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9 Abstract: A method for
assembling a vehicle body entails
that body ccomponents are moved to
predetermine=d positions in relation
to one anot_her and joined together.
A first body component is placed in a
first retainer device which is moved by
a first indus®Tial robot to & stationary
fixing device= where it is positionally
fixed. A fu_rther body component is
moved corre=spondingly to the fixing
device. Th-e two body components
are joined t—ogether by means of a
Jjoining devic—e which is camried by an
industrial roT™bot. An assembly plam
for assemblimng a vehicle body on the
basis of a nummber of body components
includes a nu.mber of manipulators and
a control sy=stem. The manipulators
have means (26, 29) for displacing,
positioning,  positionally fixing and
joining togetlher the body components.
The control system has at least one
program meaodule and a plarality
of processomxs. The plant has a
stationary poositioning and fixing
device with coupling members (26) for
cooperation  with coupling members
on a retaine=r device. The retainer

device frarther includes gripping members (29) and is movable between at least two positions (14). A commputer program includes

instructieons for a program module with a plurality of processorss in order 10 cause the manipulators 10 execute the above method.
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A ME"THOD AND A PLANT FOR ASSEMBLY
TECHENICAL FIELD

The pr-esent invention relates to a method. for assembling, in an assembl y plant with
at leasst one industrial robot, a vehicle "body or at least a part thereof, the body
compomnents being, for the formation ofS the vehicle body or its part, brought to

predetesrmined positions in relation to one another, they there being joined together.

The pr-esent invention also relates to an as sembly plant for assembling a wehicle body
or at _least a part thereof on the basis of a number of body comp onents, and
compr-ising a number of manipulators an_d a control system containing at least one
progra.m module with a plurality of processsors rehearsed to execute the movements
of lie  wanipuiaivrs va e Lasis vl a vollmpuict pivgiaiu, e tianipulaiwis luluding
means for displacing body components, for positioning and fixing and for joining

them teogether.
BACKRGROUND ART

In the assembly of vehicle bodies accordimg to prior art technology, use is made of a
large mumber of fixtures in which the bods/ components are placed, often by means of
industzrial robots, whereafter the body ccomponents positioned in the fixtures are
joined together by means of welding, t-he welding equipment being carried and
manip-ulated by industrial robots. It is ussual that such assembly take polace on the
basis ©f a relatively large number of oftzen relatively small body components, for
which reason a large number of fixtures Iis required. These fixtures are of necessity
model—customised in such a manner that o ne set of fixtures is required for- assembling
a specsific body type. As a result, a chaange of body type requires ree-tooling of

fixturess, which is a time-consuming and ceostly operation.
OUTL_INE OF THE INVENTION

The present invention has for its object to- formulate the method intimate=d by way of

introdeuction such that precision in the a_ssembly is improved, that thes downtimes
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between chamge of body type are substantia_lly shortened and costly sp-ecifically

manufactured fixtures are dispensed with.

The object forming the basis of the present inv ention will be attained if the mmethod is

given the chaxacterising features as set forth in appended Claim 1.

By the empl oyment of retainer devices whi ch “on the one side” have coupling
members for positionally fixing and interconmn_ecting with the positioning and fixing
device and wrhich “on the other side” have gr-ipping members for engagerment with
the body comaponents, the major advantage w—ill be afforded that a large rmumber of

model-customriised fixtures are avoided.

In that one ard the same industrial robot is ermployed for both handling th e retainer
aevices and Eor nanding e jolning devics, LI Cyuit LIS 15 (CUULed, at o sauk
time as the re quirement on the number of macknine parts is reduced, since thme retainer
device may bre provided with a body compone=nt during the time which is employed

for the joining operation.

A further object of the present invention is t-o increase the speed in the assembly

process.

This object is attained if the method is given th_e characterising features as se=t forth in

appended Claim 3.

As a result of these features, the major adv=antage will be afforded thaat several
retainer devices may be operated simultaneoussly by their respective industr—ial robots
and that these, when the retainer devices are —provided with new body cormponents,

may be employed for the joining operation.

A further shoertening of the cycle time for the &assembly operation will be acchieved if

the method is also given the characterising feat-ures as set forth in appended Claim 7.

As a result «©f these features, the major ad_vantage is afforded that th_e joining

operation mazy be divided into two different stesps, where the first step meresly entails
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a “gecmetric assurance” of the vehicle body in the positioning and fixing d evice, i.e.
that thme joining operation there proceeds only so far that the body componesnts, after
releases, would not run the risk of relative positional changes, while the fina 1 phase of

the joining operation may take place outsade the positioning and fixing device.

