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~ ROLLER TYPE HEMMING APPARATUS

- BACKGROURD OF THE INVENTION
. Ficld of the Invention
Thc present invention relates to 3 rol?er typs hemming
apparatus for hemming, for example, of a door pane1 for a
vehicle. - .
2. Descr1pt1on of the Prior Art
Convant1ona11y. a door pane1 has thrae edges which are
formed by hemming Tayers of an outet panel and an 1nner
panel. An example of a prior arg appgratus_to be used for
such hemming 18 described in Japanese LaidFOpen Pataent
Pub11cation No. 61-262432 in which a rol1er type hamming
apparatus 1s disclosed by the applicant of the present
application, '
The conventional hemming appiratus {3 11lustrated
generally at h in FIG. 11. As shown therain, the hemming
t apparatus h includes shifting means r such as a multi-axis
, céntro11ab1e robot hand 5av1ng a ‘predetermined traveling .
path. nnd a hem roller m carr1ed by the sh1ft1ng means r, and
is adapted for hemming a bent portion We of a workpiece W
. which 1s positioned on a lower die k by the hem roller m
rotated under pressure along the bent portion We, As
{1lustrated, the bent.port1on Ve ds beht in advance
'substéﬁt1a11y at right angles, and the hem roller m is

rotated under pressure along the extreme end of the bent
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poriion We 1o achieve prol1m1nafy bending to a pradetermined
angle. Thersafter, the rolling operation is repeated to
" completely fold over tha bent portion wi; as shown 1n FIG, -
12. . | o

The roller type hemming apparatus h can ba used for’
continuous hemming QIOhg the contour of the peripheral edge
of a workpiece W, thus assuring good product accuracy as
wall as improved operating efficiency. The ro11ef type
hemming apparatus h as described above, however, invo1ves
the following problems. , '

spdb1f1cai1y, as shown in FIG. 12, hemming is achieved
by shifting the hem roller m ajong the bent portion We in a
Ipressed condjtion. and 'in order to achieve good hamming by
folding over the bent portibn.We cnmp1ete1y,.tha hem roller
m must be shifted with its lower end aiways held at a
constant distance § away from a forming surface (or upper
. surface) ko of the lower dise k. Therefore,'an 1deal
trave11ngtpath (hereinafter referred fo as "hemning level
'LH") must be defined for the hem roller shifting means »
such as a robot hand. Such a constant distance 6'13 equal
to.tha total of twice the thickness of an outer panel Wo. and .
the thickness of an inner paneI.H1.

The hem roller shifting means r 1s not, however,
composed of a perfect rigid body, and when the hem roiler m

is pressed against the bent portfon We for hemming,.the
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shifting means r may be daflected through res1ilisncy of
1tseif and repulsive force of the bent portion We.
Thersforé, as shown 1n FIG. 13, the acfﬁal traveling path
(hereinafter referred o as “traveling level LI") of the hem
roller m 1s deviatdd by a distance B from the hemming 1e;e1
LH. This results in insufficient pressing force applied by
the h;m ro?1or m ﬁnd therefore imperfect folding over of the
bent portion We, which will advnrsh]9 affect satisfactory
hal;lm‘lhg. Thus, there has been a problem that the hemming
lavel LH doas not coinc1de'with the actual traveling level
LI due to the deflection of the hem roller shifting means r.
Furthermore, as tha bent portion We of the wofkpiece v
"such as a door paﬁei'to be héhmed usually includes compiex
and continuous curves or the 1ike, it has been quiie
difficult and somet imes pract1éa11y impossible to define
éuch a trave11n§ path for the hem roller shifting means r as
to permit sccurate follow-up of tha hem roller m along the .
contour of the bent portion We. Therefore, the traveling
) pétn of the hem roller.m during the actual hemming operation
includes s1ight difference from the contour of the bent
portion We, which causes another'd1ff1cu1ty in achieving

~ good hemming. .
Whan a muiti-axis contro11ab1a robot hand as described

above {5 used for the hem roller shifting means r, it is

"required to teach 8 predetermined traveling path to the
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robot hand. It 1s, however, 1mpn:§1b1o to directly and
accurately teach such an ideal traveling path of the hem.
roller m as Eequ1red. or the hemming level LH. This 1s
blcaqso the hamming level LH 1s a spatial path held at a
constant distance away from the forﬁ1ng surface ko of the
lower d1e k. Thus, in case the robot hand 1s used for the
hem rolier sh1ft1ng.means r, this teaching procedure has
been quite difficult. |

SUMMARY OF THE INVENTION

It 1sian object of.the present invention to provide a
roilgr type heﬁming.apparatus_where1n a hem roller can
accurately follow up the configuration of a bent portion of
a vorkpiece to be hemmed. | '
It 15 another object of the present invention to

.provide a rolier typs hemming apparatus which can readily
" and directly teach an 1dea) traveling path of a hem roller
to a robot hand. | |

| In'or#ar to overcome the above probiems associated wifh
the prior qrt..the present invention provides a ro1lap type
hemming apparatus for hemming a ﬁorkp1ece having a
peripheral bent portion which includes a hem roller rotated
under pressure along the bent portion of thé workpiece, &
hem roller support adapted for.d1splaceab1y supporting the
hem roller, and a robot hand adapted for shifting the hem

roller through the hem roller support while pressing the hem
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roller on the bent portion of the workpiece.

