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[57] ABSTRACT

Two pairs of driven wheel units and a pair of driving
wheel units are rotatably mounted on the underside of
a loading bed at the front, rear and the intermediate
positions of the bed, each wheel unit including at least
a pair of wheels mounted on an axle which is pivotally
mounted to the loading bed and operatively rotated by
a hydraulic mechanism. A travel mode designating
mechanism is operatively associated with the hydrau-
lic mechanism so as to set the respective wheel units
in a desired direction individually providing for
travelling of the carriage in longitudinal, transverse or
gyratory movement and for steering of the individual
wheel units during travelling of the carriage.

20 Claims, 26 Drawing Figures

LA




3.680.653

PATENTEDAUG 1 1872

SHEET 01 OF 13

i

li

INVENTORS

TOSHITHIKO TAKEDLA,

vﬂaRIO MURATA,

AKLO KTSUMEI and

I-IIROCHIIfﬂ SAKA L,

NOBUY UKL

MATSUDA

ATTORNEYS

/.
L=
=

Icr
~N
R
g
J'
-~
~
N
3
X
S
[2a}



PATENTEDAUS 1 1972 3.680.653
SHEET 02 OF 13

INVENTORS
NORLO MURATA, TOSHLHI KO r‘AK'EDAI'

HIKocHLKA SAKAL, AKIL0 ursuml dnd
NoBUYWKkIL MATSUDA

BY . N ) .
ol ) Al ne lee, oflecma of ¥ Nell.

/ ATTORNEYS



PATENTEDAUE 1 1872
SHET 03 OF 13

FI1G 6

3,680,653

- 2
—
3 N
,\\Xr-ﬂ/,jrh PRI
S -
—//
] G- ¢1. .11 r,.r1
o N T i =
e J L g
a
e

4 \'LLJ;

: : \\m-\[ - :
F/G. 7 - '”(L LLJJI\‘EJ u

N

P |
é -3 e /\3 3a

| 1

. e \3 !

4 £ %‘ “n-t40
; 5

. ’ { A 4 \\‘
Jd |t \ 1%

30

4a

>13e

INVENTORSS

NeRIEO MURATA, TOSHIAHIKO TAKEDA‘

HIROC HIKA SAKAL, AKIO urTsumiI and

NoB UYUKTI MATSUDA

RY

w g rclencdts, Ve b~ Held

ATTORNEYS



PATENTED AUE 1 872

3,680,653

SHEET

04 OF 13

INVENTORS

roSHI HIKC TAKEDA,

NORIO MURATA,

. al
b
S
R
NS
b w o8
c .
L] - W
o S <
~
S F
3 v
...H -
S
a- .u.
N T
X ~
< 4
&
- T <
R .
T 3
i~
A < ~
2 ~
T.E
gy
I3
RS
o I
M Q
o
T =2



3.680.653

PATENTEDAUS 1 to72

05 0F 13

SHEET

L

ct! NV\QVV\ ,\,QV\

| Eovf -4t/

it W

INVENTORS

TOSHIHIIKKO T'AKED/\)

NORTO MURATA,

AKZO UTSU MmI and

HTROCHIKA $S$AKAT,
NOBUYUKE MATSUD A

BY

/("‘/Qn.l_«w, oleesra. /o }/c 144

ATTORNEYS

}

(/Lazj



PATENTEDAUE 1 1972

FIG. 11

3,680,653

SHEET 0B OF 13

50~

25 =

99 =251
59 he
5/ A

56 A o

&

N
529 -
i
5'34 62

INVENTORS

NORLZO MURATA, TOsHLKHIKC T'ANFDA,
HLROCHLIKA SAKAL, AKLO UTsumdceI d4nd

NOBUYU KT MATSUOA
- BY%'M,MyW(

ATTORNEYS



PATENTEDAUG 1 1872

FlG. 14

3.680,653

SHEET 07 OF 173

NORZIO MURATA,
HIROCHI KA

TOSHIHIKO TAKEDA,
SAKAL,

AKZO UTSUMI and
NOBUYUKL MATSUDA

BY N B
’ (/l.n (j, /é"—"r{l‘l&; ’%"'d'wu/w’ )/((( .
T o ~ ATTORNEY'S

- INVENTORS



PATENTEDAUS 1 872 | 3.680,653
SHEET 08 OF 13 |

i 7 56 o\ 50 3c\42c
b | el el ench
* 57 2 L3357 e
2 o 200 Lo |1 og 97
206 .
z S e 54 e
‘300, -"ﬂ > i ’\%
| 220 A\
=g AT ks
34d WA
30 = ’ o 4?46/

INVENTORS

NORIO MURATA, TOSHIHIKO i AKE DA,
HEROCHE KA SAKAL, AKLO UTSUML ond

NeBUYURL MATSUDA

BY ' S
¢(<; ‘jl/(n L k'L’L‘/'J(‘"-".! Y N’-((

ATTORNEYS



PATENTEDAUS 1 1972

&

30d 9ad . | s
/
o e
Q‘ 44d

X

360

\\//

| 3,680,653
SHEET 09 OF 13 ‘
FIG 7
Jéa
9
4 » > 34%20
97| AR
ol W""&#/ 30a
Sl &%
"-.\‘g 440 ! . :
W75 ) 57
! & 24
/& \
/e /20 85 40 \
VZA\GS _—e.» 30c
”’Jf]/\lg‘\ e V430 A /
//9 2/ t“\!t 50 3o _ 346
G4 /6 & - A P
/3/522 24 W Ul VA e
108 10~ «:lll 99 U J6r
= 57’ 'll 976
L TR 54
t\ /299 445 ,

o

@D;:

INVENTORS

NORZIO MURATA, TOSHIHIKO TAKEQA,

HTROCHIKA SAKAL, AKILIO UTS UMLI and

NOBUY L K1 MATSU DA

PR ,"\/1 "(.
" ATTORNEY)S

- . i
/ /g Conetd, &eia
U &.x.‘/, .



PATENTEDAUE 1 1672 3.680.653
SHEET 10 OF 13 |

FlG.20

69 120

S A A
‘ 67 ||
'./68/@ J s

vy

A

K—\T“_{_-\\\\j

INVENTORS
NORZO MURATA, TOSHIH:I’KO T/IKEDA'

HIROCHENA SAKAL, ARIO UTSUMT gnd

NAYLLY (OR T MAT S DA
BY ' )
C/La,- If{n (o2 N .-v'/&;.ha¢/ o ;\1‘-(—(
7 : ATTORNEYS



PATENTEDAUS 1 1972 3.680.653
- SHEET 11 OF 13

FlG. 2/
/ o |
! '/
j | /549a
L [ 154
= 159 P
iz 2 153D
161~ - 6/ |
e e TN AP
T o 7 i |
/5%\; ! B g ﬂ”, NS H-/59
/59 M [.' Q U /56
/590 > ! H % ”‘
!l.,i ||| s' S ll | l
55t SR I 0= A0 R e
B2 155 163  '8a, Y90, 16362 \/52

18a" 19g"

INVENTORS

NORIO MURATA, TOSHIL HIKo TAKEBA,

HLROCHIKA SAKAT, AKTO UTSUMI and

NOBUYUKTI MATSUDA

BY%I W M > NLU

ATTORNEYS



PATENTEDAUE 11872 | 3.680.653
SHEET 12 OF 13

FIG 22
3o 48 4a 160 160 174 198 145

— T L I ] s ,) " 3c
/48{ _Jfl r /7 § /ﬁ@_,

1731148 148 46 BO 16075 48| /48

t Z

)