BRIE_F DESCRIPTION OF THE ACC OMPANYING DRAWINGS

The p resent invention will now be desacribed in greater detail hereinbeXow, with

referemce to the accompanying Drawings. In the accompanying Drawings:

Fig. 1 schematically shows a lay~out of an assembly plant accordi ng to the

present invention; and
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assembly plant.
DESCTRIPTION OF PREFERRED EM_BODIMENT

The pr-esent invention will be described toelow in connection with the assermbly of a
truck cab, but it will be obvious to a —person skilled in the art that the present
invent—on may also be applied in the assemnbly of any type of vehicle body or at least

a part sthereof.

In the illustrated layout, the assembly pRant comprises three different ass embly or
work sstations 1, 2 and 3, respectively, whiich are disposed in mutual sequencse along a
throug-h-flow direction 4 for the truck cakos in the process of being assembled. Each
work sstation includes a positioning and fE xing device 5, 6 and 7, respective ly. In the
longitiadinal direction of the through-flow direction 4, a conveyor path 8 further
extendlls throughout the entire assembly plant, along which a number of™ drivable
carriagzes or pallets, so-called skids, may be driven in the through-flow dir-ection 4.
The caarriages are raisable and lowerable and are intended for carrying, imm the first
stage, a base plate or a complete floor for the truck cab, but gradually also for

suppor—ting the truck cab which is in the pr-ocess of being assembled.
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From the left-haand end of the conveyor path & in-the Figure, there is a returrm path for
returning the caxrriages 9 to a stating position 10.

As intimated alboove, the conveyor path 8 extesnds through the different works stations
1, 2 and 3, but aalso through the positioning ard fixing devices 5, 6 and 7 dessigned as
gantries so that , in the first stage, a complete cab floor 11 and thereafter a t.ruck cab
in the process -of being assembled may be transported through the plant aelong the
through-flow direction 4.

In each work staation 1, 2 and 3, respectively, ®here is at least one path 12 alorag which
at least one ind-ustrial robot 13 is drivable par-allel with the through-flow dir-ection 4.
Each respectives robot path 12 extends past each respective positioning arad fixing
device and so Close to it that the industrial r-obot moving on the robot patim reaches
INto he posiliening ana IXing GeviCe 1N «Order (0 Dt apie 1o CaITy Oul  various

operations theresin.

As is apparent from Fig. 1, one robot patla 12 is employed on each sidEe of the
positioning and fixing devices, at least in som.e of the different work stations 1, 2 and
3. As a resul, two industrial robots 13 can carry out different opeerations
simultaneously and from opposing sides on a truck cab which is in the pr-ocess of

being assemblead.

On that side of the robot paths facing away fi—om the positioning and fixing cevice 3,
6 and 7, respec-tively, there is a number of st-arting positions 14, 15, 16 respectively
for a correspon_ding number of retainer devisces 17, 18, 19, respectively, ass will be

described in gre=ater detail below, both as to fuanction and construction.

It will be obvio™us that, in such cases where twvin robot paths 12 are employed in each
work station, i=t is also possible to employ twin sets of starting positionss for the

retainer devices..

The different restainer devices 17, 18, 19 are leocated in their starting position s 14, 15,

16, respectivelsy, in positions that are entere=d in the control system empleoyed for
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controlling the amssembly plant. This implies that_ the robots 13 “know” exactly where

the different retaminer devices are located when th_ey are in their starting positions.

The retainer dewwices are provided with directioral and gripping members by means
of which a body~ component may accurately be positioned and fixed in relation to a
retainer device. In such instance, it should be ombserved that only the placing of €he
directional and gripping members is directly ada—pted to the body component whicla is
to be positioned.. and grasped in each retainer de vice. Otherwise, the retainer devices

are standardised and are identical.

The retainer de vices each have a coupling mesmber for interconnection with the
turntable on an industrial robot 13. The coupl ing member comprises, on the one
hand, purely me chanical couplings, but also coupplings for the supply of manipulatz on
medium o te r-ediner device, (Or x4mpie c1ec-1ric cadies, CUMNPIessed ait Hnes aud
the like.

An external sugoply of manipulating medium is also catered for in the different
starting position s 14, 15 and 16 for the retainer devices so that, already in the start¥ng
positions, the vaarious body components may be directed and grasped in positiona lly

fixing fashion irm each respective retainer device.

The different caarriages 9 movable along the —onveyor path 8 display directiomal
devices, for e=xample in the form of guide stub shafts which engage w ith
corresponding guide holes in the base plates or cab floor 11. This implies thata
complete cab fl oor of an industrial robot 20 wvhich is drivable along a transvexse
robot path 21 ca-n be employed for placing the czab floor on a carriage 9 where this is
located in its stamrting position 10. As a result, ttme placing of the cab floor in relatkon

to the carriage 9 is established.