With the above construction, as the hem roller 1is

- displaceable in a d1ro§t1oh corrasponding to the'pross1ng

direction of the robot hand, deflection of the robot hand or
any difference between the traveling path of the robot hand
and the per1ph§ra1 contour of the workpiece can be absorbed,
permitt1ng the hem roller to accurately follow up the bent
portion of the workp1ece.

In taaching the robot ﬁand. a fobming surface of a
Tower 416 fs used as & virtual traveling path, and during

the hemning oparatiop. the hem roller support corrects or

absorbs any difference between the path thus taught and a

path wh1chlis actually required, so that the hem roller can

be rotated under pressure along the bent portion of the |

workpiece in an optimum trav¢1ing path. ' '

BRIEF DESCRIPTION OF THE DRAWINGS .
Preferred embodiments of the present invention will now

be described by way of example only and with referenca to

" the accompanying drawings, wherein:

FIG. 1 18 a genéraI view of a roller type hemming

~ apparatus using a robot hand 1in accordance with tha present

invention; _

FIG. 2 1s a vertical sectional view of & first
embodiment of a hem roller support;

FIG. 3 is a,schamatic'v1gw 117ustrating the teaching
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operation; _

'FIG. 4 15 a schematic view 111ustfat1ng.the henming

operation; |
FIG. 5 1s a vertical sectional view of a second
embodinent of the hem rollen support;

"FIG. 6 13 a'vertical sectional view of the hem roller
support of the second embodiment, 311ustr§t1ng unother.way
of teaching leve) setting;

FIG. 7 1s a vertical sectional view of a third
emquiment of the hem roller support;

FIG. 8 1s a hydraulic control ciréu1t djagraﬁ for a
hydraulic cylinder in the third embodiment;

FIG. 2 1s & vertical sectional view of a fourth-
embodiment of the hem roiller Support'

FIG. 10 15 a dr1ve control circuit diagram for a gervo
'motor in the fourth embodimant'

FIG. 11 1s & general view of a prior art rolier type
hemming épparqtus using a robot hand;
'. FIG. 12 1s a schematic view 11lustrating shifting -
'oper$t1qn of the hem roller in.FIG. il_on a herming lavel;
and _

Flé. 13 1s a view simitar to FIG. ié but 11lustrat1n§
an actual traveling levei of.the.haq roller,

DETA;LED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings and to FIG, 1 1n particular,
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shoyn thcrqin is a roliler type hemming apparatus 1 embodying
the ‘principles of the present 1nveﬁt1on. As shown thére1n.
the hemming nppahqtus 1 is comprised of a multi-axis
controllable robot hand 2 to wﬁjch a predefermined traveling
path {s preliminarily tuught.:a.hbm roller subport 3 mounted
on the forward end of the robot hand 2, and a hem roller 4
'Hisp1acaab1y subported by the hem rollsr support 3 to be .
pressed rgainst a workpiece W. |
_ The workpiece W is. for. exampie, & qoor panél composed
‘of an outer panel ¥Wo and an inner panal Wi. The outer pane)
Wo has a peripheral portion py911m1nafi1y bent upwardiy
substantially at r1gpt angles, and the inner panhl Wi has a
peripheral stepped portion extending outwardly- (see FIG,
11)., The outer panel Wo and the inner panel Wi are placed
on a lower die 5 with the stepped portion of the inner pansl
W1 arranged aiong the inside.of the bent por;1oﬁ of the'
outer panel Wo. The lower die § has an upper surface
constituting a forming surface 5a and is placed on a common
base 7 on wh1ch.the hemming apparatus 1 is.placed at a
pradeterminad distance &wny from the lower die §. The
S workplece ¥ 13 placed on the forming surface 5a of the Tower
dfe © and 1s secured thereto by f1¥tures 6.
‘As the robot hand 2 1s well known in the art, its
description will be omitted, and the hem roller support 3
and the hem roller 4 w111.be explained 1in detati.
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As shown 1in FIG. 2, a support bracket 11 is attached to
the forward end of .the robot hand 2 by bolts 12. The
support bracket 11 is a block muﬁber of a predaternined
shape having a slide holelllc. a spring hole 11lb and a
through hole 1la cdax1a11y formed in subsequent steps from
the lower side (as viewed in FIG. 2). The s11de hole 1llc 1s
an hnguInr hole, for example, of a square,;ro;S,seétion.
while the spring hole 1lb .and the through hole 1lla are
ctrcular holes having predatermined diameters, respectively.

