elastic members 	54 	that 	are 	arranged 

between 	the 	spring 	receptacles 	22 	and 	the 	primary 

suspension mechanism 51. 

[0034] 

The 	primary 	suspension 	mechanism 	51 	is 	an 

independent 	suspension 	mechanism 	of 	a 	so-called 	double 

wishbone type, 	and includes a pair of left and right upper 

arms 	61 	and 	a 	pair 	of 	left 	and 	right 	lower 	arms 	62 
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extending in the leftward-rightward direction. 

Each upper arm 61 is formed in an H shape in a plan 

view 	as 	seen 	from 	above, 	and 	both 	ends 	thereof 	in 	the 

leftward-rightward 	direction 	are 	respectively 	bifurgated 

with respect to a central part 	thereof. 	An inner end of 

the 	upper 	arm 	61 	in 	the 	leftward-rightward 	direction 	is 

pin-coupled to the basal part 21 of the sub frame 11, 	and 

an outer end thereof is pin-coupled to the above-described 

kingpin 26. 	In addition, 	the upper arm 61 may be 	formed 

an 	A 	shape 	in 	a 	plan 	view 	as 	seen 	from above. 	In 	this 

case, 	an A-shaped peak portion of the upper arm 61 is pin- 

coupled 	to 	the 	kingpin 	26 	(outer 	end), 	and 	an 	A-shaped 

branching 	portion 	is 	pin-coupled 	to 	the 	basal 	part 	21 

(inner end) 	of the sub frame 11. 

[0035] 

Each lower arm 62 is formed in an H shape in a plan 

view 	as 	seen 	from 	above, 	and 	both 	ends 	thereof 	in 	the 

leftward-rightward 	direction 	are 	respectively 	bifurgated 

with respect to a central part 	thereof. 	An inner end of 

the 	lower 	arm 	62 	in 	the 	leftward-rightward 	direction 	is 

pin-coupled to the basal part 21 of the sub frame 11 below 

the upper arm 61, 	and an outer end thereof is pin-coupled 

to the above-described kingpin 26 below the upper arm 61. 

In 	addition, 	the 	lower 	arm 	62 	may 	be 	formed 	an 	A 

shape in a plan view as seen from above. 	In this case, 	an 

- 20 - 



A-shaped peak portion of the lower arm 62 	is pin-coupled 

to 	the 	kingpin 	26 	(outer 	end), 	and 	a 	A-shaped branching 

portion is pin-coupled to the basal part 21 	(inner end) 	of 

the sub frame 11. 

When 	the 	tires 	13 	are 	displaced 	in 	the 	upward- 

downward direction due 	to 	irregularities 	of the 	track 	5, 

the 	primary 	suspension mechanism 	51 	is 	made 	rockable 	in 

the upward-downward direction with respect to the tires 13 

and the sub frame 11. 

[0036] 

Each elastic member 54 is made of rubber or the like 

and 	is 	separately 	disposed 	between 	an 	upper 	surface 	of 

each 	upper 	arm 	61 	and 	a 	lower 	surface 	of 	each 	spring 

receptacle 	22. 	The 	elastic members 	54 	are 	configured so 

as to be elastically deformed with the displacement or the 

like 	of 	the 	primary 	suspension mechanism 	51 	and 	thereby 

absorb the vibration input to the tires 13 before a stage 

in 	which 	vibration 	is 	transmitted 	to 	the 	sub 	frame 	11. 

The primary suspension mechanism 51 	(the pair of upper arm 

61 	and lower arm 62), 	the pair of elastic members 54, 	and 

the 	spring 	receptacles 	22 	constitute 	a 	pair 	of 	primary 

support 	parts 	that 	elastically 	support 	the 	tires 	13, 

respectively. 

[0037] 

Here, 	if the spring stiffness of the above-described 
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tires 13 is defined as kl and the spring stiffness of the 

elastic members 	54 	is 	defined as 	k2, 	it 	is preferable to 

set 	the spring stiffness 	k2 	of the 	elastic members 	54 	to 

1/2 	or more to 2/3 	or 	less 	of the 	spring stiffness 	k3 of 

the 	tires 	13. 	By setting 	the 	spring 	stiffness 	k2 	of the 

elastic 	members 	54 	to 	1/2 	or 	more 	with 	respect 	to 	the 

spring 	stiffness 	kl 	of 	the 	tires 	13, 	the 	difference 

between the spring stiffness of the elastic members 54 and 

the spring stiffness kl of the tires 13 can be made small. 