AlT Tl O ' ]
/76 |_|_| 1773 LLI 1787 LL

183 /352, WA
Lrm3
Fl16G. 23
ly 3a 4 200 3c
R (f-as oo
on 0

9
-

rm
i F
(s
()
A
1t
[
[
r
| b7

r-=" " i |

Ly L -d L -
Fy r1 27\
Vo4 Nmd Nt

LY ——— Lo

Lp—J L= Ly—d
1

3b° a4 20 3d

INVENTORS

NORLEO MURATA, TOSHIHIKO TAKEDA
HEIROCHIKA SAKAL, AKL0 uUTSUMT 3,4

NOBUYUNL MATSUDA

(/,,,7 Aoclo xabli, sflocorn it ~ Ml (
o - ATTORNEYS



PATENTEDAUS 1 1972 ’ 3.680.653
SHEET 13 0F 13

FlG.24 /\ 30 40’ 200 3c
v h// ,_(/_'-_‘ L )

5 . ey
{ [S
Ny A Ane A ,-';‘),)\/
2 IS 7 \pLod Ay
vy I ARV

IV, 203 SN

oV . - .- ("
\\ |
. ~_ |
( O3~
-]

(:,\,f" L:_,E] - ,/“;
R i ol -~
RPN )\ %[‘\{,‘,]
. AR ok p
A s byj=d l] Ao

Sbaoiab” 208 3d

I, /‘ /
I~ ey
2 3 A

<A (Y, VY
v A A\ TS
< ‘:\&(\ \:{ //((3 v
&S N v
Og~«
\
A . - \\.
<N A~ ~.
AN . \'\—XF - SN
~ { ™ - ﬁ,/“\ 4%’\ /‘/s
<\"‘<‘ )’ ,>§\,A\ \ v Nz
N3 { (,/\"{ N Ly \

FIG. 26 2010 2020
I~ Jo 304049 | 3C2 3G

N
7 T t
/ I !
' [ agiagti ] ey -L—v’ J—-x --J'v -t
[ s [ [ S [ [
i el - Y. \ 2N
e e 3 (1Y 9
= ratig == [ ] = by -——
=3 =3 [ =3 jagups) | —
. 4
——— ——q ——— -—= — -
e Comd oZ2 =2 [ g—" fulpumge
= = Pl bilt 24 =3
e 9, e X Y s/
e} c=n T2 g oo o=
= =2 ™ 3
= T b h T T T
\ 3\ 1 Il \
T L s

36 3bs 4bi| 4bz\ 3dz 3d

INVENTORS

NORIO MURATA, TOSHIHIKO TAKEDA,

HEROULH LKA SAKAL, AKLIO uTsumMmA and

NOBMUMYUNI MATISUDA

BY Goas, Atometle, Aot v Wl

ATTORNEYS



3,680,653

1

SELF-DRIVEN CARRIAGE

The present invention relates to a self-driven car-
riage adapted for use in the transportation of articles of
large size and heavy weight.

The vehicles which have heretofore been used at a
dockyard or the like for the transportation of large size,
heavy weight articles, such as ship blocks, are generally
of the trolley or trailer type, so that there have been a
number of problems, such as that the maneuvering of
the vehicles in a narrow loading or unloading site is dif-
ficult, that the working efficiency is poor and that a
crane or the like facility is required for loading and un-
loading of such heavy articles.

The major object of the present invention is to pro-
vide a self-driven carriage capable of moving in both
the longitudinal and transverse directions as required
by the condition of the path of transportation.

Another object of the present invention is to provide
a self-driven carriage capable of gyration at the spot
where it is located. _

Still another object of the invention is to provide a
self-driven carriage equipped with a jack mechanism
for loading and unloading heavy articles.

These and other objects, features and advantages of
the invention will become apparent from the following
detailed description when taken in conjunction with
the accompanying drawings, in which:

FIGS. 1 to 22 inclusive show an embodiment of the
self-driven carriage according to the present invention,
in which:

FIG. 1 is a plan view of the self-driven carriage;

FIG. 2 is aside view of the self-driven carriage;

FIG. 3 is a plan view of a power transmitting
mechanism;

FIGS. 4 and § are views for explaining the different
operations of a gear mechanism employed in the
present invention, respectively;

FIGS. 6 to 8 inclusive are views respectively showing
the positions of driven wheel units and driving wheel
units during travelling of the self-driven carriage, in
which FIG. 6 is a view showing the positions of said
wheels during travelling of the self-driven carriage in a
longitudinal direction, FIG. 7 is a view showing the
positions of the same during travelling of the self-driven
carriage in a transverse direction, and FIG. 8 is a view
showing the positions of the same during gyration of
the carriage;

FIGS. 9 to 17 inclusive are views of a steering
mechanism of the self-driven carriage respectively, in
which FIG. 9 is a plan view of the steering mechanism,
FIG. 10 is a side view of the same, FIG. 11 is a sectional
view of travel mode designating means for the driven
wheel units, FIG. 12 is a sectional view taken on the
line A—A of FIG. 11, FIG. 13 is a sectional view of a
stopper as viewed in the direction of arrow B in FIG. 9,
by which the position of the driven wheel is set for gyra-
tion of the carriage, FIG. 14 is a sectional view of travel
mode designating means for the driving wheel units,
FIG. 15 is a sectional view taken on the line C—C of
FIG. 14 FIG. 16 is an overall illustrative view of a steer-
ing mechanism for travelling in a longitudinal direction,
and FIG. 17 is an overall illustrative view of a steering
mechanism for travelling in a transverse direction;

FIG. 18 is a sectional front view of the driven wheel
unit;

FIG. 19 is a sectional side view of the driven wheel
unit;
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2

FIG. 20 is a sectional front view of the driving wheel
unit;

FIG. 21 is a sectional side view of the driving wheel
unit;

FIG. 22 is a hydraulic circuit diagram of a hydraulic
balancing mechanism and a hydraulic jack mechanism;

FIGS. 23 to 26 inclusive are another embodiment of
the self-driven carriage according to the present inven-
tion, in which:

FIG. 23 is a plan view of the self-driven carriage;

FIGS. 24 and 25 are plan views respectively showing
the positions of the driven wheel units and the driving
wheel units during gyration of the carriage; and

FIG. 26 is a plan view showing a modification of the
carriage shown in FIG. 23.

An embodiment of the present invention will be
described with reference to FIGS. 1 to 22. Referring to
FIGS. 1 to 3, reference numeral 1 designates a loading
bed; 2 an operator’s cabin fixedly secured to the under- -
side of the front end of the loading bed 1; 3a, 3b a pair
of driven wheel units pivotably mounted on the under-
side of the front portion of the loading bed 1, the
pivotal positions of the respective wheel units 3a and 3b
being located in transversely symmetrical relation with
respect to the longitudinal axis of the carriage; 3c and
3d another pair of driven wheel units pivotably
mounted on the underside of the rear portion of the
loading bed 1 in transversely symmetrical relation; 4a,
4b a pair of driving wheel units pivotably mounted on
the underside of the intermediate portion of thelloading
bed 1 in transversely symmetrical relation; § an engine
fixedly mounted on the underside of the rear end of the
loading bed 1; 6 a transmission; 7 a reversing
mechanism; 8 a gear mechanism, fixedly mounted on
the underside of the loading bed 1 between the driving
wheel units 42 and 4b; and 9 a propeller shaft through
which the drive force of the engine § is transmitted to
the gear mechanism 8. The output shafts 10a, 10b of
the differential gear mechanism 8 are operatively con-
nected to input shafts 134, 136 of bevel gear
mechanisms 12a, 12b through propeller shafts 11a, 116
respectively, which bevel gear mechanisms are fixedly
mounted on the underside of the loading bed 1. Qutput
shafts 14a, 14b of the bevel gear mechanisms 124, 125
are operatively connected to input shafts 172, 176 of
differential gear mechanisms 16a, 16b through
propeller shafts 154, 15b respectively, which dif-
ferential gear mechanisms are provided on the respec-
tive driving wheel units 4a, 4b, and output shafts or
axles 18a, 184’ and 18b, 18b’ of the differential gear
mechanisms 164, 16b are operatively connected to
driving wheels 19, 194’ and 19b, 195’ respectively to
transmit a driving force.