A silide block 13 1s s1idably inserted in the support
bracket 11 thus constructsd. The s1ide block 13 is a
substant1afly prismatic member slidably inserted in tha
s11de h;1e lic of the-support bracket 11, -and has a threaded
que 13a formed substant1n11§ in the central portion of the'..
inserted upper surface thereof. A stopper bolt 14 1is fixed
in the threaded hols 13a. The stopper bolt 14 is inserted
through the through hole 11; of the support bracket 11 from.
above (as viewed in FIG. 2), and 1s secured to the siide
block 13 by screwing into the thrqadad hole 13:;_w1th a
'spring 10 encircling a shank portien thereof.

v : The sprind 10 is a compression coil spring having a
. predetermined spring constant and has upper and lower ends
held in abutment éga1n$t the bottom of the spring hole 11lb
:forned in tha support bracket 11 mnd tha-upﬁer surface of
the s1ide block 13, respectively, $o as to urge the s1ide
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block 13 downwardly (as v?ewed tn FIG. 2) of the support
block 11. ' '

A spacer p\ite 15 of a predotorm1ned.tﬁ1cknqss t is
provided between the ubper surface of the support bracket 11
and the head of the stopper bolt 14 and.{s removably secured
therebetween by a set screw 16. | |

The s11de block 13 has a support Tug 13b projeéting
downwardly (as viewed in FIG. -2) from the foremost portion
of the Tower surface of the slide block 13. The support lug.
13b has. a support hoie 13c of a predetarm1nad diameter
extending through the thickness thereof. A suppoft shafi 12
. 1s 1nserted_through the support hole 13c 1n such a maﬁner as

"to extend forwardly bey&nd the support 199 13b, and 1s fixed
by & nut 20. . | ..
| The hem roller 4 {s rotatably mounted on the support
shaft 17'a£ the front end thereof througﬁ & metal bush 19.
A collar 18 {s interposed between the metal bush 19 and the
support Tug 13b, o

A teaching procédure to the robot hand 2 will now be
described with reference to FIG. 3. | '

The spacer p1ate 15 1s pre11m1nar11y 1nterposed betwaen
the support bracket 11 and the head of the stopper bolt 14.
as shown 1n FIG. 3. This causes the slide block 13 and
conseguently thg hem rolier 4 to be displaced upwardly (as
viewad in FiG. 3) with respect to the support bracket 11 or
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in the direction away from the forming surface 5a of the
Tower die §, by a distance cofréspond1n§ to tﬁe thickness f
of the spacer plate 15.

Then, tha hem roller 4 is moved along the forming
surfaca 58 of the lower d1e $ 1n abutment therewith sc as to
toach to the robot hand 2 a virtual: traveling path defined
by tne forming surface 5a. The position of the hem roller 4
with respact to the forming surface 5a at .this time is shown
as teaching level LT.. After tha taaching operation has basn
completed, the spacer p1atc_15'1s removed to return the
s11de block 13 to a fres position where the head of the
stopper bolt 14 {is 1in abutment against the upper surface of
the support braékaf 11. ‘ |

As described above, 1n teaching to the robot hand 2,
the virtual traveling path temporarily defined by ths °
fofmfng surface 5a of the Tower die 5 s taught to the robot .
hand 2, so that the robot hand 2 13 shifted in the traveling
pﬁth thus taught to perform.hemming_operat1qn.

‘During the hemming cperation, the workpiece W is placed

. on th; forming surféce 5a of the lower die 5, as shown in

. FI6. 4, so that “the hemming level LH which ‘defines an 1deal
traveling path of the hem roller 4 is deviated by a distance a
from the teaching level LT 1in the direction away from the
form1ng surface 5a of the lTower die 5. The disfance o