Therefore, 	a 	high-frequency vibration 	input 	to 	the 	tires 

from 	the 	track 	5 	can 	be 	efficiently 	absorbed 	by 	the 

elastic members 54. 

Meanwhile, 	by setting the spring stiffness k2 of the 

elastic members 	54 	to 2/3 or less of the spring stiffness 

kl 	of 	the 	tires 	13, 	the 	amount 	of 	displacement 	of 	the 

elastic members 	54 	can be 	suppressed, 	and the difference 

between the floor heights of the car body 3 under unloaded 

conditions and loaded conditions of the car body 3 can be 

made small. 

[0038] 

As 	illustrated 	in 	Figs. 	3 	and 	4, 	the 	second 

suspension 	mechanism 	52 	is 	a 	so-called 	parallel 	link 

mechanism, 	and 	includes 	a 	pair 	of 	left 	and 	right 	upper 

links 	71 	and 	a 	pair 	of 	left 	and 	right 	lower 	links 	72 

extending parallel to each other. 
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Each upper link 71 and each lower link 72 extend to 

incline upward as they become closer to the rear, 	and are 

respectively 	pin-coupled 	to 	the 	suspension 	frame 	73 	of 

which a rear end extends downward from the underframe 3a. 

Meanwhile, 	front ends of the upper link 71 	and the 	lower 

link 72 are pin-coupled to a rear end of the sub frame 11. 

The second suspension mechanism 52 is made rockable in the 

upward-downward 	direction with 	respect 	to 	the 	suspension 

frame 73 and the sub frame 	11, 	according to the relative 

movement of the suspension frame 73 and the sub frame 	11 

in the upward-downward direction. 	In addition, 	the second 

suspension mechanism 52 also has a function as a traction 

rod for transmitting the driving force or braking force of 

the tires 13 to the car body 3. 

[0039] 

Each air spring 53 has an upper end attached to the 

underframe 3a and has a lower end attached to an upper end 

of 	each 	spring 	receptacle 	22. 	The 	air 	springs 	53 	relax 

the 	relative 	vertical 	vibration 	of 	the 	tires 	13 	with 

respect 	to 	the 	car 	body 	3. 	In 	addition, 	if 	the 	spring 

stiffness 	of 	the 	air 	springs 	53 	is 	defined 	as 	k3, 	the 

relationship between the spring stiffness kl of the above- 

described 	tires 	13 	and 	the 	spring 	stiffness 	k2 	of 	the 

elastic members 	54 	is set 	so that the spring stiffness 	k3 

of the air springs 53 becomes the smallest and the spring 
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stiffness kl of the tires 13 becomes the greatest 	(kl > k2 

> 	k3). 

The 	second 	suspension 	mechanism 	52, 	the 	respective 

air springs 53, 	and the spring receptacles 22 constitute a 

secondary 	support 	part 	that 	elastically 	supports 	the 

above-described pair of primary support parts and the car 

body 3 integrally via the sub frame 11. 

[0040] 

Additionally, 	between 	the 	underframe 	3a 	and 	each 

spring receptacle 22 is provided a height-adjusting device 

81 	for adjusting the distance between both in the upward- 

downward 	direction. 	The 	height-adjusting 	device 	81 

includes 	a 	height-adjusting valve 	82 	that 	is 	fixed 	to 	a 

lower part of the underframe 3a via a bracket 3b, 	a handle 

83 that is attached to a rotating shaft 82a of the height- 

adjusting valve 	82, 	and an adjusting rod 84 	that 	is pin- 

coupled to the handle 83 and the above-described upper arm 

61, 	respectively. 	A lower end of the adjusting rod 84 	is 

coupled to the upper arm 61 via a bracket 61a of the upper 

arms 	61 	that 	is 	disposed 	in 	the 	vicinity 	of 	the 	tire 

attachment 	shaft 	27. 	Additionally, 	as 	long 	as 	the 	lower 

end 	of 	the 	adjusting 	rod 	84 	is 	coupled 	to 	the 	primary 

suspension mechanism 	51, 	it 	may be 	coupled 	to 	the 	lower 

arm 62 without being limited to the upper arm 61. 

