2268601 AUTQVATI C-STEERI NG DEVI CE FOR A HEAVY- DUTY VEH CLE BACKGROUND OF
THE INVENTION (1) Field of the Invention The present inxzz:é es to
an automatic steering device for a heavy-duty vehicle. ngégéaba ly,
this invention relates to an automatic steering device for a crane. (2)
Description of the Related Art Heretofore, various types of devices have
been known for AIRWMATES SFRARING P%W%I%@sﬁmytﬁ)%f‘@m&%es. For
exanphgg trangﬁ-, > L& oI ed by conventional rubber tires
have enpl oyed=~e >—-8 ration of a steering device for
Bgrghbggifoeetraveling direction of the crane.

t he crane as LI £381505 £C
f S : R
Hewever, one gﬁ agvg% aée Of "such a systemis that there is an initia

construction gﬁat_ﬁﬁsé:h? %H%Eﬁltli.%{d OPePhtLEe dd0Mf! At olatdT Et'éé?ﬁxgult

should the inducti've wire be cut at some point, it has been very di

t o | ocat gelfiieep! 868 VAErRehlip-auty SveRdelen omdee t aﬁﬂiéﬂlﬂﬂiyﬁ rERBL! -
Furthernore, the repair cost for repairing a damaged system can be

rel ati velinveng@ionatetatpsr ¢d \ani Autvmd itk cé teering e . FRNVARYah¥. THE
| NVENTI ON Accordingly, it is an object of this invention to provide an
automati c st edinPedeviptibor offi kbevRedwbed &ritcl e capabl e of controlling
the traveling direction of the vehicle while facilitating repair and '
instalIation.HPF6¢§faﬁ8bh@ﬁrémuﬁxtlﬂeﬁh@fiﬁ#&ﬁﬁ?énhﬁUep%G@Pdéq9¥ﬂrﬁWFfied

automati c steering devicg for a hgavz-dut vehi cl e.
steering heavy-duty vehiclés such as transfer cranes. For

ENT LON,

U example, transfer cranes which are conveyed by conventional
) rubber tires have employed inductive wires for the operation of
a steering device for the crane as well as for controlling the
traveling direction of the crane. However, one disadvantage of
such a system is that there is an initial construction cost for
the installation of the inductive wires. Further, shoulﬂ the
inductive wire be cut at some point, it has been very difficult
to locate the place where the cut is made in order to carry out.
a repair. Furthermore, the repair cost for repairing a damaged
system can be relatively high, as compared with the inductive
— wires type. _ |
' SUMMARY OF THE INVENTION

Accordingly, it is an object of this invention"tq provide
an automatic steering device for a heavy-duty vehicle capable of
controlling the traveling direction of the vehicle while
facilitating repair and installation.

It is énother object of the invention to provide a

simplified automatic steering device for a heavy-duty vehicle.
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It is further object of the invention to reduce the cost of -installing an
automatic steering device on a heavy-duty vehicle. It is still another
object of the invention to sinplify a repair task for a danaged steering
device for a heavy-duty vehicle. Briefly, the invention relates to an
automatic steering device for a heavy-duty vehiclé such as a traveling
crane. |n apedgiFaethert bbiéet i 6F ctlié Anvéntioh ces i rEdEey it idodtldEs a
travel i ng di stance nmeasuring device for measuring the travelled distance of
t he vehistiad iy faor aubometicneteéringadevibde dostarmavyndutan vehdclei.c X
pul se signal which is outputted fromthe device. |In addition, .the
steering dét de stidlucewthernehiecteefirthg dnventioor toesinplifyan error
angl e produced between a.predeterm ned traveling direction_and an actual
travel4eRpi r EeskofaR 2nLapaged cstepringeAeeics sFaro eheavy -M4¥ur ed
error aﬂﬂlﬁé nto an.electrical signal which is outputted fromthe device.
Still ° the steering device includes a deviation calculator having

respective dayu g et oL, gp0gs’ i ddi°sbeReChI USRS SRR ARY cos 1O

recei ve each respectrve sirgnalf~and to calculate an evi on.