Details of the gear mechanism 8 will be described
with reference to FIGS. 4 and §. In FIGS. 4 and 5,
reference numeral 20 designates an input shaft which
connects the propeller shaft 9 to reduction bevel gear
21. A differential gear mechanism 22 comprises a cas-
ing 22b having a driven reduction bevel gear 224 inter-
meshing with the reduction bevel gear 21, a plurality of
differential bevel gears 22¢ and differential shafts 22d,
22¢. The differential shaft 224 is connected to the out-
put shaft 105 through a clutch 23, whereas the dif-
ferential shaft 22¢ is directly connected with the output
shaft 10a. Reference numeral 24 designates a clutch by
which the driven reduction bevel gear 22a and the out-
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put shaft 10a are engaged with or disengaged from each
other, 25 a reversing bevel gear intermeshing with the
reduction bevel gear 21 and rotatably mounted on the
output shaft 10b, and 26 a clutch by which the
reversing bevel gear 25 and the output shaft 10b are en-
gaged with or disengaged from each other.

The gear mechanism 8 acts as a differential means
when the state shown in FIG. 4 upon releasing the en-
gagement between the driven reduction bevel gear 224
and the output shaft 10a by opening or disengaging the
clutch 24 and simultaneously releasing the engagement
between the reversing bevel gear 25 and the output
shaft 10b by opening or disengaging the clutch 26, and
* acts as a reversing means when shifted from the state
shown in FIG. 4 to the state shown in FIG. § upon
releasing the engagement between the differential shaft
224 and the output shaft 10b by operating the clutch 23
*and simultaneously engaging the reversing bevel gear

25 to the shaft 10a and '10b by closing the clutches 24
and 26, respectively. . :

:Now, the -different travel modes of the self-driven

carriage of the invention constructed as described
above will be explained with reference to FIGS. 6 to 8.
FIG. 6 shows the state of the carriage for travelling in a
_longitudinal direction wherein the all wheels 3a, 3b, 3c,
3d, 4a, and 4b are set in their first home positions
directing their axes perpendicular to the longitudinal
direction of the carriage. In this longitudinal travelling
mode, the gear mechanism 8 with is placed in the posi-
tion shown in FIG. 4 and the driven wheel units 3a, 3b,
3c, 3d are steered by steering a handle 127 in such a
manner that the extensions of the axes of the respective
driven wheels may intersect at the center 0 of rotation
(as will be described in detail later), whereby the car-
riage can travel smoothly either forwardly or
backwardly according to the switch.of the reversing
mechanism 7 ‘along a straight or a curved path in
response to steering the driven wheels from their first
home position. FIG. 7 shows the state of the carriage
for travelling in a transverse direction. In this trans-
verse travelling mode, the driven wheel units 3a, 3b, 3c,
3d-and the driving wheel units 4a, 4b are rotated 90°
into their second home positions shown in FIG. 8 from
the first home positions shown in FIG. 7 and the dif-
ferential gear mechanism 8 is still placed in the position
shown in FIG. 4 and thereafter said driven wheel units
3a, 3b, 3c, 3d and the driving wheel units 4a, 4b are
steered so that the extensions of the axes of the respec-

10

15

4

clockwise of counterclockwise according to the
switching of the reversing mechanism 7. .
_The construction of the steering mechanism of the -
self-driven carriage according to the invention will be
described hereunder with reference to FIG. 9 to 7.
Reference numerals 30q, 30b, 30c, 30d and 31q, 31
designate sector gears respectively fixed on top of the
driven wheel units 3a, 3b; 3c, 3d and driving wheel units
da, 4b, 32a, 32b, 32c; 32d and 33aq, 33b sector gears in-
termeshing with said sector gears 30q, 305, 30c, 30d
and 31a, 31b and pivotally secured to the loading bed 1
by means of pins 34a, 34b, 34c, 34d and 35a, 35b
respectively; and 36a, 36b, 36¢c, 36d and 37a, 37h
hydraulic cylinders for rotating the respective sector
gears 32a, 32b, 32c, 32d and 33a, 33b. These hydraulic
cylinders are pivotally mounted on the loading bed 1 at

" one end thereof by pins 38a, 38b, 38¢, 384 and 394, 39)

20

25

30

35

40

45

50

tive wheels may intersect at the center 0, of rotation (as *

will be described in detail later), whereby the carriage
can travel smoothly either rightwardly or leftwardly ac-
cording to the switching of the reversing mechanism 7
along a straight or a curved path. On the other hand,
FIG. 8 shows the state of the carriage for gyratory
movement. In this gyratory mode, the driving wheel
units 4a, 4b are set in a longitudinal direction of the
loading bed 1, same as in the case of travelling in a for-

ward or backward direction while the driven wheel

units-3a, 3b, 3c, 3d are set in their third home positions
so that the extensions of axes of the respective wheel
units 3a—3d and 4a —4b concentrate at central point 0,
(the center of gyration) with each other, and further
‘the gear méchanism 8 is placed in the position shown in
FIG. 5, whereby the self-driven carriage can gyrate
. smoothly around the center of gyration 0, either
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respectively and have piston rods 40a, 40b, 40¢, 40d
and 41a, 41b the outer ends of which are connected
with the sector gears 32a, 32b, 32c, 324 and 33q, 33b
by pins 42a-42d and 43a-43b respectively.