[0041] 
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Meanwhile, 	if 	the 	weight 	of 	the 	car 	body 	3 	varies 

with 	getting 	on-and-off 	of 	passengers, 	the 	relative 

positions of the car body 3 and the upper arm 61 vary in 

the 	upward-downward 	direction. 	In 	the 	height-adjusting 

device 	81, 	if 	the 	relative 	position 	of 	the 	car 	body 	3 

varies, 	the 	position 	of 	the 	height-adjusting 	valve 	82 

varies 	together 	with 	the 	car 	body 	3, 	and 	the 	handle 	83 

rotates 	with 	respect 	to 	the 	height-adjusting 	valve 	82 

along 	with 	this, 	a 	valve 	built 	in 	the 	height-adjusting 

valve 	82 	is 	opened 	and 	closed, 	and 	the 	air 	from 	a 

pneumatic 	power 	source 	(not 	illustrated) 	is 	supplied 	to 

and exhausted from the air spring 53. 	Accordingly, 	by the 

internal pressure 	(spring stiffness k3) 	of the air springs 

53 	being 	adjusted, 	the 	height 	of 	the 	air 	springs 	53 	is 

kept constant and the 	floor height of the car body 3 	is 

kept constant. 

Particularly, 	in the present embodiment, 	the height- 

adjusting device 81 	is provided between the underframe 3a 

and the upper arm 61. 	Therefore, 	the relative position of 

the 	steering 	bogie 	2 	in 	the 	upward-downward 	direction 

entire 	with 	respect 	to 	the 	car 	body 	3 	can 	be 	detected. 

That is, 	the total displacement of the air springs 	53 and 

the 	elastic members 	54 	can be adjusted via the height 	of 

the 	air 	springs 	53. 	In this 	case, 	the difference between 

the 	floor 	heights 	of 	the 	car 	body 	3 	under 	unloaded 
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conditions and loaded conditions of the car body 3 can be 

made small. 

[0042] 

	

Here, 	in 	the 	steering 	bogie 	2 	of 	the 	present 

	

embodiment, 	portions between the tires 13 and the car body 

3 	are 	elastically 	supported by 	a 	double 	support 	part 	of 

the 	primary 	support 	parts 	consisting 	of 	the 	primary 

suspension mechanism 51 and the elastic members 54 and the 

secondary support part consisting of the second suspension 

mechanism 	52 	and 	the 	air 	springs 	53. 	In 	this 	case, 	the 

steering 	bogie 	2 	of 	the 	present 	embodiment 	can 	be 

illustrated, 	for 	example, 	as 	a 	vibration 	model 	as 

illustrated 	in 	Fig. 	5 	if 	the 	mass 	of 	a 	primary 	spring 

lower 	member 	(the 	primary 	suspension 	mechanism 	51, 	the 

tire attachment 	shafts 27, 	and the like) 	arranged between 

the tires 13 and the elastic members 54 is defined as ml, 

and 	the 	mass 	of 	a 	secondary 	spring 	lower 	member 	(the 

second suspension mechanism 52, 	the sub frame 11, 	and the 

like) 	arranged between the elastic members 	54 	and the air 

springs 	53 	is 	defined 	as 	m2. 	That 	is, 	in 	the 	steering 

bogie 	2 	of 	the 	present 	embodiment, 	a 	spring 	system 

consisting 	of 	the 	tires 	13, 	the 	elastic 	members 	54, 	and 

the 	air 	springs 	53 	constitutes 	a 	spring 	and mass 	system 

having 	three 	degrees 	of 	freedom 	that 	is 	connected 	to 	a 

mass system consisting of the primary spring lower member 
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and the secondary spring lower member in series. 

[0043] 

In this way, 	in the present embodiment, 	the portions 

between 	the 	tires 	13 	and the 	car body 	3 	are 	elastically 

supported 	in 	series 	by 	the 	double 	support 	part 	of 	the 

primary support parts 	and the 	secondary support part via 

the sub frame 11. 	Accordingly, 	the total spring stiffness 

of the tires 13 and the elastic members 54 becomes smaller 

than 	the 	spring 	stiffness 	of 	only 	the 	tires 	13. 	As 	a 

result, 	since 	the 	difference 	betweem 	the 	total 	spring 

stiffness of the tires 	13 	and the elastic members 	54 	and 

the spring stiffness k3 of the air springs 53 can be made 

small, 	the vibration input to the tire 13 before 	a stage 

in which the vibration is input the air springs 53 can be 

absorbed, 	and 	the 	vibration 	can be prevented 	from being 

transmitted to the car body 3 as floor vibration. 	Hence, 

ride 	quality 	can be 	improved irrespective 	of the 	surface 

smoothness 	of 	the 	track 	5 	or 	the 	distance 	between 	each 

power transmission shaft 	12 	and the 	center of gravity of 

the steering guide device 14. 