correspondé to thickness § of the workpiece W which is the
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" total of twice the thickness of the outer pane! Wo and the
thickness of the inner panel Wi. - Here, 1t 1s to be noted
that the robot hand 2 1s so moved as to locate the hem .
roller 4 at tha teaching level LT. However, the hem roller
4 cannot be located at the level LT since the spacer plate .
16 1s removed during the hemming operation, and since the
workpiece W 1s placed batwe;n the hem roller 4 and the lower
die 5. -Then, the spring 10 provided bétween the support
bracket 11 and the s11de.b1ock 13 1s contracted to the
amount of difference in height of the hem roller 4, that is,
the total of the th1cknes§'t of the spicer plate 15 and the-
thickness & of the workpiece W, and as the spr1n§ 10 15
contracted, the henm r§11er 4 is pressed toward the lower die
5 by repuistve force of the contracting spring 10.
Spe¢ifically, the difference betweeﬁ the teaching level LT
and the hemming level. LH is absorbed by contract1on of the
spr1ng 10, s0 that good hemming operation may be performed
even though the virtual traveling path temporari1y defined
'by the forming surface 5a of the 1ower d1o S has been taught
to the robot hénd 2. '

. Further, during the hemming operation, the hem rolier &4
. 1s pressed with a predetermined prass1ng force against the
bent portion of the workpiece W, and repu1s1va force of the
bent portion for the pressing force causes the robot hand 2
to be deflected 1n the direction away from the bent portion.
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As, in tesaching to the rpbbt hand 2, th; pos1tfon of the |
311de block 13 has been displaced with respect to the
support bréckat 11 by a d1stance corresponding to the
thickness t'of the spacer pfata 15, the hem roller 4 can be
naintained on the hemming level LH, even when the robot hand

2 is defiected within the range 1imited by the maximum |
distance corresponding to the thickness t., Thus, the
deflection of the robot hand 2 1s absorbed and the hem

roller 4 15 always held on the hemming level LH, permitting
the pressing force of the hem roller 4 to be maintained at a
prober value to achieve good hemming. ..~ . '

As described sbove, as the slide block 13 and
consequently the hem roller 4 s displaceabie with ra;ﬁect
to the support bracket 11 and consequently the robot hand 2,
deflection of the robot hand 2, or difference in the
traveling path of the hem roller 4'w1th'respect to the
workpfece W can be apsopbed; pern1ttiﬁg the hem rolier 4 to
constant1j folibw up the bent portion of the wbrkpigce ¥
exactly anﬁ to be constantly pressed with u-proﬁer pressing
force for good hemming. .

Further, as the henm roi19f 4 {s displaceabie with
respect to the robot hand 2, the teacﬁ1ng procedure can be
readily perfurmed; using the forming surfate 5a of the lower
die 5 as virtual traveling path. |

FIGS. 5 and § show a second embodiment of the present
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invention. The second em;odimint 1s similar to the first

embodiment excébt the hem roller support. In this
embodinent, & single-acting hydrauiic cylinder sectfon 26 1s

~ provided between the support bracket and the siide block.
Like parts are given 1ike referenca numbers and thefr
-description will not be repeated.

As shown in FIG. 5, a support brackqt 21 1s seéured to
the forward end of the robot hand 2 by baits 24. The.
support bracket 21 alsoc has a slide hole 2la of a square

‘cross section having a pradeferm1ned depth and opening
dﬁwnwardIy {as viewed in FIG. SJ.i The support bracket 21
further has a hydraulic hole 21b of a circular cross section
having a predéterm1ned d1amaiar and formed in the bottom of
the sljde hole 21a coaxially therewith, .

The support bracket 21.furthef has an o011 hole 21¢
extending from the, bottom of the hydraulic'ﬁo1e 21b and

opening to the forward end of the support bracket 21. A

' hydraulic hose 22 1s connected to the opening of tha 011

hole 21¢c. The hydraulic hose 22 1s connected to hydraulic
powaer means such as a hydraui%c pump (not shown). A slide '

block 23 which will be described later is inserted 1in the 1
811de hole 2la to define a hydraulic ¢h§mber within the
hydraulic hole 21b. Thus, the hydraulic cylinder seption 25
1s formed between the support bracket 21 and the s11ds block
23. When o1l is supplied to the hydraulic chamber, the
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811de block 23 may be pushed downwardly (as viewed in FIG.

5). When the siide block 23 1s pressed upwardly, the oil is
exhausted through the hydraﬁ11c“ha1e'21b to permit upward '
novement of the slide block 23..

The support bracket 21 further has & pair of through
holes 21d extending from the bottom of the slide hole 21a to
the upper surface of the suﬁpurt_brnckét 21 and arranged on.
opﬁosita sides of the hydraulijc hole 21b. 'The through holes
21d are so positfoned as to avoid Interference with the oi)
hole 21c. .