The arrangement is made such that then the hydrau-
lic cylinders 36a, 36b, 36c, 36d and 37a, 37b are actu-
ated, the driven wheel units 3a, 3b, 3c, 3d and the driv-
ing wheel units 4a, 4b can be rotated through an angle
of about 180° through the sector gears 30a, 305, 30c,
30d and 31a, 315 and the sector gears 32a, 32b, 32,
324 and 33a, 33b respectively which are in meshing en-
gagement with each other. This mesh engagement
should be so designed that the angle of rotation of the
intermeshing sector gears includes a shifting angle of
90° for the shifting of the carriage from the longitudinal
travelling direction ‘to the transverse travelling
direction or vice versa and steering tolerance angles of
about 45° in each of clockwise and counterclockwise
directions for steering of the carriage during travelling
in a longitudinal and a transverse directions. Reference
numerals 44a, 44b, 44c, 44d and 45a, 45b designate
travel mode designating mechanisms for: the driven
wheel units and the driving wheel units respectively
which are mounted on the underside of the loading bed
1 for cooperation with the respective hydraulic cylin-
ders 36a, 36b, 36¢, 36d and 37a, 37b, and details of
these travel mode designating mechanisms will be ex-
plained with reference to FIGS. 11 to 15. FIGS. 11 to
13 show the driven wheel travel mode designating
mechanisms 44q, 44b, 44c, 44d, in which reference nu-
meral 46 designates a bracket fixed to the underside of
the loading bed 1, 47 a shaft having the upper and
lower ends thereof supported by the bracket 46
through bearings 48, 49 respectively, 50 a longitudinal
travel mode designating lever, §1 a transverse travel
mode designating lever, 52 a steering lever, 53 a gyra-
tory travel mode designating lever, all of said levers
being pivotally mounted on the shaft 47. Reference nu-
meral 54 designates a valve control lever fixedly
mounted on the shaft 47; 55, 56, 57, 58 hydraulic cylin-
ders fixed on the longitudinal travel mode designating
lever 50, the transverse travel mode designating lever
51, the steering lever 52 and the gyratory travel mode
designating lever 53 respectively; 59, 60, 61, 62 piston
rods of the respective hydraulic cylinders 55, 56, 57,
§8; and 63, 64, 65, 66 holes bored in the shaft 47 cor-
responding to the respective piston rods 59, 60, 61, 62.
The arrangement is such that when the hydraulic cylin-
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ders 55, 56, 57, 58 are actuated, the piston rods 59, 60,
61, 62 of the respective hydraulic cylinders are
received in the holes 63, 64, 65, 66 respectively. How-
ever, only the travel mode designating mechanism 44¢
for the driven wheel unit 30c¢ is not provided with the
steering lever 52, the hydraulic cylinder 57 and the
hole 65. A hydraulic cylinder 67 has one end pivotally
connected to the gyration mode designating lever 53 by
a pin 68 and the other end supported on the bracket 46
through a pin 69. A pin 70 is fixed on the gyration
mode designating lever 53 and a stopper 71 is fixed on
the bracket 46 for engagement with said pin 70. When
the hydraulic cylinder 67 is actuated, the gyration
mode designating lever 53 is pivotally moved around
the shaft 47 until the pin 70 engages with the stopper
71, whereby said gyration mode designating lever 53 is
set in a transverse travelling position of the carriage. A
stopper guide 72 is fixed on the bracket 46 at an ap-
propriate position in order not to interfere the rota-
tional movements of levers 50, 51, 52,53 and 54 and a
stopper 73 is in this case vertically movably mounted in
said stopper guide 72. A hydraulic cylinder 74 is fixed
on the bracket 46 and a lever 75 is pivotally connected
to the stopper guide 72 by a pin 76. One end of the
lever 75 is connected to the piston rod of the hydraulic
cylinder 74 and the other end thereof is connected to
the stopper 73 by a pin 78, so that said lever 75 is
teetered incident to the operation of the hydraulic
cylinder 74. As shown in FIG. 13, the stopper 73 in its
lowered position acts as a stopper for the pin 70 of the
_ gyration mode designating lever 53 to set said gyration
mode designating lever in a gyratory travelling position
of the carriage.

FIGS. 14 and 15 show the travel mode designating
mechanism for the driving wheel units, which com-
prises: a bracket 79 fixed on the underside of the load-
ing bed 1; a shaft 80 having the upper and lower ends
thereof supported by the bracket 79 through bearings
81, 82 respectively; a transverse travel mode designat-
ing lever 83; a gyration mode designating lever 84
which are pivotally mounted on the shaft 80; a valve
control lever 85 fixedly mounted on the shaft 80;
hydraulic cylinders 86, 87 fixed respectively on the
transverse travel mode designating lever 83 and the
gyration mode designating lever 84 and having piston
rods 88, 89 respectively which piston rods are received
in corresponding holes 90, 91 formed in the shaft 80
upon actuation of said hydraulic cylinders 86, 87; a
hydraulic cylinder 92 having one end pivotally con-
nected to the gyration mode designating lever 84 by a
pin 93 and the other end supported on the bracket 79
through a pin 94; a pin 95 fixed on the gyration mode
designating lever 84 and a stopper 96 fixed on the
bracket 79 for engagement with the pin 95. When the
hydraulic cylinder 92 is actuated, the gyration mode
designating lever 84 is pivotally moved about the shaft
80 and the pin 95 is brought into abutment against the
stopper 96, whereby said gyration mode designating
lever 84 is set in a transverse travelling position of the
carriage.

Control valves 97a, 97b, 97¢, 97d and 98a, 98b each
have one end connected to pins 42a, 42b, 42¢, 42d and
43a, 43b and the other end connected to the valve con-
trol levers 54 and 85 through pins 99 and 100 respec-
tively, and are operated by the pivotal movement of
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6

said valve control levers 54 and 85, to operate the
hydraulic cylinders 364, 36b, 36¢, 36d and 37a, 37b
respectively. The longitudinal travel mode designating
levers 50 of two pairs of the driven wheel travel mode
designating mechanisms 44a, 44b and 44c, 44d are
operatively connected with each other by tie rods 101
and 102 respectively by means of pins 103, 104 and
105, 106. Likewise, the transverse travel mode
designating levers 51 of two pairs of the driven wheel
travel mode designating mechanisms 44a, 44¢ and 44b,
444 are operatively connected with each other by tie
rods 107 and 108 respectively by means of pins 109,
110 and 111, 112. The transverse travel mode designat-
ing levers 51 of the driven wheel travel mode designat-
ing mechanisms 44a and 44b, and the transverse travel
mode designating levers 83 of the driving wheel travel
mode designating mechanisms 454, 45b, are operative-
ly connected with each other by tie rods 113 and 114
respectively by means of pins 115, 116 and 117, 118.
Levers 120, 121, 122, 123 are fixedly mounted on an
intermediate shaft 119 which is rotatably supported by
brackets 124, 125 fixed on the underside of the central
portion of the loading bed 1. The lever 120 is con-
nected with a lever 128 by a tie rod 126 by means of
pins 129, 130. The lever 128 is moved by a steering
handle 127. The levers 121 and 122 are connected with
the steering levers 52 of the driven wheel travel mode
designating mechanisms 44a and 44b by tie rods 131
and 132 respectively by means of pins 133, 134 and
135, 136. The lever 123 is connected with the steering
lever 52 of the driven wheel travel mode designating
mechanism 444 by a tie rod 137 by means of pins 138
and 139. '

Now, the operation of the steering mechanism will be
explained hereunder. First of all the steering operation
in the longitudinal travelling of the carrage will be ex-
plained in referring to mainly FIG. 16. In the longitu-
dinal travel mode, all the wheels should have been
directed in their first home positions shown in FIG. 6.
Thereafter the hydraulic cylinders 55 of the driven
wheel travel mode designating mechanisms 44a, 44b,
44c, 444 should be actuated to engage the piston rods
59 of said respective hydraulic cylinders in the holes
63, in the state shown in FIG. 6, thus the longitudinal
travel mode designating levers 50 of the respective
driven wheel travel mode designating mechanisms are
engaged with the shafts 47 respectively. At the same
time, the hydraulic cylinders 57 of the driven wheel
travel mode designating mechanisms 44b, 444 should
only be actuated to engage the piston rods 61 of the
respective hydraulic cylinders in the holes 65 and
thereby to engage the steering levers 52 of the
mechanisms 44b and 44d with the shafts 47. Con-
sequently, once the steering handle 127 is operated, for
example, turned counterclockwise to turn the carriage
to the left as designated by an arrow in FIG. 16,
whereupon the rotation of the steering handle 127 is
transmitted to the intermediate shaft 119 through the
lever 128, the tie rod 126 and the lever 120, the steer-
ing levers 52 of the driven wheel travel mode designat-
ing mechanisms 44b and 444 are rotated through the
levers 122 and 123, and the tie rods 132 and 137
respectively, so that the shafts 47 of the driven wheel
travel mode designating mechanisms 44b, 44d are thus
rotated. The rotations of the shaft 47 of the
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mechanisms 44 and 444, cause on one hand rotations
of the levers 54 of the mechanisms 44b and 444, so that
the control valves 97b and 97d are actuated. This
causes actuations of the hydraulic cylinders 36b and
36d. The sector gears 32b and 324 are thus rotated
.around the pins 34b and 344 by the cylinders 36b and
364, and therefore the driven wheel units 3b and 3d are
steered through counterclockwise the sector gears 30b
and 30d in meshing engagement with said sector gears
32b and 32d respectively. On the other hand, the rota-

tion of the shafts 47 of the driven wheel travel mode

designating mechanisms 44b and 44d is transmitted to
the longitudinal travel mode designating levers 50 of
the driven wheel travel mode designating mechanisms
44a and 44c through the longitudinal travel mode
designating levers 50 of the mechanisms 44b and 444,
and the tie rods 101 and 102, so that the driven wheel
units 3a and 3¢ are also steered counterclockwise, by
the same operation as described ‘above, via the shafts
47, the valve control levers 54, the control valves 97a
and 97c, the hydraulic cylinders 36a and 36c¢, and the
sector gears 32a, 30a and 32c, 30c respectively. ,
‘The above-described steermg mechanism is  con-

structed such that the imaginary extensions of the axes

of the wheels of the respective driven wheel units 3a,
3b, 3c, 3d intersect at the point 0 on the imaginary ex-
tensions of the axes of the wheels of the respective driv-
ing wheel units 4a, 4b during the steermg operatlon as
showninFIG. 5.