In 	this 	case, 	since 	the 	spring 	stiffness 	kl 

(internal 	pressure) 	of 	the 	tires 	13 	can 	be 	maintained, 

loads 	imposed 	to 	the 	tires 	13 	can 	be 	ensured. 

Additionally, 	since 	it 	is 	not 	necessary 	to 	lower 	the 

spring 	stiffness 	k3 	of 	the 	air 	springs 	53, 	the 	contact 
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between the underframe 3a side and the spring receptacles 

22 can also be prevented. 

[0044] 

	

In 	addition, 	since 	the 	spring 	stiffnesses 	kl 	to 	k3 

of 	the 	tires 	13, 	the 	elastic 	members 	54, 	and 	the 	air 

springs 	53 	become 	smaller 	in 	this 	order, 	the 	difference 

between the spring stiffnesses 	kl 	and k2 	of the tires 	13 

and 	the 	elastic members 	54 	can be made 	smaller 	than 	the 

difference between the spring stiffnesses kl and k3 of the 

tires 	13 	and 	the 	air 	springs 	53. 	Accordingly, 	a 	high- 

frequency vibration input from the track 5 to the tires 13 

can be effectively absorbed by the elastic members 54. 

[0045] 

	

Additionally, 	in the present embodiment, 	by adopting 

the 	independent 	type 	of 	suspension 	in which 	the pair 	of 

tires 13 disposed on both sides 	in the leftward-rightward 

direction 	are 	elastically 	supported 	by 	the 	primary 

suspension 	mechanism 	51 	and 	the 	elastic 	members 	54, 

respectively, 	the 	weight 	of 	the 	primary 	spring 	lower 

member 	can 	be 	made 	smaller 	than 	a 	configuration 	(for 

example, 	an axle suspension type) 	in which the 	respective 

tires 	13 	are 	integrally 	supported. 	Accordingly, 	the 

weight 	conforming 	irregularities 	of 	the 	track 	5 	can 	be 

made small, 	and the vibrational 	energy input to the tires 

13 can be made small. 	As a result, 	excellent ride quality 
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can be ensured. 

Additionally, 	by 	adopting 	the 	independent 	type 	of 

suspension, 	the 	conforming 	of 	the 	tires 	13 	relating 	to 

irregularities 	of 	the 	track 	5 	can 	be 	improved, 	and 	the 

contact situation between the tires 13 and the track 5 can 

be improved. 	As a result, 	slipping or idling of the tires 

13 	is 	suppressed, 	so 	that 	wear 	of 	the 	tires 	13 	can 	be 

suppressed and traveling can be stabilized. 

[0046] 

Moreover, 	by 	adopting 	the 	independent 	type 	of 

suspension, 	for example, 	wheel 	loads 	can be independently 

adjusted between the left and right tires 13 by adjusting 

the height of a portion 	(a portion where an elastic member 

54 indisposed) 	located between each upper arm 61 and each 

spring 	receptacle 	22, 	using 	a 	liner. 	Accordingly, 	the 

wheel load difference between the left and right tires 13 

is 	easily 	adjusted, 	and 	variations 	in 	partial 	wear 	or 

durability can be made uniform between the left and right 

tires 13. 	Accordingly, 	the maintenance costs of the tires 

13 can be reduced, 	maintenance work costs related to tire 

replacement 	can 	be 	reduced, 	and 	maintainability 	can 	be 

improved. 

[0047] 

The present embodiment 	has 	a 	configuration in which 

the primary suspension mechanism 51 of the double wishbone 
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type is adopted as the primary suspension mechanism 51. 

According 	to 	this 	configuration, 	since 	two 	arms 	of 

the upper arm 61 and the lower arm 62 are pin-coupled to 

the sub frame 11 and the kingpin 26, 	respectively, 	changes 

in camber angle based on the displacement of each tire 13 

in 	the 	upward-downward 	direction 	can 	be 	minimized. 

Accordingly, 	the situation of contact with the track 5 can 

be reliably improved. 

In 	addition, 	since 	the 	two 	arms 	61 	and 	62 	are 

provided as described above, 	the smooth and stable rocking 

of the respective arms 61 and 62 becomes possible, 	and the 

center 	at 	the 	time 	of 	rolling 	(the 	rotation 	of 	the 	car 

body 3 around a longitudinal axis) 	is easily set. 