The slide block 23 1s a substantially prismatic member
s11idably inserted in the s1ide hole 2l1a of the support
bracket 21, and is provided with a.cyifndrical piston
portion 23a projecting from the central portion of the
ingerted end surface (upper surface as viewed in FIG, 5) of
the s1ide block 23 to be 1nser.ted into the hydraulic hole

~ 21b 1in the support bracket 21. A seal ring 26 is provided
in ‘the vicinity of the upper end of the piston portion 23a
s0 as to maintain the hydraulic hole 216 in an of1-tight
‘manner. | _ '
' A pair of threadsd holes 23b are formed in the inserted
' end.surface of the s1ide block 23 at positions cofrespondfng
to the through holes 21d formed in the support bracket 21.
Stopper bolts 27 are screwed 1n-the threaded ho1es'23b‘ The

stopper bolts 27 are of the sape'form as the onss shown in
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the first embodiment and are inserted from above (as viewed
in FIG. 5) through the thrpugh holes 21d in the support
bracket 21 to be fastened into the threaded holes 23b 1n the
s11de block 23. | . ‘
'The s11de block 23 has a support lug 23c projecting
downwardly from the foremost portion of the bottom surface

- of the s1ide block 23, The hem roller 4 1s rotatably

supported by the support lug 23¢ in the same manner as
described with reference to the first eﬁbod1ment.

‘As with the first emboqiment, a spacer ﬁjate 28 1s to
be 1nteﬁposed between the upper surface of the support
bracket 21 and the heads of the stopper bolts 27,

The second embodiment thus constructed is operated
similarly to the first embodiment. |

Specifica11y, a virtual trave11ng path defined by the
forming surface 5a of the lower d1e 5 1s taught, with the
spacer plate 28 interposed between the. upper surface of the
support bracket 21 and the heads of tha stopper boits 27.
Difference between.thQ'téach1ng 1evef LT and the hemming -
level LH, or deflection of tha robot hand 2 can ba absorbed

. by supplying or exhausting o011 through the hydraulic hole

21b so as to displace the siide block 23 and consequently
the hem roller 4 with respect to the support bracket 21.
This aliows the hem roller 4 {o accurately follow up the

workpiece W and to be consiant1y'prassed with a proper
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pressing force to achieve dood hemming.

As shown in FIG. q. the spacer plate 28 may be replaced
by a Tock screw 29 which 18 adapted for dafining thi
lowermost 1imit of displacement (teaching leve! ﬁT) of the
siide block 23 1in the teaching procedure. SpecﬂffcnITy;

the s1ide block 23 has an elongated groove 23e formed 1n the

front surface on the left side (as viewed in FIG. 6), and
the suppo}t bracket 21 has s threaded hole 2le formed 1n
confronting relation to the elongated groove 23e. To lock
the s118e block 23, the Jock screw 28 1s screwed in the
threaded hole 2le untdl its' tip 15 engaged in the é1ongated

_ groove 23e.

FI1GS. 7 and 8 show-3 third embodiment of the present

invention. In this embodiment, a hydraulic servo system 1s

”emp1oyed for controlling the position of the hem roller 4.

Like parts are given 1ike reference numbers and their
description will not be repeated.

As shown 1in FIG. 7; 8 support bracket 31 includes &
doyble—acting hydrau11clcyifnddr section 32 cqntr011éd by a

hydraulic control circuit shown in FIG. 8. The support
" bracket 31 has a sl1de_hdle 31a of a square cross section,

"as with the first and second embodiments. A cy11ndar bore

31 b {3 coaxially formed from the bottom surface of the s!1de
hole 31a, and also & through hole 3ic is coaxially formed '

from the bottom of the cylinder bore 31b and 1s opened to

16
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the upper surface of the support bracket 31. A stopper
plate 31f 1s Eécured to ths opening of the slide hole 3la or

the lowermost end of the support bracknt 3l so as';o project

therafron.

The cy11nd¢r bora 31b has a pair of hydraul1c ports 31d
and 3le axially spaced from each othar and connected to a
hydraulic pump éhrough respective hydraulic hoses. A p1stoﬁ
shaf? 33 fs.sl1dab1y inserted 1n the cylinder bdre 31b thus
constructed. The piston shaft 33 has substantially in the
central portion of the length thereof & piston 33a
integrally formed therewith, and a seal ring 34 is provided
around the piston 33a., The hyd?aulic porti 3id and 3le.are
opened to the cylinder bore 31b at positions above and below
the piston 33a, respsctively, so that supply and exhaust of
011 through.the hydraulic ports 31d and 3le causes the
piston shaft 33 to be displaced up and down.