~ Next, the steering operation as shown in FIG. 5 in the

transverse travelling of the carriage will be explained in

referring to mainly FIG. 17. In this case, all the wheels
should have been directed in their second home posi-
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- tions as shown in FIG. 7 and the hydraulic cylinders 56 33

and 86 of the driven wheel travel mode designating

mechanisms 44a, 44b, 44c, 44d and the driving wheel

travel mode designating mechanisms 45a, 45b should
be actuated to engage the piston rods 60 and 88 of the .o
respective hydraulic cylinders in the holes 64 and 90 -
and thereby to engage the transverse travel mode
designating levers 51 and 83 with the shafts 47 and 80
. -respectively. At the same time, the hydraulic cylinders
57 of the driven wheel travel mode designating
mechanisms 44a, 44b should be actuated to engage the
piston rods 61 of the respective hydraulic cylinders in
the holes 65 and thereby to engage the steering levers
52 with the shafts 47. When the stecring handle 127 is
- rotated counterclockwise to turn the carriage to the left
as shown by an arrow, the rotation of said steering han-
dle 127 is transmitted to the intermediate shaft 119
through the lever 128, the tie rod 126 and the lever
120, and as a result the shafts 47 are rotated via the
levers 121 and 122, the tie rods 131 and 132 and the
steering levers 52 of the driven wheel travel mode
designating mechanisms 44a and 44b respectively, so
. that the control valves 97a and 97b are actuated via the
respective valve control levers 54, thereby aétuating
the hydraulic cylinders 36a and 36b -associated 60
therewith. The sector gears 32a and 32b are rotated

around the pins 34a and 34b and thus the driven wheel

units 3a and 3b are steered in reverse relation to each
other through the sector gears 30a and 30b intermesh-
ing with said sector gears 32a and 32b respectively. At
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the same time, the rotation of the shafts 47 of the

driven wheel travel mode designating mechanisms 44a

- 8

and 44b is transmitted to the transverse travel mode
designating levers 51 of the driven wheel travel mode
designating mechanisms 44¢ and 44d via the transverse
travel mode designating levers 51 and the tie rods 107
and 108 and thus the driven wheel unit 3c is steered in
the same rotational direction as that of 3a; and unit 3d
is are steered in the same rotational direction as that of
3b, by the same operation as described above, via the -
shafts 47, the valve control levers 54, the control valves
97c and 97d, the hydraulic cylinders 36¢c.and 364, and
the sector gears 32c, 30c and 32d, 30d respectively.
Furthermore, the rotation of the shafts 47 of the driven
wheel travel mode designating mechanisms 44a and
44b is transmitted to the transverse travel mode
designating levers 83 of the driving wheel travel mode
designating mechanisms 45a and 45b through the trans-
verse travel mode designating levers 51 and the tie rods
113 and 114, and thus the driving wheel units unit 4a is
steered in the same rotational direction as those of 3a-
and 3c, and 4b is are steered simultaneously in the same
rotational direction as those of 3b and 3d via the shafts
80, the valve control levers 85, the control valves 98a

. and 98b, the hydraulic cylinders 37a and 37b, and the

sector gears 33q, 31a and 336, 31b.

The steering mechanism described above is con-
structed such that the i extensions of the
wheel axes of the driven wheel units 3a, 3b, 3¢, 3d and
the driving wheel units 4q, 4b intersect at the center of
0 gyration, 0,, during the steermg operat:on as shown in
FIG.17.

Shifting of the carriage from the longitudinal travel
mode to the transverse travel mode will be explained.
First of all, steering handle 127 is steered to reset all of
the wheels into their home positions, so that the wheel
axes of all the wheels are in parallel with each other and
directed to the transverse direction of the carriage .
shown in FIG. 6. Thereafter, all of the piston rods en-
gaging the respective shafts 47 and 80 are disengaged
therefrom Then the hydraulic cylinders $8 and 87 of
; the driven wheel travel mode designating mechanisms
44a, 44b, 44c, 444 and the driving wheel travel mode
_designating mechanisms 45a, 45b are actuated in the
state shown in FIG. 6, whereby the piston rods 62 and
89 of the respective hydraulic cylinders are received in -
the corresponding holes 66 and 91, and thus the gyra-
tion mode designating levers 53 and 84 are engaged
with the shafts 47 and 80 respectively. Thereafter, the
hydraulic cylinders 67 and 92 of the driven wheel travel
mode designating mechanisms 44q, 44b, 44c, 44d and
the driving wheel travel mode designating mechanisms
45a, 45b are actuated to rotate the shafts 47 and 80
through the gyration mode designating levers §3 and 84
respectively since these layers are always fixed to the
shafts. When the shafts 47 and 80 are thus rotated, the
control valves 97a, 97b, 97c, 97d and 984, 98b are actu-
ated via the respective valve control levers 54 and 85,
and accordingly the hydraulic cylinders 36a, 36b, 36c,
36d and 37a, 37b are actuated, so that the dnven wheel
units 3a, 3b, 3c, 3d the driving wheel units 4a, 4b are
rotated in the directions of arrows shown in FIG. 9, via
the sector gears 32a, 30a; 32b, 30b; 32¢, 30c; 324, 30d
and 33a, 31a; 33b, 31b respectively. The rotation of the
wheel units is stopped by the engagement of the pins 70
and 95 with the stoppers 71 and 96 respectively, when
said respective wheel units have been rotated through



3,680,653

9

an angle of 90°, and thus the carriage is shifted from the
home position of the longitudinal travel mode into the
home position of the transverse travel mode shown in
FIG. 7. Thereafter, the hydraulic cylinders 58 and 87
are reset to disengage the piston rods 62 and 89 of the
respective hydraulic cylinders from the corresponding
holes 66 and 91, and thereby to release the gyration
mode designating levers 53 and 84 from engagement
with the associated shafts 47 and 80, whereby, the shift-
ing of the travel mode of the carriage is completed.

Shifting of the carriage from the transverse travel
mode to the longitudinal travel mode can be effected
by operating the respective mechanisms in a sequence
reverse to that described above.