[0048] 

	

Moreover, 	the present embodiment has a configuration 

in which the 	second suspension mechanism 52 	that 	is 	the 

parallel 	link 	mechanism 	is 	adopted 	as 	the 	second 

suspension mechanism 52. 

According 	to 	this 	configuration, 	since 	the 

suspension 	frame 	73 	and 	the 	sub 	frame 	11 	are 	combined 

together by the two link 	(the upper link 71 and the lower 

link 	72), 	it 	is 	possible 	to 	adopt 	relatively 	lightweight 

links. 

Additionally, 	by 	adjusting 	the 	lengths 	of 	the 

respective 	links 	71 	and 	72 	using 	a 	liner, 	adjustment 	of 
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the caster angle 	(the inclination in the forward-rearward 

direction) 	of 	the 	kingpin 	26 	or 	adjustment 	of 	the 

positions 	of 	the 	guide 	wheel 	33 	and 	the 	steering 	guide 

device 	14 	in 	the 	forward-rearward 	and 	upward-downward 

directions also become possible. 

Moreover, 	by 	arranging 	to 	incline 	the 	respective 

links 	71 	and 	72 	with 	respect 	to 	the 	track 	5 	like 	the 

present 	embodiment, 	component 	forces 	in 	the 	upward- 

downward direction are generated in the 	forces 	of acting 

on the 	respective 	links 	71 	and 72 due to reaction forces 

that 	act 	on contact portions 	of 	the tires 	13 	at the 	time 

of 	the 	acceleration 	and 	deceleration 	of 	the 	vehicle 	1. 

The component forces act on the car body 3 as a moment in 

a direction reverse to an inertia moment to rotate the car 

body 3 around a 	lateral axis 	at 	the 	time of acceleration 

and deceleration 	(pitching displacement). 	For this reason, 

the pitching displacement at the time of acceleration and 

deceleration 	can 	be 	suppressed, 	and 	ride 	quality 	can 	be 

stabilized. 

[0049] 

In 	the 	suspension 	device 	16 	of 	the 	present 

embodiment, 	by 	adopting 	the 	double 	suspension 	mechanism 

consisting of the primary suspension mechanism 51 	and the 

second 	suspension 	mechanism 	52, 	the 	respective 

characteristics 	of 	the 	above-described 	respective 
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suspension mechanisms 51 and 52 can be mutually utilized. 

[0050] 

Since 	the 	vehicle 	1 	(steering 	bogie 	2) 	of 	the 

present embodiment includes the above-described suspension 

device 	16, 	floor vibration can be 	reduced as well as 	the 

spring 	stiffness 	of 	the 	tires 	13 	being 	able 	to 	be 

maintained. 	As a result, 	comfortable ride quality can be 

realized 	as 	well 	as 	loads 	imposed 	to 	the 	tires 	13 	being 

able 	to 	be 	ensured. 	Additionally, 	improvement 	in 	the 

speed of the vehicle 1 can also be realized. 

[0051] 

<Second Embodiment> 

Next, 	a 	second embodiment 	of 	the 	invention will be 

described. 	The present 	embodiment 	is 	different 	from the 

above-described first embodiment in that a swing axle type 

is 	adopted 	as 	the 	primary 	suspension 	mechanism. 	In 

addition, 	in 	the 	following 	description, 	the 	same 

components 	as 	those 	of 	the 	above-described 	first 

embodiment will be designated by the same reference signs, 

and the description thereof will be omitted. 

As 	illustrated 	in 	Figs. 	6 to 	8, 	in a vehicle 	100 	of 

the present embodiment, 	a primary suspension mechanism 101 

includes 	a 	pair 	of 	left 	and 	right 	arms 	102 	extending 	in 

the 	leftward-rightward 	direction 	below 	the 	power 

transmission shafts 	12. 	An inner end of each arm 102 	in 
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the 	leftward-rightward 	direction 	is 	pin-coupled 	to 	the 

basal 	part 	21 	of 	the 	sub 	frame 	11, 	and 	an 	outer 	end 

thereof is fixed to the kingpin 26. 	Additionally, 	the arm 

102 	is 	provided 	with 	a 	pedestal 	part 	103 	that 	protrudes 

upward, 	and each elastic member 54 	is disposed between an 

upper surface of the pedestal part 103 and a lower surface 

of each spring receptacle 22. 