S| gnaldeg;ircreecsﬁ)?d&n eigy%g%fin@ﬁi‘& b SudPnee 2f tEH@effﬂgCE?aﬁég’thhe

predeterm ne avelln ction. %coptrpl er is also connected wth the
devi ald Qb rdlrfcd APFh [ thé SO RLi B, dehedld il Sinadevie { fnothades i ISt

and second signals in response thereto in order to reduce the off-center

di st angavdl iy dietadlce heaButlhifgpaedticer Hotcheashtdngn@hdi Leaie@Ned0 zero.
distance of the vehicle and for converting the measured distance \J
into an electrical pulse signal which is outputted from the
device. In addition,'thé steering device includes an angle
measuring device for measuring an error angle produced between
a predetermined traveling direction ‘and én actual traveling
direction of the vehicle. This device also converts a measured
error angle into an electrical signal which is outputted from the
device. |

Still further, the steering device includes a deviation

calculator having respéctive. input ‘terminals connected to the -
respective measuring devices to receive each respective signal
and to calculate and output a deviation é:‘.—grial corresponding to
an off-center distance of the vehicle from the pfedetermined
traveling direction. A controller is also connected with the
deviation calculator to receive the deviation signal and to
output first and second signals in response thereto in order to

reduce the off-center distance of the véhicle from the

predetermined traveling direction to zero.
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The first and second control signals have a difference of voltage

t her ebet ween atccording to the absolute value of the correction signal. The
steering device also has first and second notor drivers, each of which is
connected with the controller to provide first and second driving signals
in response to the first and second control signals received fromthe

control |l er. Eape ofifstsShndndecnd Goditiredr Siighal@spavel \&lai FFeweREedoto
first %d second notors which respond to the first and second driving
si gnal s vobtalpe therebletwedrhcasubodbhgc txt eelié ngbdéYute cfalde  \wfhi the so
as to direct the vehicle into the predeterm ned traveling direction. The
aut omat i ccereestinon deignaleperates so that the deviation calculator is able
to calculate the deviatjon signal in dependence upon the_distance travelled
and the angl e The fhaexing device dsocbes first ppdqeecond feeteor Jeivegs,
direction. The devi ation si s. a heasure Qf. the distang oggoffset
p

nal is_thu
from t he SRERA%MRIRYY ’d?r@gf‘?ﬁﬁteghﬂﬁh the eantdo | FOREQVEAe pbirskve
val ue, the %ehi cle iﬁiﬁdi tected to.nove towards o gbghde of the

pr edet er n?H as?‘f%’%l i YVaRge AR 4R ERERAE %t i rfé'_ftsé"d de nEggond

over s | PEfORSE |} Parh e, BeckiGal SERHIMIEnELALL0 AL ectl on. or
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to first and second motors which respond to the first and second

g_/ driving signals in order to control the automatic steering device

of the vehicle so as to diréct the vehicle into the predetermined
traveling direction.

The automatic steering device operates so that the deviation
calculator is able to calculate the deviation signal in
dependence upon the distance travelled and the angle of :deviation
from the desired or predetermined traveling direction. The
deviation signal is thus a measure of the distance of offset from

the predetermined direction. Should the error angle attain a

positive value, the vehicle is directed to move towards one side

e of the predetermined traveling direction, for example,tobe
directed to move toward the opposite side of the predetermined
traveling direction, for example to the left.

BRIEF bﬁSCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram of an automatic steering device
for a heavy-duty vehicle in accordance with a preferred
. embodiment of this invention. |

FIG. 2 illustrates traces for traveling of the heavy-duty
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FIG 2 illustrates traces for traveling of the heavy-duty 3. vehicle in
accordance with a preferred enbodinent of this invention. FIG 3
schematically illustrates a side view of a heavy-duty vehicle having an
automatic steering device in accordance with the invention. FIG 4
Illustrates a principle of determning an initial position of a gyro

devi cgenDESER! | Qo dbcePRFEERRER GHESES MOT S cRbbiment t8£F €nid 2
heavy-duty vehicle, such as a transfer crane, is provided with an autonatic
st eer ingefeé¥one for maintaining the crane noving in a predetermned N
traveling direction. In this respect, the steering device is constructed so
as to sensBl@e\3 sichema tdfcallay tildwstinates angide onew pfeacheawyrddtpat h or
traveling direction and to make corrections in the steering arrangement