The carriage can be shifted from the longitudinal
travel mode to the gyration mode in the following
manner: Namely, after all the wheels have been set in
either the longitudinal or transverse mode home posi-
tions, only the hydraulic cylinders of the driven wheel
travel mode designating mechanisms 44a, 44b, 44c, 44d
are actuated to insert the piston rods 62 of the respec-
tive hydraulic cylinders into the corresponding holes
66, whereby the gyration mode designating levers 53 of
* only the mechanisms 44a-44d are engaged with the
shafts 47. Then, the hydraulic cylinders 74 are actuated
to move the stoppers 73 downwardly as shown in FIG.
13. Thereafter, the hydraulic cylinders 67 of the driven
wheel travel mode designating mechanisms 44a, 44b,
44c, 444 are actuated to rotate the shafts 47 through
the gyration mode designating levers 5§3. As the shafts
47 are rotated, the control valves 97a, 97b, 97c, 97d are
actuated via the respective valve control levers 54 since
they are always fixed to the shafts 47, so that the
hydraulic cylinders 36a, 36b, 36¢c, 36d are actuated,
causing the driven wheel units 3a, 3b, 3¢, 3d to rotate in
the direction of arrows in FIG. 9 via the sector gears
324, 30a; 32b, 30b; 32c, 30c; 32d , 30d. The rotation of
the driven wheel units 3a, 3b, 3c, 3d is stopped by the
engagement of the pins 70 with the corresponding stop-
pers 73 and the stopping angle is so designed as the
imaginary extensions of the wheel axes of said respec-
tive driven wheel units may be set in a direction to pass
the center of gyration 0, shown in FIG. 8. Thus, the car-
riage is shifted into the state of FIG. 9.

Shifting of the carriage from the gyration mode to
the longitudinal travel mode is effected by operating
the respective mechanisms in a sequence reverse to
that described above. During the drive in the gyration
travel mode, the piston rods are retained in the engaged
state with the shaft.

Details of the driven wheel unit 3a will be described
with reference to FIGS. 18 and 19. A support member
140 having a transverse guide groove 141 and a lon-
gitudinal guide groove 142 formed in the lower portion
and the sector gear 30a secured to the top end thereof
is rotatably connected to the underside of the loading
bed 1 through a swivel bearing 143. An outer race 143a
of the swivel bearing 143 is fixed to the underside of the
loading bed 1, while an inner race 143b thereof is fixed
on the support member 140. An axle 144 is vertically
movable in the guide groove 141 with sliding surfaces
144a thereof in sliding engagement with said guide
groove and has a shaft 145 perpendicularly extending
through the central portion thereof. The driven wheels
146 are mounted at the opposite ends of the axle 144.
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Slide blocks 147 are slidably mounted on the shaft 145
with the axle 144 interposed therebetween, for vertical
sliding movement in the guide groove 142. A pair of
hydraulic cylinders 148 are pivotally connected to the
upper portion of the support member 140 at one end
thereof by pins 149 and the lower ends of piston rods
150 of said hydraulic cylinders are pivotally connected
to the opposite ends of the shaft 145 respectively. Thus,
it will be seen that by feeding or discharging pressure
oil into or from the hydraulic cylinders 148, said
mechanism acts as a hydraulic jack for lifting or lower-
ing the loading bed 1, with the sliding surfaces 144a of
the axle 144 being guided by the guide groove 141 and
the slide blocks 147 by the guide groove 142, whereas
by stopping the feeding or discharging the pressure oil,
the mechanism acts as a hydraulic suspension
mechanism for the loading bed. The other driven wheel
units 3b, 3¢, 3d have the same construction as that of 3a
described above.

Details of the driving wheel unit 4a is shown in FIGS.
20 and 21. Namely, the driving wheel unit 44 includes a
U-shaped support member 151 rotatably connected to
the underside of the loading bed 1 through a swivel
bearing 154, said support member 151 being formed at
the lower portion thereof with transverse guide sur-
faces 152 and a longitudinal grooves 153, and having
the sector gear 31a fixed to the top end thereof. An
outer race 154a of the swivel bearing 154 is fixed to the
underside of the loading bed 1, while an inner race
154b thereof is fixedly mounted on the support
member 151. A suspension beam 155 is provided with
the differential gear mechanism 16a at the center
thereof and having supporting arms 157 at the front
and rear ends thereof, each provided with a pin 156
fixed thereto. An axle 182 having the driving wheels
19a, 192’ mounted at the opposite.ends thereof is sup-
ported on the suspension beam 155. Rotatably
mounted on each of the pins 156 is a slide block 159
which has a surface 159a in engagement with the guide
surface 152 and a surface 159b in engagement with the
guide groove 153. A pair of hydraulic cylinders 160 are
pivotally connected at one end to the upper portion of
the support shaft 151 by pins 161 and the lower ¢nds of
piston rods 162 of the respective hydraulic cylinders
160 are connected to the suspension beam 155 by pins
163 respectively. The cylinders act as a hydraulic jack
for lifting or lowering the loading bed 1, with the slide
blocks 159 being guided by the guide surfaces 152 and
the guide grooves 153, when pressure oil is fed into or
discharged from the hydraulic cylinders 160, and act as
a hydraulic suspension mechanism for the loading bed
1 when the feed or discharge of the pressure oil is
stopped. The output shaft 14q is provided with an air
space 166 thercin and a bevel gear 165 intermeshing
with a bevel gear 164 which is fixed on the input shaft
13a, and is rotatably supported on a casing 167. A
propeller shaft 15a is connected to the top end of the
output shaft 14a through a a spline shaft 168 and a
universal cross joint 169, and to the input shaft 17a
through a spline yoke 170 engaging the spline shaft
168, a universal cross joint 171 and a flange 172, and is
swingable in the air space 166 in the output shaft 14a.
With such construction, the driving force can be trans-
mitted through the propeller shaft 154, irrespective of
whether the loading bed 1 is moved upward or
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downward by the jacking action of the hydraulic cylin-
ders 160, due to elongation or contraction of said
propeller shaft. The driving wheel unit 4b has the same
construction as that of the driving wheel unit 4a
described above. : g .
Now; the construction of the hydraulic balancing
mechanism and the hydraulic jack mechanism will be
explained with reference to FIG. 22. The hydraulic
cylinders 148 of the driven wheel units 3a, 3b; the
hydraulic cylinders 160 and 148 of the driving wheel
unit 4a and the driven wheel unit 3¢; and the hydraulic
cylinders 160 and 148 of the driving wheel unit 4b and
the driven wheel unit 3d; are communicated with each
other through communication lines 173, 174, 175 and
divided into three blocks to form a three-point suspen-
sion mechanism as a whole.  The hydraulic cylinders
148,160 in each block are simultaneously shifted to a
hydraulic pressure balancing position N, to a hydraulic
jack elevating positions U or to a hydraulic jack lower-
ing- position D by -change-over valves 176, 177, 178
provided each for each block and communicated with
- said respective blocks by :communication lines 179,
180, 181. Hydraulic oil is supplied to the respective
change-over valves 176, 177, 178 from an oil tank 183
through a communication line 184 by a hydraulic pump
182. A relief valve 185 is provided to protect the
hydraulic circuit by releasing the oil into the oil tank
183 when the oil pressure in the communication line
184 has reached above a predetermined level. With the
arrangement described, when the change-over valves
176, 177, 178 are in the hydraulic pressure balancing
_position N, the communication lines 179, 180, 181 for
the respective blocks are closed, so that even when the
hydraulic cylinders 148, 160 in the respective blocks
are stretched or contracted during travelling of the car-
riage on a rough road surface, the oil in the hydraulic
-cylinders flows into each other freely within each block
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position N and the load is maintained in the lifted state’
on the carriage and carried to a desired spot. When the
carriage has reached the desired unloading spot, the
change-over valves 176, 177, 178 are shifted to the
hydraulic jack lowering position to lower the loading
bed 1, whereby the load on the loading bed is automati-
cally mounted on a supporting frame structure at said
spot. '