[0052] 

	

According to the present embodiment, 	in addition to 

exhibiting 	the 	same 	effects 	as 	those 	of 	the 	above- 

described 	first 	embodiment, 	by 	adopting 	the 	primary 

suspension mechanism 101 of the swing axle type, 	reduction 

of 	the 	number 	of 	parts 	and 	simplification 	of 	the 

configuration 	can 	be 	achieved 	compared 	with 	the 	primary 

suspension 	mechanism 	51 	(Fig. 	1) 	of 	the 	above-described 

double wishbone type. 

Additionally, 	worn-away 	parts 	are 	few 	and 

maintenance is easily performed, 	compared with the primary 

suspension 	mechanism 	51 	(Fig. 	1) 	of 	the 	above-described 

double wishbone type. 

	

Moreover, 	the 	space 	above 	each 	arm 	102 	can 	be 

ensured 	to 	be 	wide 	by 	arranging 	the 	arm 	102 	under 	the 

power 	transmission 	shaft 	12. 	Accordingly, 	the 	layout 

performance of respective components can be improved. 

[0053] 

- 33 - 



<Third Embodiment> 

Next, 	a 	third 	embodiment 	of 	the 	invention 	will 	be 

described. 	The present 	embodiment 	is different 	from the 

above-described 	first 	and 	second 	embodiments 	in 	that 	a 

swing 	arm mechanism 	is 	adopted 	as 	the 	second 	suspension 

mechanism. 	In addition, 	in the following description, 	the 

same components as those of the above-described first and 

second 	embodiments 	will 	be 	designated 	by 	the 	same 

reference 	signs, 	and 	the 	description 	thereof 	will 	be 

omitted. 

As 	illustrated in Figs. 	9 to 11, 	in a vehicle 200 of 

the present embodiment, 	a second suspension mechanism 201 

includes a link member 203 that couples a suspension frame 

202 	and 	the 	spring 	receptacles 	22. 	The 	link member 	203 

assumes a V shape in a plan view as seen from the upward- 

downward 	direction, 	has 	two 	arms 	coupled 	together 	at 	a 

rear end thereof, 	and extends toward the outer side in the 

leftward-rightward direction as 	it 	becomes 	closer 	to 	the 

front 	side. 	The 	rear 	end of the 	link member 	203 	is pin- 

coupled 	to 	the 	suspension 	frame 	202 	extending 	downward 

from a central part of the underframe 3a in the leftward- 

rightward direction. 	Meanwhile, 	a 	front 	end of the 	link 

member 	203 	is 	integrally fixed to 	each 	spring 	receptacle 

22. 

[0054] 
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According 	to 	this 	configuration, 	in 	addition 	to 

exhibiting he same effects as those of the above-described 

first 	embodiment, 	reduction 	of 	the 	number 	of 	parts, 

simplification of the configuration, 	and weight reduction 

can be achieved compared with toe parallel link mechanism. 

By 	forming 	the 	link 	member 	203 	in 	a 	V-shape, 	the 

length 	of 	the 	link 	member 	203 	in 	the 	forward-rearward 

direction 	can be 	shortened 	as 	well 	as 	the 	length 	of 	the 

arms in its extending direction being able to be ensured. 

	

Moreover, 	since 	a 	configuration 	in 	which 	the 	link 

member 	203 	is 	fixed 	to 	each 	spring 	receptacle 	22 	is 

provided, 	it is also possible to integrally form the link 

member 	203 	and 	the 	sub 	frame 	11. 	Accordingly, 	further 

simplification and weight reduction can be achieved. 

[0055] 

<Fourth Embodiment> 

	

Next, 	a 	fourth 	embodiment 	of 	the 	invention will 	be 

	

described. 	As 	illustrated 	in 	Figs. 	12 	to 	15, 	a 	vehicle 

300 of the present embodiment is different from the first 

to 	third 	above-described 	embodiments 	in 	that 	the 	swing 

axle 	type 	is 	adopted as 	the primary suspension mechanism 

101 	and the swing arm mechanism is adopted as the second 

suspension 	mechanism 	201. 	In 	addition, 	since 	the 

configurations of the respective suspension mechanisms 101 

and 201 are the same configuration as the above-described 
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second and third embodiments, 	the description thereof will 

be omitted. 