(not vebam}lechavirgcpRnautemgtde skeawing dewiee sin arrardance twith
traveling . direction intended. The reference nunerals appearing in FIG 3 .
desi ghBeeiBMERELPRowi ngs: 'a crane body 1: a right wheel of the crane 2; a

i ' ' devi f d _qf |, i di
10 proxi 15~ oAnd3IEE LAY oF cBFLPELENBNSR: dSAFRINO% AN r DR FhfLdovi ces
rel at Sgﬁ#iggieg%ogg%gcdggfggi.ng device 12; a dynam cs-transferring belt
y , a

15; a e - tatrng prvot 19; a motor for driving the right wheel
M and a pEgeRtpRgoNl! HPCHHR" PREFEAREY HABoBINENTS

Referring to FIG., 3, a heavy-duty vehicle, such as a

transfer crane, is providéd with an automatic steering d-evice' for \J
maintaining the crane moving in 'a predetermined traveling
direction. In this respect, the steering device is constfﬁcted
s0 as’ to. sense deviations: of the traveling' crane from a
predetermined path or trav_eling direction and to make corrections
in the steering arrangement (nbt shpwn) of the crane in order to
bring the crane back into the traveling direction intended.

The reference numerals appearing in FIG. 3 designate the
followings: a crane body 1; a right wheel of the crane 2; a
traveling distance measuring device formed of traveling distance
sensors 10; proximity sensors 11; an electric chamber including
controlling devices related to the automatic steering device 12;
a dynamics-transferring belt 15; a pulley 17; a rotéting pivot
19; a motor for driving the right wheel M2; and é traveling
direction of the cfane D.

Referring now to FIG. 1, the automatic steering device

(3

comprises a traveling distance measuring device 10; an angle

measuring device 20; a deviation calculator 30 having an input
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Referring nowto FIG 1, the automatic steering device conprises a
traveling distance neasuring device 10; an angl e neasuring device 20; a
devi ation cal culator 30 having an input 4 term nal connected with each
output termnal of the traveling distance measuring device 10 and the angle
measuring device 20; a controller 40 having an input term nal connected

W th an aerminalercomnécbédt etheeazhi @utpultc derindnal); of etheartkavealing
motor drivers 50, 52 having an input term nal connected with an out put

t er ni nal” ddfs temeec metasitiorg 4k vicel Ifbtands ther ahgheviigg surintg tdeviam|20;
connected with each output term nal of the notor drivers 50, 52. In a
preferre@ eanbarkder 40 havingmrinput tespinalgernegtedisbeh arQutpnt

desi ti "TFG 16 [ y de by _the Tqki f_J

be. used ASTMBINRE FB%sAevig Lo CalsU1atAn d0rmdnEt cBRA! FIoht RORG
i A I b d.. T t,i f, .t h t ti

ot cer ng SANEZE PO o BAYARY. A8 mBER: T8 2 [ SIABE A Y | AU o

crane S ddaeldinto ! Rhel Wertid1alePR 4 0P fHa hbYGEs (A 28] ChbTliheS Al e

| oad variation as well as unexperienced operator's s i1 ?ray occdsi o e

crane to dgidMelaldf f cote®ted CRIth NeadesS 68EhE 2terimitadi I 8% | PRe f Yotidie

crane. The traveling distance neasuring device 10, generally installed in
the wheelgyidferdeh® @) agsf er crane neasures the traveling distance [err] of
the transfer crane and converts the

In a preferred embodiment of this invention, for example,

o a sensor under the designation "TFG-160 sonic gyro" made by the
Tokimec company of Japan may be used as the angle measuring
device 20, and a mechanical type, gas type or laser type gyro
sensor may also be used. |

The operation of the automatic steering device for the
heavy-duty wvehicle is described as follows.

When a crane is traveling, the non-uniformal motor driver
characteristics and the load variation as well as unexperienced
operator’s skill may occasion the crane to travel off-center
along the desired traveling direction for the crane.