The upper'end.of the piston shaft 33 projects through
the ﬁhrough hote 3te upwardly beyond the upper surface of
the support bracket 31 and 1s connected to a 1inear encoder
35 used for position detection. A seal ring 36 is provided
between the upper end of the piston shaft 33 and the through
hole 31c so as to maintain the cylinder bore 315 in an ¢il1-
tight manner. The lower portion of the piston shaft 33
projects dewnhard1; into the slide hole 31a, and is
connected to a s1ide block 37 through a threaded portion 33b
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provided at the lowermost end of the piston shaft 33,

The hydraulic cylinder section 32 thus constructed 1s
actuated to verf1cu11y move the s1ide block 37 and thereby
to displace fhe position thereof_w1tb respect to the suppo}t
bracket 31, which position of the s1ide b1ocﬁ 37 1s detected
by the Tinear cncodir 35. The s1ide block 37 and the hem
.ro110r 4 supported thereby are formed similarly to the
corrssponding paris of the first embodiment.

The hem roller support of the third embodiment 1s.thus

- constructed, and the hydraulic cylinder section 32 1is
actuated to reciprocatingly move the s1ide block 37 and
consequantly the hem roller 4 betwaan ihe-hottom of the
stide hole 31a and the stopper piate 31f, and the position
of the hem voller 4 can be constantly controlled through the
1inear encoder 35 by the hydraulic control circuit shown in .
FIc. 8, . .

Now, the descr1pt1on Will be related to the hydraulic
control circuit for-the hydraulic cy11nder sect1on 32 with
reference to FIG. 8.

The hydraulic ports 31d and 31e of the hydrau11c

' cylinder section 32 are connected through hydrauifc hoses 41
and 42 to the ﬁydrqu11c sarvo valve 38 wﬁich is, in turn,
connected through a hydrnu1ié hose 43 to & hydrau11c.pump'
39. The hydraulic servo valve 38 1s changed over ﬁq send

" hydraulic pressure generated by the hydraulic pump 39 to the
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hydraulic port 31d or 3le and thorosy to vertical]y
rec1proéate the piston shaft 33 in the cylinder bore 31b.
The Yinear encoder 35 and the hydrau)ic ssrvo valve 38
are electrically connect&d through a servo amplifier 40 to
an extarnal control unit 45 such as a sequencer. The Tinear
ancoder 35 detects the position of the hem roller 4, and 1n
accordance with the detected position, the hydrauiic servo
valve 38 1s changed over to adjust the pos1t1on of the hem
roller 4, ' |
The hydraulic servo valve 38 has a return port 44
adapted for returning o1l exhausted from the hydraulic
cylinder #ect1on 32 to a tank 46, A hydraulic metar 3% for
the hydraulic pump 39 is provided.
The hem roller support thus constructed is operated
similarly to tha preceding embodiments. ‘ |
In the teaching opérat16n tﬁ the robﬁt hand 2, thé
external control unit 45'1s'a§erated to change qver'thé
hydraulic servo valve 38 to move the sl1ide block 37 upward1§
(as viewed 1n FIG. 7) by a predetermined distance from the
.lowermost posﬁtion of the s13ge block 37 (pos1f1on in
- abutment against the stopper plate 31f) so as to position
| the hem roller 4 on the teaching level LT, and in this
cnndition. teaching is carried out s1m11ar1y to the
preced1ng embod1ments.

urfng the hemming operation, ‘the henm r011er 4 is '
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returned to iho Towermost position from.tho teaching leve’
LT to be pressad against the workpiece W. The difference
between the teaching level LT and the hemming Tevel LH, or
deflection of the robot hand 2 when pressed cah be absorbed
by detecting the actual position of the hem roller 4 by the
11ngar ancoder_as. changing over the hydraulic servo valve
38 by the extarnal conirol unit 45 1n accordance with the
detected position and displacing the s1ide block 37 and
consequently the hem roller 4 so as to.be constaﬁt1y held on.
the hemming level LH. Therefore, tha hem fo1jer,4'can
constantly follow up the workpiece W aﬁcurately and be
pressed with a pfoper pressing force to assure good hemmiﬁg
at all times. _ '
FIGS. 9'and 10 show a fourth embodiment of the present
invention. This eﬁbodiment emp?bys a motor servo system in
place of the hydraulic serve system of the thifd émbodjment.
Like parts are given 11ke reference numbers and their
description will not be repeated.
. As shown in FIG. 9, a serve motor 50 with a rotary
encoder 52 is mounted on the upper surface of a support
i bracket 51. The motor 50 has an output shaft 50a which 1s
coax1411y connected with a threaded shaft 54a of a ball .
screw 54 through a coupling 55. The.threaded shaft S4a is
projected into a s11de hole 51a formed in the support
bracket B, '
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.A s1ide block 56 has in the upper surface thereof a

support hole 55a of a prodctlrnined.d1;metor. in which a nut

54b of the ball scraw 54 1s axially s1.1dub1y inserted. The .