The cab floor 11 resting on the carriage 9 is disp Jaced along the conveyor path 8 im to
the first work sstation 1 along the through-flow direction 4, where the carriage & is
positioned accumrately in relation to the positioni—ng and fixing device 5 located there.
Thereafter, the c=ab floor 11 is raised to the corre ct vertical position in the positioniing

and fixing devic-e.
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At least one, but peceferably more of the industria_1 robots 13 included in thes first work
station 1 may be c-aused to grasp and hold a retainer device with a body -component
positioned and fix ed therein in order thereafter to move the retainer dev-ice and the
component to a2 po sition for securing the retainer— device in the positionings and fixing
device 5. To this e=nd, the positioning and fixing device and the retainer dMevice have
mutually engaging= connecting members by mea-mns of which the retainer cdevice can,
In an accurate maraner, be positioned and fixed i_n the positioning and fix-ing device.
This naturally enta_ils also that the body compone=nt is accurately positionead and fixed

as well in the posit-ioning and fixing device.

Preferably, at leas~t two retainer devices are fixe=d simultaneously in the gpositioning

and fixing device, =one from each side of the conv~eyor path 8.

in order that the bOdy components do Not run ne= risk of being positionaii=y dispiaced
in relation to the re=tainer devices or possibly commpletely falling out of therm, there are
disposed couplingss in the positioning and fixing cdevice for manipulating nmedia to the

retainer devices so that these are continuously sugpplied with such media.

After completion of the above-mentioned steps.. the robots 13 are disengzaged from
their respective re—tainer devices, whereafter the robots are moved to toos] stores 22
where they are comanected with joining devices w_hich, carried and manipul_ated by the
industrial robots, a_re then employed for joining teogether the body compon«ents placed

in the positioning &and fixing device.

Once the joining togé’ther of the cab floor 11 aand the body component_s disposed
thereon has procee=ded so far that, after release, t=hey would no longer run the risk of
undergoing mutuall positioning changes, the asse—mbly consisting of the ca™b floor and
the body compon ents secured thereon can, by~ means of the carriage 9 and the
conveyor path 8, toe displaced out of the positicning and fixing device t-o a joining
position 23 where the final joining together takess place, with the aid of a —further one

or more industrial =robots 13 and joining devices carried and manipulated b y them.

At the same time , the industrial robots which placed the retainer dev ices in the

positioning and fixing devices have deposited thxeir joining devices in thes tool store

6
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22 and t-hereafter once again been connected to the retainer devices andll returned
them to Rheir respective starting positions 148, 15, 16, respectively, where nesw bodies

componexnts are put in place.

After thes final joining in the first work station 1, the partly assembled triack cab is
conveyecd along the through-flow direction 4 to the second work station 2 wwhere new
retainer devices 15, 15° and 15” with bosdy components positionally #ixed and
secured —therein are lifted into the positiondng and fixing device 6 dispossed there,

whereupe~on the procedure from the first workz station 1 is repeated.

If a thirdd work station 3 is employed with a third positioning and fixing device 7,
after finaal joining in the second work stati on 2, the partly assembled trumck cab is

conveyeci to the third work station where the procedure is repeated.

Fig. 2 sh_ows in perspective an example of a. positioning and fixing device. It will be
apparent from the Figure that it comprises ~vertical columns 24 which are arranged
pairwise on either side of the conveyor path. 8. For stabilising the columns pairwise,
these are connected, at their lower regions, t< connecting rods 25. The colu—mns form

a gantry —through which the conveyor path 8 extends.

The verttical columns 24 display couplitag members 26 for cooperattion with
correspomding coupling members on those r etainer devices, for example 143 and 14°,
which ar-e to be secured in the columns 2<}. These coupling members 25 and the
correspooanding coupling members in tlme retainer devices 14 and 14’ are
manoeuwwrable under the action of suitable rmanipulators or servo devices wwhich are

controlle=d by the master control system of the plant according to thes present

inventiorn.

As was rnentioned above, the different retadner devices have coupling me mbers 27
for intemrconnection with the industrial robots 13 which are empleoyed for
manoeuv~ring the retainer devices. As was further mentioned above, these coupling
memberss 27 have, on the one hand, mechanical couplings and, on the otTher hand,

couplingss for manipulation media.
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T he retainer devices 14, 14’ further have directional. devices 28 and grippiang
members 29 by means of which body components can, in an accurately position ed
manner, be grasped and hesld in the retainer devices. Th ese directional devices amd
g-ripping members are arraraged in order to fit together wit:h a single body componemnt.
A=t least the gripping m-embers 29 can be manipul ated under the action of
manipulators which are connected to an operating or rmanipulation media suppoly
€ ither via the industrial rob-ot 13, via the operating and m. anipulating medium supply
o-f the positioning and fixsng device or via an external operating or manipulatieon
medium supply in each resspective starting position 14, 1_4’. These manipulators amre
a Iso controlled by the contmrol system of the assembly plaant according to the prese=nt