The traveling distance measuring device 10, generally
installed in the wheels of the transfer crane measures the
traveling distance 1; of the transfer crane and converts the
neasured distance into an electric pulse signal which is then
outputted to the deviation calculator 30. The angle measuring
device 20 measures an error angle 6, produced between the
predetermined traveling direction axis of the transfer crane and

converts the measured angle into an electric signal which is then
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measured di stance into an electric pul se signal which is then outputted to

the deviation cal cul ator 30. The angl e neasuring device 20 neasures an
produced between the predeterm ned traveling direction
axis of the transfer crane and converts the neasured angle into an electric
signal which is then 5 outputted to the deviation cal culator 30. The

error angle [err]

devi apuEpu€ted Utat the 3@evaaRion dallzulagsal soabout the traveling distance

[err] and error angle [err] inputted fromthe traveling distance neasyr; ng
devi ce 10 ‘Pinel dewi &t iemscalogldéorcd028ampl gs alteizersigrel s | aboubt theals
e.g. every 10 nsec and cal cul ates an off-center distance [err] fromthe

At ,

i nputteavebing udiistanee f 3| Aldgesxpreanale Ppr ippwtded r Sromgkbe[ err]

of t
t he
init
angl

he transfer_crane, as shown in FILG 2, attaing positive values [err]

ctraveling distange measuring devigeqio and aeglepeasuring device

ially- det 1 ned .t I di ti On th t th
Y o pEraefetainng oing Jiecrvaln Kbyaf oo siene T0sec, phdc
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crane ﬁéafgifoéggégﬁéégggsggﬁtnst the initially-predeterm ned traveling

negative, if the crane travels to the right agai nst
initialgywpredetenm ravel ing. di regty on. I n such a case, if the
d¥ scelenm 8eg b aaly

direc¥|on, and

t he
of f -
expr

center di stafice of "the transfer [err] Tound through the above
essi onthd )ept bRl Afigle 6, of the transfer crane, as shown in FIG.

2, attains positive wvalues 0y, 63, if the crane travels to the
left (as viewed) against the initially-predetermined traveling
direction. On the contrary, the error angle ¢, of the transfer
crane attains negative values 6y, if the crane travels to the
right against the .initially-predetermined traveling direction.
In the same manner, the value of (1, sin 8,) becomes positive, if
the crane travels to the left against the initially-predetermined
traveling direction, and becomes negative, if the crane travels
to the right against the initially-predetermined traveling
direction. In such a case, if the off-center distance of the
transfer §, found through the above expression (1) attains a
positive value, the transfer crane is on the left side against
the central traveling direction. On the other hand, if the off-
center distance attains a negative value, the transfer crane is
on the right side against the central traveling direction.

The data signal  about the off-center distance §; of the

transfer crane found by the deviation calculator 30 is outputted:

to the controller 40, and the controller 40 controls the motor

6
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positive value, the transfer crane is on the left side against the central
traveling direttion. On the other hand, if the of f- center distance
attains a negative value, the transfer crane is on the right side against
the central traveling direction. The data signal about the off-center
di stance [err] of the transfer crane found by the deviation cal culator 30

i s out putyepvépst BO,Co red | BhattOchéndrhig 6Nt ¢4 %%%(1% gbecrf@tor

6 driivers 50, 52 so that the transfer crane can travels int rection

opposi (¥ aprébeichusppbsibe ©6 therigh GEstRECoLFeedhtet @idtante el une
the value of the off-center distance to zero. In the neanti me, thist

I nvent i onordiept soareflaeei bhet ealwe o thatofHidemtert Qdstancvel togzdroecti on
by setting the rotating speed of the left and right wheels 2 to be

di fferent fronInathe nérntine Adhdisdinyeptionh afepbsfacebeeringstechmnique
atitains a positive value, the controller 40 controls the left and right

not or dribees sentsglsSd:heha:tramélm &u[e@rtri]oq Y depbtiggt kde cfotatiang

'ES?Z?CELP o ;Fbﬁnéeﬁﬁggiﬂ gﬁﬁ&é@ﬂﬁe@ Eﬁ»ﬁ < e Larfw{ tha”fth: a
Lf:?“répt Dotz o %iﬁaggﬁﬂiﬁt.%tv%f{#egc e FURSAAGE JBCEBRPP ol
o' vi ng (BEET £} P8, BT, Tl Hohedbu1eg, 430 coiled iy ERECH LR, dnd Yight