support hola 552 has at the opening thereof an enlarged-
diameter engaging hole 85b of a préedetermined depth. The
engaging hole 55b is ad;pfed for receiving a fiange portion
54c of the nut 54b. A retainer 56 1is attached to the

‘opening of the engaging hole 55b so as to prevent the nut

54b from falling out, and a key 57 1s provided for
preventing rotation of the nut 54b with respect to the slide
block 55. Thus, the nut 54b 15 siidable within the support

hole 552 in the range defined by the range of movement of

the flange portion 5d4c batﬁégp the bottom of the engaging
hole 55b and the retainer 56,. and therefore, the nut 54b is

‘displaceable with respect to the slide block 55 in this

range. _ |
" A load cell 58 4s mounted between the lower end of the
nut 54b and the bottom of the support hole 55a and fs
electrically connected {0 an external control unit 60
through a servo ampliffer 53 which will be mentioned later.
A stopper plate 61 1s attached to the opening of the
s1ide hole 5la or the'TOQQEnost end of the support bracket
51 similarly to the third embodiment and is adapted for
defining the lowermost 1imit of disp!acemenf of the slide
block 55 or preventing falling out thereof, The hem roller

i1 s Sheet Has Been Replaced’

||III||III|| | II

NITIT TSR %0 LSINRT BB A NNV vy ¢ e OT Coae = e, arere rere e

CENYSTY L Y e &



4 1s supported by the siide block 55 s1m1far13 to the
preceding embodiments.

" The siide block 55 supporting the hem roller 4 in this
waj 1s s11dingly moved up or down for & predaetermined
distance by driving the motor 50 predetermined revolutions
in the forward or reverse d1rlct1§n. The posjtiﬁn of the
slide block 58 and'consequent1y the hem roller 4 can be
detected through detection of the:nunber of revolutions of
the motor 50 by tﬁe rotary encoder 52, The pressing force
of the hem roller 4 1s detected by the load cell 58, and the
number of revolutions of the motor 50 1s controlled so that
spch a deatected press{ng force may ba'eongtantTy held at a
" proper value and thereby the hem roller 4 may be heid on the
heriming Jevel LH. |

" As shown in FIG. 10, the rotary encoder 52 and the load
cell 58 are e1actr1ca11y-connected'through the:servb
. amplifier 59 to the externaf control unjt B0 such as a .
sequencer, while the servo motor 50 1s connected to a motor
driver 62 uh1§h is aiso connected to the externnilcontrnﬂ
unit 60, ‘ '

The hem rol1er support thus constructed is operated
simflariy to the preceding embodiments.

Specifically, in teaching to the robot hand 2, the
‘motor 50 is Hr1vsn predeterminad revolutions to d1sp1ace'the-

si4de block 55 by a predetermined distance uﬁward1y from the
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lowarmost position whers it is in abutment against the
stopper plate 61, so that the hem roller 4 1s positioned on
the teaching level LT. In this condition, teaching is
carried out s1m11ir1y to the preceding'embod1ments. At this
tine, the nut 54b 1s moved upwardly w1;ﬁ respect to the
support hole 55a tb 2 ‘position where the flange portion 54c
18 1n abutment against the retainer 56.

, Dur1ng'the'pract1ca1 hemming apaﬁat1on,'the motor 50 {s
further driven predetermined revolutions to displace the
s11de block 55 by the distance o upwardly from the teaching

‘ level LT, so that the hem roller & may be displaced to the
hemming level LH. | .: |
In th1s conq1t10n, the hem roller 4 is rotated under
pressure against the bent portion of the ucykp1cce W to
achieve heriming. If the robot hand 2 1s deflected out of
the teach1n§ level LT, thé ham roller 4 1s also displaced
from the hemming level LH, which may rasu)tg in insufficient
pressing force of the hem roller 4, In such a case, the
motor 50 15 rotated, until the load cell 58 detects a |
.predétqrmined pressing force, 30 2s to displace the hem
' ~ roller 4 to the hemming level LH. The deflection of the
robot hand 2 is absorbed.in this way, and thus the hem
roller 4 is constantly hel& on the hemﬁ!ng Tevel LH to
achieve good hemming. '
. What -1s essenti;l to the prasent jnvent1on is that the

23
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hem rollor 4 1s displaceabls with respect to the robot hund
-2, the pos1t1on of the hem roller 4 being controlled by

position controlling means of the hem roller support 3 and

thereby teaching to the robot hand 2 can be resdily carried

out, and during the hemming operation, the position of hem
' roi1ur 4 can be constantly held on the hemming level LH to
“achieve good hemming at all times.