[0056] 

In 	addition, 	it 	should 	be 	understood 	that 	the 

technical 	scope 	of 	the 	invention 	is 	not 	limited 	to 	the 

above-described embodiments, but various modifications may 

be 	made 	to 	the 	above-described 	embodiments 	without 

departing 	from the spirit of the 	invention. 	That 	is, 	the 

specific structures, 	configurations, 	or the like mentioned 

in 	the 	embodiments 	are 	merely 	examples, 	and 	can 	be 

appropriately changed. 

For 	example, 	a 	configuration 	using 	a 	so-called 

single 	tire 	in 	which 	one 	tire 	13 	as 	a 	running 	wheel 	is 

attached 	to 	each 	tire 	attachment 	shaft 	27 	has 	been 

described 	in 	the 	above-described 	embodiments. 	However, 

the invention is not limited to this. 	For example, 	a dual 

tire 	in 	which 	two 	tires 	13 	are 	attached 	to 	each 	tire 

attachment 	shaft 	27 may be 	used. 	Additionally, 	three 	or 

more 	tires 	13 	may 	be 	attached 	to 	each 	tire 	attachment 

shaft 27. 

[0057] 

More, 	in the primary suspension mechanism 51 	of the 

double 	wishbone 	type 	described 	in 	the 	above-described 

first 	and second embodiments, 	the 	respective 	arms 	61 	and 

62 may extend parallel 	to 	each other. 	Additionally, 	the 
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spacing 	between 	the 	respective 	arms 	61 	and 	62 	in 	the 

upward-downward 	direction 	in 	their 	outer 	ends 	in 	the 

leftward-rightward direction may be 	set 	to become 	larger 

compared to that at 	their 	inner ends. 	In this 	case, 	the 

camber angle of a tire 13 located on an outer rail side at 

the 	time 	of 	rolling 	easily becomes 	a 	negative 	camber 	in 

which 	an 	upper 	part 	is 	tilted 	to 	the 	inner 	side 	in 	the 

leftward-rightward direction. 	Therefore, 	the situation of 

contact of the tire 13 located on the outer rail side with 

the 	track 	5 	can 	be 	improved, 	and 	a 	lateral 	load 	that 

causes rolling can be easily received. 

[0058] 

Moreover, 	in the suspension device 	16 of the above- 

described first and second embodiments, 	a configuration in 

which each elastic member 54 is deposed between each upper 

arm 	61 	and each spring 	receptacle 	22 has been described. 

However, 	the invention is not limited to this. 

For 	example, 	a 	configuration 	in 	which 	an 	elastic 

member 	is 	disposed 	between 	each 	lower 	arm 	62 	and 	each 

spring receptacle 22 may be adopted. 

The 	elastic members 	are 	not 	limited 	to 	rubber, 	and 

appropriate design changes is possible, 	like a coil spring 

or the like. 

[0059] 

In the above-described embodiments, 	cases where 	any 
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of 	the 	double 	wishbone 	type 	and 	the 	swing 	axle 	type 	is 

adopted 	as 	the 	primary 	suspension mechanisms 	51 	and 	101 

and any of the parallel link mechanism and the swing arm 

mechanism is 	adopted as 	the 	second suspension mechanisms 

52 and 202 have been described. 	However, 	the invention is 

not limited to this, 	and various suspension mechanisms may 

be adopted. 

[0060] 

In 	the 	above-described embodiments, 	a 	configuration 

in 	which 	the 	vehicular 	suspension 	device 	(suspension 

device) 	of the 	invention is 	adopted for the vehicle 	1 	of 

the 	side 	guide 	type. 	However, 	the 	invention 	is 	not 

limited 	to 	this. 	For 	example, 	the 	vehicular 	suspension 

device of the invention may be adopted for vehicles of a 

transport 	system 	of 	a 	central 	guide 	rail 	type 	(center 

guide 	type) 	in 	which 	a 	guide 	rail 	in 	an 	extending 

direction of a 	track 	is provided at 	the 	central position 

of the track in its width direction. 

In 	the 	above-described 	embodiments, 	a 	configuration 

in which the 	steering mechanism 15 	that 	steers 	the tires 

13 according to displacement of the steering guide device 

14 	is provided has been described. 	However, 	for example, 

a configuration in which the steering mechanism 15 is not 

provided may be adopted like a bogie truck. 