(r:g'n?; L;flelngogﬁg ecrl?gﬁt&’rﬁo :.;g?ngﬁhesmwt [ Ind1@5x dj \ESW dhey fhghindeadt
\_/ wheel contacting the left motor driver 50 can rotate relatively
faster than the motor M, for driving the right wheel contacting
the right motor 52. As a result, the transfer crane travels to
the right. On the other hand, if the off-center distance attains
a negative value, the controller 40 controls the left and right
motor drivers 50, 52, so that the motor M; for driving the left
wheel contacting the left motor driver 50 can lrotate relatively .
more slowly than the motor M, for driving the right wheel.
contacting the right motor 52.
Two output signals of the controller 40 that are outputted
to the left and right motor drivers 50, 52 are controlled. to have
a voltage difference V between them in proportion to the absolute
value of the off-center distance §, of the transfer crane, and.
the off-center distance 5, of the transfer crane is thereby
removed.
In order to remove the off-center distance §, of the

¢ transfer crane, the voltage difference V of the output signals

" outputted by the controller 40 to the motor drivers 50, 52 can
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Two output signals of the controller 40 that are outputted to the left and
right notor drivers 50, 52 are controlled to have a voltage difference V
between themin proportion to the absolute value of the off-center distance
[err] of the transfer crane, and the off-center distance [err] of the
transfer crane is thereby renoved. In order to renove the off-center

di st aggefBuAll hie flolamisLr crane, the voltage difference V of the output
signals outputted by the controller 40 to the notor drivers 50, 52 capn-

be found ay=kpb| ovsin| etli¢ cas® bBethaseoftrbliteeony YperatdngPaisatd M as
a proportional controller [err] in the case of the controller 40 operating
as a proportionall adidrftmoditem|l controller In the above expressions, [err]
proportional constant, respectively. If the output signals having the above
size are | NpBvfed A8/ Batiekps, ds i ¥8r the, @Gme t0f fbeorcontvelies0, 4052

drive both the notors [err]at different speed fromeach other, according tozx
the | APAFatipggaps PhPyRROAtIRPH M LESreptdadycondrpddier s transferred to

th [ 15 fi ly di ed th ti iyot 19 of t | ef t d
Hght wheoli8 £ bdve SRpEefaipnts” A o, fier *nbonankea SHRGRE. S8 o
;gigLégﬁ§§g%§?§¥?Lgqﬁégéﬁﬁgié§gégéégygl tansfer crane is controlled in

If the output signals having the above size are inputted to ;

L4]

the motor driver 50, 52, the motor drivers 50, 52 drive both the
motors M;, M)at different speed from each other, according to the
input signal. |

The rotating power of the motors M, Mz'is transferred to
the pulley 15 fixedly dispbsed on the rotating pivot 19 of the
left and right wheels 2 via, e.g. the belt 15 or another
mechanical means. As a result, the traveling direction of the
transfer crane is controlled in accordance with the difference
of the number df'the rotation transmitted to the rotating pivot
19 of both the wheels.

- The gyro device used as the angle measuring device 20 of
FIG. 1 just functions measuring an angle, and in order that the o
crane automatically travels, it is necessary to reset a position
of starting point, i.e. a position where the angle'of the gyro
device attains a wvalue of zero.

FIG. 4 illustrates a principle of determining an initial
position of the gyro device. The referénée numerals appearing in