Thus, 1n the hemming apparitus'of the present
invention, as the hem rolier 15 rotated under & proper
pressing force ﬁn an aqcurate traveling path along the
peripheral contour of a workpiece, hemming can be always
satisfactorily carried out. ,Iﬁ addition, teheh1ng to the
robot hand can be readily carried out in the present.
1nvant1on. :

Hh1le tha invention has been descr1bed with reference
to preferred embodiments thereof, 1t 1s to be understood
that modifications or variations may be easily ﬁade without
departing from the scope of the present invention which is

defined by the appended clatms.

2 4
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WHAT 1S CLAIMED IS:

1. A roller type hemming apparatus for homming a
workpiece hav1nq a periphera1 hent pprtion. comprising:

a hem roller rotated under pressure anng'tﬁa bent
portion of the workpiece; |

a hnm roller support adaptcd for d1sp1aceab1y
supporting said hem roller; and

a robot hand adapted for shifting'said hem roller
through said hem rp11er support while press1pg sp1d hem
roller on the bent portion of the workpiece.

2. The roller type hemming apparatus &s defined in
claim 1 uhere1n said hem roller support comprises:

S support bracket mounted on the forward end of said
raobot hand, said support bracket hav1ng an ax1p1 cylindrical
hole extending theretﬁropgh in a direction as to press said
hem rofler; . o

d s11de plock siidably supported bﬁ_snid suppdrt
' bracket, said slide block having a support lug on fhe Tower

" and thereof for mounting said hem roller;
l 8 spring positioned between said siide block and said
support bracket for urging s§1d slide b1o;k in the hem
roller- pressing direction;

& stopper bolt secured to the upper end of said slide -
block for Timiting the stroke end of said s11de plock
against the force of said spring, satd stopper bolt
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extending through the ax1a1 hole of said support- bracket
with 1ts head projacting outwardly from said support -
bracket; and

a spacer plate positioned betwaeﬁ the head .of said
stopper bolt and the upper ‘surface of said support bracket
- for displacing the siroke end of said s11de block.

3, fho roller type hemming apparatus as defined in
claim 1 wherein said hem roller support combrisaﬁr _

a support bracket mounted on the forward end of satd
robot hand, said éupport bracket having an ax1al cylindrical
hole extending therethrough in a direction as to press said
hem roller; . .

a sTide block s)idably supported by satd suppert
bracket, said s1ide block having & support lug on thg Tower
end thereof for mounting said hen roller;

sing1e-act1ng hydrau11c cylinder means provided betwaen
sajd.311de block and said support braqket for shifting said
s1ide block in the hem roller praﬁsing direétion;

a stopper bolt secured to the upper end of said slide
block for 1imiting the stroke end of safd siide block, said
stopper bolt extending through the axial hole of said |
support bracket with 1ts head projecting outwardly from said
support bracket; and .

a spacer plate positioned between the head of said

stopper bo]t_and the upper surface of satd support bracket
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for displacing the stroke and of said siids block.

_4. The roller type hemm1ﬁg apparatus as defined in

-clatm 1 wherein safid hem roller support comprises: .

a support bracket mounted on the forward end-bf S_&Td_

" yobot hand;

a siide block siidably supported by said support

" bracket, said siide block having a support lug on the Tower .

end thereof for mounting said hem rolicr;

double-acting hydraulib cylindar.means provided in said
support bracket for s11deBTy moving sa1d-s11&e block, said
hydraulic cylinder means including a piston shaft;:

a Tinear encoder for detecting tne position of said
s11de b1ock by detecting the stroke amount of said p1ston
shaft of sa1d hydhau11c cylinder means; and

contro1 means for controiling the operation of said

.hydrnul1c cy11nder means based on the position of sald siide

block detected by said 1inear encoder.

5. The roliar type hemming apparatus as def1ned 1n
c1a1m 1 wherein said hem roller support compr1ses.

d support bracket mounted on the forwarq.end.of said
robot hand; o

'a servo motor mounted on.sa1d support bracket and
having an output shaft; . _

a ball screw mounted on the output shaft of said serveo

motor and having a thresded shaft and a nut;
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a slice b?ock.opirativn1y connactnd to said nut of said

ball screw for s11ding movement in a predeterwnined range.and
supported by said suvpori bracket for siiding movement by
oporaiion of said servo motor, said's]iae b1oék having a
SUppbrt Tug on the lower end thersof for mounting said hem
roller; | | ' |

a load cell positioned between said siide block and
said nut of said ball screw for measuring load applied to
sald nui: _ '
. rotary encoder for detecting the position of said
sl1de block by detecting the ‘number of revolutions of said
servo motor. and '

control means for control11ng the operation of said
servo motor based on the position of said s11de block
detected by said rotary encoder and the load applied to said -

nut and measured by said load celi.
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