Another embodiment of the  carriage according to
the present invention is shown in FIGS. 23 to 27. Ac-
cording to this embodiment, the driving wheel units
4a’', 4b' are each provided with an independent drive
source 201a or 201b which can drive reversibly, and for
the travelling of the carriage in a longitudinal direction,
the driving wheel units 4a’, 4b’ are directed in the same
direction, as shown in FIG. 23, and the respective drive
sources 210a, 201b are driven in the same direction.
When the carriage is desired to be gyrated on the spot,
the driving wheel units da’, 4b’ are held in the same
position as in the case of longitudinal travelling namely
the source 201b is referred as 201b’' and the driven
wheel units 3a, 3b, 3¢, 3d are rotated such that the ex-
tensions of the wheel axes of the respective ‘driven
wheel units are set in a direction to pass the central
‘point (the center of gyration) 0y of the line connecting
the centers of the driving wheel units with each other,
as shown in FIG. 25, but the driving wheel units 4a’ and
4b' are driven in opposite directions to each other,
whereby the carriage makes a gyratory movement in
either a clockwise or counterclockwise direction
around the center of gyration 0. FIG. 25 shows a dif-

- ferent type of the wheel unit arrangement for gyratory

35

and thus the respective hydraulic cylinders are always 40

- subjected to the same load. Therefore, the three blocks
of "hydraulic .cylinder, : each - performing the above:
described “function, form "a - three-point suspension
system which follows closely the surface condition of
the road on which the carrier travels. Now, when the
change-over valves 176, 177, 178 are in the hydraulic
Jjack elevating position U, the respective hydraulic
cylinders 148, 160 are in communication with the
hydraulic pump 182, so that hydraulic oil is fed with
pressure - into - said - respective - hydraulic cylinders
through the communication lines 184, 179, 180, 181,
resulting in elevating the loading bed 1. On the other
hand, when the change-over valves 176, 177, 178 are in
the hydraulic jack lowering position D, the respective
hydraulic cylinders 148, 160 are communicated with
the oil tank 183, so that the oil in said respective
hydraulic cylinders in discharged into the oil tank 183
and, therefore, the loading bed 1 is lowered.

In use of the carriage according to the present inven-
tion, it is. driven into below a load to be carried,
mounted on a support frame structure, with its loading
bed 1 in the lowered position and then the change-over
valves 176, 177, 178 are shifted to the hydraulic jack
elevating position U to elevate the loading bed,
whereby the load is automatically loaded on said load-
ing bed. Thereafter, the change-over valves 176, 177,
178 are shifted to the hydraulic pressure balancing
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movement of the carriage. In this case, the driven
wheel units 3a, 3b, 3¢, 3d and the driving wheel units
4a', 4b' are rotated such that the extensions of the
wheel axes of the respective wheel units intersect at an
optional point (the center of gyration) 0, and then the
driving wheel units 4a’ and 4b' are driven in opposite
directions to each other, whereby the carriage makes a.
gyratory movement around ‘said optional center of
gyration 0,. Gyration of the carriage can alternatively
be attained by driving the driving wheel units 4a’, 45’ in
the same direction after either one of said driving wheel
units has been turned around through an angle of 180°
as indicated by the chain lines in FIGS. 25 and 26 in
which the source 201b is referred as 2015,

In FIG. 26 there is shown a modification of the car-
riage of this invention shown in FIG. 23. In this form of
the ‘carriage, there are provided two pairs of driven
wheel units 3a,, 3b, and 3a,, 3b, at the front portions of
the loading bed 1, also two pairs of driven wheel units
3¢y, 3d, and 3c,, 34, at the rear positions and two pairs
of driving wheel units 4a,, 4b, and 4a,, 4b,, with inde-
pendent drive sources 210a, 2015, 2024, 202b respec-
tively at the intermediate positions between the front

and rear positions of the loading bed.

65

As described hereinabove, the carriage according to
the present invention is provided with a mechanism for
rotating the driven wheel units and the driving wheel
units about their own vertical axes so that all of the
wheels may be directed in a longitudinal direction or a
transverse direction of the carriage, a steering
mechanism for steering the respective wheels during
travelling of the carriage in the longitudinal direction
or a transverse direction, and a mechanism for rotating
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all wheels about their own vertical axes so that the ex-
tensions of the wheel axes may be set in a direction to
pass one fixed point. Therefore, it is possible to drive
the carriage in a longitudinal direction or a transverse
direction according to the condition of the road on
which it is travelling, or to gyrate at the same spot
where it rests, and hence the carriage of this invention
is highly adapted for maneuvering in a narrow place,
such as a narrow loading and unloading cite. Moreover,
since the carriage of this invention is provided with a
mechanism for jacking-up the loading bed, it is capable
of loading or unloading the load at a loading or unload-
ing cite without using a crane or the like facility.
Furthermore, since the carriage is provided with a
hydraulic pressure balancing mechanism by which the
loading bed is supported at three points, the carriage
quickly follows the roughness of the road surface and
travels on the road with stability.
What is claimed is:
1. A self-driven carriage comprising:
a loading bed; ~
at least four driven wheel units pivotally mounted to
said loading bed of said carriage, at least two of
said units being positioned at the front sides of said
bed in symmetrical relation to each other with
respect to the longitudinal center line of said bed
and at least two of said units being positioned at
the rear sides of said bed in symmetrical relation to
each other with respect to the longitudinal center
line of said bed, each of said driven wheel units in-
cluding an axle, a mounting means supporting said
axle pivotally mounted to said bed so as to permit
the rotation thereof about a pivotal center of each
said unit, at least one pair of driven wheels
rotatably mounted on said axle at the opposite
ends thereof in symmetrical relation to each other
with respect to the pivotal center, and a rotating
mechanism to pivotally rotate said mounting
means; -
at least two driving wheel units pivotally mounted to
said bed and positioned at an intermediate position
between said front and said rear sides of said bed
in symmetrical relation to each other with respect
to the longitudinal center line of said bed, each of
said driving wheel units including an axle, a
mounting means supporting said axle pivotally
mounted to said bed so as to permit the rotation
thereof about a pivotal center of each said driving
wheel unit, at least one pair of driving wheels
rotatably mounted on said axle at the opposite
ends thereof in symmetrical relation to each other
with respect to the pivotal center, and a rotating
mechanism for pivotally rotating said mounting
means; _
means for transmitting drive force to said driving
wheels of said driving wheel units;
travel mode designating mechanism including a
longitudinal travel mode designating link
mechanism which temporarily connects said
respective driven and driving wheel units with said
corresponding rotating mechanism so as to allow
the wheels of all of said wheel units to be oriented
in a longitudinal direction parallel to the longitu-
dinal axis of said bed; a transverse travel mode
designating link mechanism which temporarily
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connects said respective driven and driving wheel
units with said corresponding rotating mechanisms
so as to orient the wheels of all of said wheel units
in a transverse direction perpendicular to the lon-
gitudinal axis of said bed; and selection means for
selectively actuating said longitudinal and trans-
verse travel mode designating link mechanisms
whereby said carriage possesses a longitudinal and
a transverse travel mode;

manual steering means adapted to permit the coor-

dinated steering of the carriage; and

longitudinal traveling steering means operatively as-

sociated between said manual steering means and
said driven wheel units when said longitudinal
travel mode designating link mechanism is actu-
ated, said longitudinal traveling steering means
adapted to permit the steering of the wheels of
only said driven wheel units during traveling of the
carriage in the longitudinal direction in such a
manner that the imaginary extensions of the
respective wheel axles of all said wheel units inter-
sect each other in a center point of curvature of
the carriage.

2. A self-driven carriage as defined in claim 1, in
which said longitudinal traveling steering means is so
designed as to set the driving wheels always in the lon-
gitudinal direction of the carriage and steer only the
driven wheels of the front and rear driven wheel units

in such a manner that the axles of the front driven

wheel units and those of the rear driven wheel units are
rotated in reverse rotating directions to each other,
whereby imaginary extensions of the axles of the
respective driven wheel units intersect in imaginary ex-
tensions of the axles of the respective driving wheel
units.