FIG. 4 designate the followings: 9 a pair of magnets fixedly

<

disposed at a starting point where the transfer crane travels;
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of the nunmber of t.he rotation transmtted to the rotating pivot 19 of both
the wheels. The gyro device used as the angle neasuring device 20 of FIG 1
just functions nmeasuring an angle, and in order that the crane
automatically travels, it is necessary to reset a position of starting
point, i.e. a position where the angle of the gyro device attains a val ue

of zero. shé& ¥ 14l vpdvelBsg ADrddion copfadetghgining an initial position

-~

of theygyro device. The reference nunerals appearing in FIG 4 designate
t he foll”f'-owi Ngsin Sremito &étermint sa fpoeit yonlichetattingpsint | iwigepdHE
where the transfer crane travels; 8 and - D a traveling direction of a
crane. | ntwe dprosimiity esensers bbsofi theofcraner biody goiane placed ba thhe
proximty sensors 11 of the crane body 1 are placed on the magnets 9 by
novi ng t HBagpehe HRY movingitheacrane Redikcl, 13 v InRl proprAdures: fyems
1¥. Then, the gositLon of the crane | S cons'dered,exactlg parallel to the
travel i ngtR®r BEPKIML LY FepROTEndle FDERe 5;‘190 nesjitden of cthe crape Aso.
Accor di ngl t bhe ro device, i..e. .the | & Imea i ng, devi.ce praod a
curved artrasiggr i Sray Fnnaiien Vo S VA ffed o) 30 Fhe
device o e r { 11 o, of r t.i.n ' of. - dgyi ce
oper at es a?%g% ?ﬁ:é%%s?%?gnggfiés% ai:?i %8§%§i tr11:t° 0 '(tyne °gnaé§%edg§%?'§ﬁgq‘§§\,i ce
|'s determyped, gépfcé | A& | "ehdTAR1d! RRARACAY" BeYite Produdied! BNEuI 1S
transferp%g to tﬂe %éft and rig fgﬁﬁge?s 2 v?g t he bel t* 15, :
angle against the traveling direction of the crane.

s If the steering device operates after the positién of
starting point of the angle-device operates after the position
of starting point of the angle-measuring device is determined,
the traveling motor M comes to rotate. The rotating power is
transferred to the left and right wheels 2 via the belt 15,
whereby the crane travels.

Accordingly, the off-center distance of the traveling
direction of the transfer crane is automatically controlled, and
thus, the transfer crane can travel along the initially-
predetermined traveling direction, without error.

As mentioned above, the present invention provides an
automatic steering device for a heavy-duty vehicle which controls
the crane traveling direction automatically and ‘facilitates
repair and installation.

It is to be noted that the automatic steering device may be
used with any type of heavy-duty vehicle other than a transfer
crane. |

While this invention has béen described in connection with
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whereby the crane travels. Accordingly, the off-center distance of the
traveling direction of the transfer crane is automatically controlled, and
thus, the transfer crane can travel along the initially- predeterm ned
traveling direction, without error. As nmentioned above, the present

i nvention provides an automatic steering device for a heavy-duty vehicle
whi ch controls the crane travel ing direction automatically and facilitates
repair and installation. is to be noted that the automati'c steeri

devi ce may'iR¢ u’s%dpﬁ\ﬁﬁn'éhy TRl PR efh KR ‘tﬁJtV‘%e'h?’EFePWﬁéPcﬁﬁaﬁné '

transfer crane. While this inventjon, has een SCI’I bed in connection with

what is pPFEERTTSLOREPARTRERTR bR 1 4 ?f%ﬁ?°§thBFeFBFr ed ¢
enmbodi nent,s, it. js to be gng rfé&?d‘i q:t tlsé venlgnlanot limted to
the di scl dEFHbBYHi HEntRE Hit Dt EYS FUPOAIBSRER 't 0 cover

various myg)f i dﬁ%'@ﬂé é‘QQtP%Tan:‘?”%d_Zﬁ%%Qfé?rﬁlé £8gLudgd Wl n the scope~

of the appende | ar ns An aut omati c steering

devi ce f o8] L00i SnLeRNY - i Yv IR €] Srhind Sl £ ¥ €l M c8QBbEOL LRI
rotating speed of two wheels, conprising:

the scope of the appended claims.
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a.traveling distance neasuring device for neasuring a traveummmllm
the vehicle, converting the neasured distance into a first
' ce

signal, and outputting said pul se signal; an angle neasuring*deVi
measuring an error angle produced between a predeterm ned traveling
direction and an actual traveling direction of the vehicle, converting the
measur ed angl eWHAT oIS CAIMED el®ctrical signal, and outputting said second
signalé'g devi ation cal cul ator responsive to the first and second signals
for outPuttingla drvautonatiéghbeerdngedevidienforo sheesinge antheavit-dutye
of the vehicle fromsaid predeterm ned traveling direction; _a control]ler
responsi véehigle hyo rgdativedy coengratlingra rokrting speed: of e stharls.
control signals jn order to reduce the off-center distance of the vehicle,
said firstOBRAMERDhd control signals having a voltage difference in