irvention.
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WHATIS CLAIMED IS:

| U In an assembly plant with at least one industrial roe=bot, a method of
assembling a vehicle body or at lea st a part thereof, vehicle body components being,
£or the formation of the vehicle body or its part, brought to predetermined positions
1.1 relation to one another, they thexre being joined together, char=acterised in that a
£irst body component is placed, posdtioned and fixed in a first reta—iner device (17, 18,
1.9); that the retainer device with the first body component iss moved by a first
i ndustrial robot (13) to a statiomary positioning and fixing= device (5, 6, 7,
respectively) and positioned and fixed in relation thereto; tlmat a further body
component (11) is moved to the p ositioning and fixing device =and positioned and
fixed in relation thereto; and that the first and further body commponents are joined
t ogether, at least to the extent that, after release, they would =0t run the risk of
rmutual positional displacements, by means 01 a JoIning device W=tich 1s carried and

rmanipulated by the first or possibly by a further industrial robot (1 3).

2. The method as claimed in Claim 1, characterised in thaat the further body
component (11) is positionally fixezd in the positioning and fixingg device (5) before

t_he first retainer device (17).

=, The method as claimed in Claim 1 or 2, characterised in that possibly a
ssecond, a third, etc., retainer dewvice (17, 18, 19) with secorad and third body
components, respectively, positioned and positionally fixed ther—ein, are positioned
aand fixed in relation to the positioming and fixing device (5, 6, 7, respectively) by

rmeans of a second, a third, etc., industrial robot (13)

. The method as claimed in any of Claims 1 to 3, charac—terised in that the
f=irst industrial robot (13) is couplexd to the first retainer device - (17) when this has

Ioeen provided with a first body component.

s. The method as claimed in any of Claims 1 to 4, charac—terised in that the
first industrial robot (13) is released from the first retainer device (17) when this has
I>een positionally fixed in relation -to the positioning and fixing -device (5) in order
t_hereafter to carry and manipulate thae joining device.

9
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6. The method as claimed in any of Claims 1 to 5, characte rised in that the
first industrial robot (13) is reconnected to the first retainer devi-ce (17) after the
joining together of the body comyponents for returning the retainer desvice to a starting
position (14) where a body comyonent is once again positioned andl fixed in relation

to the retainer device.

7. The method as claimed in any of Claims 1 to 6, charactermsed in that after
the joining together of the body components, these are displaced fromm the positioning

and fixing device (5) for supplementary joining.

8. The method as claimed in any of Claims 1 to 7, charactermsed in that after
the joining together of the body components and possible supple mentary joining,
these are displaced to a second positioning and fixing device (6, 7, —espectively) and
positioned and hixed In relation thereto; that one Or more additionam retainer devices
(18, 19, respectively) with additional body components positioned =and fixed therein
are positioned and fixed in relation to the positioning and fixing device; and that
these additional body components are joined together with the p-reviously joined

body components.

9. An assembly plant for as sembling a vehicle body or at least a part thereof on
the basis of a number of body components, comprising: a number of manipulators
and a control system including at least one program module wi~th a plurality of
processors rehearsed to realise the movements of the manipulators on the basis of a
computer program, the manipulators including means (9, 13, 26, 2 9) for displacing
body components, for positionning and positionally fixing and fFor joining them
together, characterised by at least one stationary positioning and fixing device (5, 6,
7) which has connection members (26) for cooperation with th e corresponding
connection members on a retainaer device (17, 18, 19, respectively ) for positioning
thereof in relation to the positioning and fixing device, said retaineer device having
gripping members (29) for positi oning and positionally fixing the bo dy component in
relation to the retainer device, and said retainer device being rmovable at least
between a starting position (14, 15, 16, respectively) for gripping a “body component

and the positionally fixed position of the positioning and fixing device, and back

10
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10.  The assembly pla=nt as claimed in Claim 9, characterised imm that a
manipulator constitutes ar industrial robot (13) whicsh is disposed to operaate both a
retainer device (17, 18, M9) as well as a joining de=vice for joining toge—ther body
components positioned an d positionally fixed in the poositioning and fixing device (5,

6, 7, respectively).

11. A computer progr-am containing instructionss for a program moduaale with a
plurality of processors for actuating a number of manmpulators to execute a mmethod as

claimed in any of Claims 1 to 8.

12, The computer progzram as claimed in Claim 1M, provided at least par—tly by the

intermediary of a network such as Internet.
13.  Computer readabl=e medium, characterised 1n that it contams a computer

program with instructions for actuating a number of —processors to execute a method

as claimed in any of Claimms 1 to 8.

11
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