3. A self-driven carriage as defined in claim 1, which
further comprises transverse traveling steering means
operatively associated between said manual steering
means and all of said driven and driving wheel units
when said transverse travel mode designating link
mechanism is actuated, said transverse traveling steer-
ing means adapted to permit the steering of all of the
wheels of said driven and driving wheel units during
traveling of the carriage in the transverse direction,
which is so designed as to rotate the wheel axles of the
driven and driving wheel units positioned at one side of
said bed with respect to the longitudinal axis of said bed
and the axles of the driven and driving wheel units posi-
tioned at the other one side of said bed with respect to
the longitudinal axis of said bed in reverse directions to
each other in such a manner that imaginary extensions
of all the wheel axles intersect each other in a center
point of curvature of the carriage.

4. A self-driven carriage as defined in claim 1, in
which the driving power transmitting mechanism for
the driving wheel units is provided with a spline
mechanism, so that the loading bed may be held in an
elevated position by said jack-constituting hydraulic
pressure balancing mechanism during travelling of the
carriage.

§. A self-driven carriage as defined in claim 1, in
which said travel mode designating mechanism further
includes a gyration mode designating link mechanism
which is adapted to set all the wheels in such directions
that imaginary extensions of the wheel axles of all said
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units intersect with each other at the center of gyration

of the carriage, said selection means further adapted to -

selectively actuate said gyration mode designating link
mechanism.

6. A self-driven .carriage as defined in-claim 5, in
which the respective driven wheel units are positioned
in symmetrical relation to each other with respect to a
point of symmetry located in the vicinity of the center
of the carriage and said gyration mode designating link
mechanism is so designed .as to set all of the driving
wheels always in the longitudinal direction of the car-
riage and to set all of the driven wheels in such
directions that imaginary extensions of the axles of all
said units intersect with each other in said point of sym-
metry. -

7. A self-driven carriage as defined in claim S, in
which said drive force transmitting means operatingly
drives the driving wheel units in opposite directions to
each other during the gyration of the carriage. -

8. A self-driven carriage as defined in claim §, in
which said drive force transmitting means comprises in-
dividual driving power transmitting mechanisms pro-
vided each for the respective driving wheel units.

9. A self-driven carriage as defined in claim 8, in
which said driving power transmitting mechanism is of
such construction that the direction of rotation of the
driving wheel can be reversible. :

10. A self-driven carriage as defined in claim 8, in
which each said driving power transmitting mechanism
is provided with an independent drive source.

. 11. A self-driven carriage as defined in claim 10, in
which said driving sources of the respective driving
wheel units rotate the associated driving wheels in the
same direction during the travelling of the carriageina
longitudinal or:transverse direction, but in opposite
directions to each other during the gyration of the car-
riage. , ) o ‘

12. A self-driven carriage as defined in claim 1,

which further comprises a hydraulic pressure balancing

mechanism for providing hydraulic pressure balance

- within each of three groups of wheel units consisting of
a first group comprising the front driven wheel units, a

“second group comprising one of the rear driven wheel
units and one of the driving wheel unit, and a third
group comprising the rest of the wheel units, so as to
constitute a three-point suspension system. ,

13. A self-driven carriage as defined in claim 12,
which further comprises a pump means for cooperation
with said hydraulic pressure balancing mechanism,
whereby said hydraulic pressure balancing mechanism
acts as a jack. ’

14. A self-driven carriage comprising:

- aloading bed;

at least six wheel units rotatably connected to said
“loading bed and including at least two driven
wheel units positioned at the front sides of said
loading bed, at least two driven wheel units posi-
tioned at the rear sides of said loading bed and at
least two driving wheel units positioned between
the front and rear pairs of said driven wheel units,
each of said wheel units being rotatable about a
vertical axis to said loading bed through 180° and
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having an axle rotatable therewith and at least two 65

. wheels rotatably mounted on said axle;
means for transmitting a drive force to said driving
- . wheels of said driving wheel units;
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a travel mode designating mechanism including en-
gageable longitudinal; transverse and gyration
travel mode means for setting the carriage in lon-
gitudinal, transverse and gyration travel modes,
respectively;

rotating means, positioned adjacent each of said -
wheel units and operably associated with said
travel mode designating mechanism, for rotating
said wheel units to orient said wheels in a longitu-
dinal travel mode, a transverse travel mode at an
angular difference of 90° from said longitudinal
travel mode or a gyration travel mode inter-
mediate said longitudinal and said transverse
travel modes; and )

a manually actuatable steering means for the coor-
dinated steering of said wheels in such a manner
that, when said longitudinal travel mode means is en-

gaged; said driven wheel units positioned at the
front side of said loading bed and said driven wheel
units positioned at the rear side of said bed are
rotated in the reverse directions to each other but
said driving wheel units are set to be oriented in a
~ longitudinal direction of said bed so that the imagi-

" nary extensions of all of said axles of said driven

~wheel units intersect together at a point on imagi-
nary transverse extensions of the axles of said driv-

“ing wheel units and S :

that, when said transverse travel mode means is en-

gaged, a set of said driven and driving wheel units
positioned at one side with respect to a’longitu-
dinal axis of said bed and another set of said driven
and driving wheel units positioned at the other side
with respect to the longitudinal axis of said bed are
rotated in the reverse directions to each other so
that the imaginary extensions of all said axles of -
said driven and driving wheel units intersect -
together at a point in the longitudinal axis of said
loading bed, ,

whereby said carriage is steered in both of the lon-
gitudinal and transverse travel modes.

15. A self-driven carriage as defined in claim 14, .

wherein the respective driving wheel units are driven

by a single engine whose power is transmitted through a

transmission mechanism which selectively drives the

respective driving wheel units in the desired relative
directions.

- 16. A self-driven carriage as defined in claim 14,

wherein the respective driving wheel units are respec-

tively driven by individual power sources which are
reversibly operable.
17. A self-driven carriage as defined in claim 14,
which further comprises:
control valve means which activate and control said
rotating means; and
wherein said travel mode designating mechanism
- which sets said carriage in one of said longitudinal
transverse and gyration travel modes is adapted to
temporarily engage one of said travel mode means
with said control valve means to actuate said rotat-
* ing means so that said wheel units are set in the
corresponding one of said travel modes; and
said steering means includes a steering handle and a
steering link mechanism operatively engaging said
steering handle and said control valve means, said
steering link mechanism adapted to regulate said
control valve means so that, when said longitudinal
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travel mode means is engaged, the front and rear
pairs of said driven wheel units are rotated in
reverse directions with respect to each other, and
when said transverse travel mode means is en-
gaged, the right and left side sets of said driven and
driving wheel units are rotated in reverse
directions with respect to each other.

18. A self-driven carriage as defined in claim 17,
wherein said travel mode designating mechanism is
adapted to operatively engage said gyration travel
mode means to set all of said wheels in such directions
that the imaginary inward extensions of said wheel axes
intersect with each other at a center point to thereby
set said carriage in said gyration travel mode.

19. A self-driving carriage as defined in claim 18,
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wherein said driving wheel of the respective driving
wheel units are driven in opposite directions to each
other, thereby gyrating said carriage.

20. A self-driven carriage as defined in claim 17,
wherein said travel mode designating mechanism is
adapted to operatively engage said gyration travel
mode means to set said wheel axles of said driving
wheel units in a transverse direction of said carriage
and said wheel axles of all said driven wheel units in
such directions that their imaginary inward extensions
intersect together at a center point on the imaginary in-
ward extensions of said wheel axles of said driving
wheel units to thereby set said carriage in said gyration
travel mode.
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