Y ti t I f.th - t | St 0 1l
Do o O ARG, VB HE Rk e B SRS, Mo 25, AAR-PRY .
second fjrti‘%@?lﬂ:?”%i}ﬂaﬁ'xcreeSB@“S@héo v feid Sfco?&ﬁr%‘ifn&“dtﬁ&_mdé%l ured
signals; an I rst and second notors for driving each of "sard two j%eé?s in

response §9Pseahfel ih€d an«h&%{ioréhléétyiesl Sbﬁﬂlééssigna?f f dAda$utiPiitting

steering device as set forth in claiml1l, wherein said off-center distance

is found Byidhpulseé | Sigwgl £xpression:

W

f*or S

an angle measuring device for measuring an error angle
\._/ produced between a predetermined trav_eling direction and an
actual traveling direction of the vehicle, converting the
measured angle into a second electrical signal, and outputting
said second signal; |
a deviation calculator responsive to the first and second
signals for outputting a deviation signal corresponding to an
.off-center distance of. the vehicle from said predetermined
traveling direction; _
a controller respdnsive to the deviation signal for
i producing first and second control signals in order to reduce the
off-center distance of the vehicle, said first and second control
signals having a voltage'diffe:ence in proportion to an absolute
value of the qff-cenﬁer distance;
first and second motor drivers connected with said
controller for producing first and second driving signals in
response to said first and second control signals; and
g first and second motors for driving each of said two wheels

in response to said first and second driving signals.
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[err] where [err] represents an N-Ith off-center distance; r
‘represents a traveling distance of a heavy-duty vehicle: gm ﬂj‘ I“ r"ll l”!ll '
represents an. error angle. 3. An automatic steering devic c

claim2, wherein said error angle attains a positive value in response to
travel of the vehicle to one side of said predeterm ned traveling

direction, andamt §a¢ | a sl T e rayvel . of the
vehicle to an opposi%%%%ézﬁi‘% grggéedtéera%sﬁ%(}étfégté#i ﬁﬁ 8}?%'& EOn.;—Afp\.._--

An autwiieddim skaedi FFfiRenterasdsstaheet Nikn £dhiidn 3 Vﬂ%ekﬂlgawn S
controller sets the traveling direction of the vehiclle 1n the direcfion
opposiexpressionsi gn of the off-center distance. 5. An autommtic steering
device as set forth in claim4, wherein said controller produces said first
and second SontPgp] wilgnals Oy order that said first control signal is

| arger .t han said second control signal, if said off-center distance has a
posi t WReLe:Bus, TEPELSINLS JaR Nrhthsaff -centercdistance; gharepresemtser than

sai d segond qgantraql. signal, .if said off-center, distance has a negative

val ue2 C""’é’.echm gjﬁiﬁﬁf?c@t@eﬁ?ﬁ&’d te vehighe ¥ and, 8§ nrepresentswher ei n
said troller i a proportional controller. 7. An automatic steering
devi ce%q‘gsetg(ﬁrefa&gtﬁﬁ'i n claim5, wherein said controller is a proportional

differenti g ogptioidfleic steering device as set forth in claim 2,
wherein said error 'ang'l'_e' attains a positive vélue in response to
travel of the vehicle t‘ld Oﬁe side of said '"prede:ter.inined ‘traveling \J
di'rec_tioh,- and attains é negative value in re_s'poii's'e to travel of |
the vehicle to an o';ipoéite side of 'éa_id predetérmiried tréveling
direction. |

4. An automatic steering deViéé as set forth in claim 3,
wherein said controller sets the ;.?t:i:avéling direction of the
vehicle in the direction opposite to the sign of the off-center
distance. | |