Moreover, 	a 	configuration 	in 	which 	the 	vehicular 
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suspension device 	(suspension device) 	of the invention is 

adopted for the vehicle of the track-based transportation 

system 	has 	been 	described 	in 	the 	above-described 

embodiments. 	However, 	the 	invention 	is 	not 	limited 	to 

this, 	and it is possible to adopt the vehicular suspension 

device for various vehicles. 

Industrial Applicability 

[0061] 

According 	to 	the 	vehicular 	suspension 	device, 	the 

steering bogie, 	and the vehicle 	related to the 	invention, 

floor 	vibration 	can 	be 	reduced 	as 	well 	as 	the 	spring 

stiffness 	of 	the 	running 	wheels 	being 	able 	to 	be 

maintained. 	Thus, 	comfortable 	ride 	quality 	can 	be 

realized as 	well 	as 	loads 	imposed to 	the 	running wheels 

being able to be realized. 

Reference Signs List 

[0062] 

1, 	100, 	200, 	300: 	VEHICLE 

2: STEERING BOGIE 

3: CAR BODY 

5: TRACK 

6: GUIDE RAIL 

11: 	SUB FRAME 	(FRAME) 

13: TIRE 	(RUNNING WHEEL) 

14: STEERING GUIDE DEVICE 
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16: SUSPENSION DEVICE 	(VEHICULAR SUSPENSION DEVICE) 

51, 

81: 

101: 	PRIMARY SUSPENSION MECHANISM 

HEIGHT-ADJUSTING DEVICE 	(AIR SUPPLY AND EXHAUST 

MECHANISM) 
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Claims 

[Claim 1] 

A vehicular suspension device comprising: 

a 	pair 	of 	primary 	support 	parts 	that 	respectively 

and 	elastically 	support 	running 	wheels 	having 	elasticity 

disposed on both sides in a vehicle width direction on a 

frame; 	and 

a 	secondary 	support 	part 	that 	is 	disposed 	between 

the 	frame 	and 	a 	car body 	and 	integrally 	and 	elastically 

supports 	the 	pair 	of 	primary 	support 	parts 	and 	the 	car 

body via the frame. 

[Claim 2] 

The vehicular suspension device according to Claim 1, 

wherein, 	if 	the 	spring 	stiffness 	of 	the 	running 

wheels 	is 	defined 	as 	kl, 	the 	spring 	stiffness 	of 	the 

primary 	support 	parts 	is 	defined 	as 	k2, 	and 	the 	spring 

stiffness of the secondary support part is defined as k3, 

kl > k2 > k3 is 	satisfied. 

[Claim 3] 

The vehicular suspension device according to Claim 1 

or 2, 

wherein the spring stiffness 	of the primary support 

parts 	is 	set to 	1/2 	or more or 2/3 	or less 	of the 	spring 

stiffness of the running wheels. 
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[Claim 4] 

The vehicular suspension device according to any one 

of Claims 1 to 3, 

wherein the primary support parts includes 

a 	primary 	suspension 	mechanism 	that 	couples 	the 

running wheels and the 	frame so as to be displaceable in 

an upward-downward direction, 	and an elastic member that 

is 	arranged between the primary suspension mechanism and 

the frame. 

[Claim 5] 

The vehicular suspension device according to any one 

of Claims 1 to 4, 

wherein the secondary support part includes 

an air spring that is arranged between the car body 

and the frame, and 

an 	air 	supply 	and 	exhaust 	mechanism 	that 	performs 

air 	supply 	to 	and 	exhausting 	from 	the 	air 	spring 	and 

adjusts 	the 	height 	of 	the 	air 	spring 	in 	the 	upward- 

downward direction, 	and 

wherein 	the 	air 	supply 	and 	exhaust 	mechanism 

performs air supply to and exhausting from the air spring 

on 	the 	basis 	of 	the 	total 	displacement 	of 	the 	primary 

support 	parts 	and 	the 	secondary 	support 	part 	in 	the 

upward-downward direction with respect to the car body. 

[Claim 6] 
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A steering bogie comprising: 

the running wheels; 

a 	steering 	guide 	device 	that 	is 	guided 

rail extending along a track; and 

the vehicular suspension device according 

by 

to 

a 	guide 

any one 

of 	Claims 	1 	to 	5 	that 	is 	disposed 	between 

wheels and the car body. 

the running 

[Claim 7] 

A vehicle comprising: 

the car body; and 

the 	steering 	bogie 	according 	to 	Claim 

provided in a lower part of the car body. 

6 that 	is 
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