5. An automatic steering device as set forth in claim 4,

wherein said conttoller"p‘roduees_' said fi‘_fst and second control

C

signals in order that said first control signal is larger than
said second control _signal, if said 6ff'-center distance has a
bositive value, and in order that said first contrbl signal is
siia"llet than said second control signal, if said off-center

distance has a negative value.
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8. An automatic steering device as set forth in claiml,

angl e neasuring device is a gyro sensor. 9. An automatic smlmruﬂ"mﬂﬂ”m"
set forth in claim1l, further conprising a pair of proximty sénsérs¥ s

di sposed on the body of the vehicle for determning an initial position of
the vehicle. 10. In conbination a transfer crane; a steering device for

mai ntai ning said crane moving in a predetermned travelling direction, said
devi ceyi hel uding: a distance, nmeasuring device for neasuring the travel | ed
di stanc® of sfid APafetaRPoif ptEteTie WWH fchdisty Fastdt &t gt imah.

-angl e rreasurl?rg deyi ce f.or neasuring an angl e of devi ation between an

actual direct FBE¥SF™ PAFE AU G afe X d’°§§|r&16f‘é‘ etcgﬂﬁrr?é'dl?rr‘avel ling

directi on and out ?,‘uttl NyleRE-N correcfpondl NQ; S¢ second SI Q:al eV| ation
1C
~cal cul at or connec Fo each sat o neasuri ne ng i Tevicé Li 0 recel ve sard si ghal S

afid to cal cul g, ?qsm H%Jtco%%%"uaéé Ciga E‘Jr %&%#309:% o %EO'&‘l'frtht pff-

center distance 0 crane from sai ermned travel | rect i on
in dependence.gpn:$@dhde3i.gnals; a controller connected to said caI culator to
receive said deviation signal and to output a first control signal and a

second Controb.5|Q&akdﬂbﬁgﬁﬁﬁukigékiﬁﬁﬁdgﬁbce as set forth in claim 1,
wherein said angle measuring device is a gyro sensor.
9. An automatic steering device as set forthlin claim 1,
&J 'further.comprisiné a pgir of proximity sensors disposed
on the body of the vehicle for deterﬁining an initial
position of the vehicle.
10. In coﬁbination
a transfer crane;
a.steering device for maintaining said crane moving
in a predetermined travelling Airection, said device
including: |
"a distance measuring device for measuring the

travelled distance of said c¢rane and outputting a

gg corresponding first signal;
an angle measuring device for measuring an angle of

deviation between an actual direction of travel of said
crane and said predetermined travelling direction and
outputting a corresponding sgecond signal;

s

’ a deviation calculator connected to each said

¥ measuring device to receive said signals and to calculate

and output a deviation signal corresponding to an off-
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the first and second control signals having a difference o
t her ebetween in accordance wth an absolute size of said Hmmﬂmgm#"mw"
and first” and second nptors connected to said controller to*nbve Saimd Gr are
|l aterally of said predeterm ned direction in response to'said first and

second control signals. 11. The conbination as set forth in claim 10 which
further conprises first and second notor drivers connected to and between

said controller_and id first_apd second_notors for duci.ng first angd
Socond dri SpREez Adspahls’ bEOLa BT 2EHONE IR B34 O MAEIRS LTS Sobnd

control sigbal8:hioy §3kdoeenh! oh! pLRalhbyC ol 1WAy ks AN automatic
steering device for "a heavy-duty vehicle substantially S *her'ei nbef or e
described withareogte38 k0 c8RHed8 c@Ne¥N sh a! RR 1ACAURA W NG LHAY LTS
" said deviation signal and to output a first control
signal and a second control signal in dependence thereon,
the first and second control signalg_having a difference
of voltage therebetween in accordance with an absolute
size of said deviation signal; and
first and second motors connected to said controller ;}
to move said crane laterally of said predetermined
direction in response to said first and second control
signals. |
11; The combination as set forth in claim 10 which
further compriseé first and second ﬁotor_drivérs
connected to and between said controller and said first
and second motors for producing first and second driving

signals to said motors in response to said first and

second control ‘signals from said controller to drive said

'S

motors.
12. An automatic steering device for a heavy-duty vehicle:
substantially as hereinbefore described with reference to

and as shown in the accompanying drawings.
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