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ROLLER TYPE HEMMJ~G APPARATUS 

BACKGROUND O~ THE INVENTION 

1. Field of the In~ant1o~ 
. ,• 

The present 1nv~nt1on r•1ates to a roller type hemm1ng 

apparatus for hemming, for example. of a door pinel for a 

veh1c1e. 

2. Descr1pt1on of tha Pr1or Art 

Convent1ona11y, a door pana1 has three edges wh1~h ere 

formed by hemming 1ayers ·of. an outer pana1 end an inner 

panel. An e>eampl a of ·a prior ar~ app.aratus. to ba used for 

such hemm~ng 1s descr1bed 1n Japanese La1d~Open Patent 

Pub11cat1on No. 61-262432 1n wh1ch a roller type bemm1ng 

apparatus fs d1sc1osad by ~ha app11can·t of tne present · 

app11cat1on. 

The conve~t1onal hamm1ng apparatus 1s 111ustratad 

generally at h fn FIG .. 11. As shown therein, the hanm1ng 

apparatus h 1nc1udes sh1ft1ng means r such 11 a mu1tt-ax1s 

contro11ab1e robot hand hev1ng a·predeterm1ned trave11ng · . 

path. and a hem ro11er m carried by the sh1ft1ng means r. and · 

1s adapted for hemm1ng i bent portion We of a workp1ece W . . . 

which 1s positioned on a 1ower die k bJ the hem ro11er·m 

rotated under prasiure a1ong the bent portion We, As . . . . 

:~11ustrated. the bent portion Va ·1s· bant 1n advance 

substint1a11y at right angles, and the ham T'o11a·r m 1s 

rot~ted Under pre5sure·along the extreme a~d Of the bent 
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portion ~e to ach1ava pre11m1nary bending to a pradet•rm1n•d 

ang1e. Thereafter, the ro111ng operat1on 1s repeated to 

· completal~ fold over the bent portion We, es shown 1n FIG. 

12. 

The roller type hemm1ng apparatus h can ba used for· 

continuous hamming along the contour of the per1phera1 edge 

or a workp1ace W, thus 1$SUr1ng go~d product accuracy as 

wall as 1mproved operating eff1c1ency. The roller type 

hamming apparatus h as descr1bed above. however. 1nvo1ves 

the following prab1ams. 
. , 

~pac1fic111~. as s~own 1n FIG. ·12, hemming 1s achieved 

b1 shifting the ham ra11er m Dlong the bent portion We 1n a 

pressed condition. and·in order to achieve good hamming by 

folding over the bent portion Wa comp1ataly, the h"em roller 

m must be sh1ftad w1th 1ts lower end always .held at a 

constant d1stance 5 away from I forn1ng surface (Or upper 

. surface) ko of the lower d1a k. Therefore, an ideal .. 
trave11ng path (hera1naftar raftr~ed to as ~hemm1ng 1eve1 

' 
·LHfl) must b• defined for the han ro11er shifting means r 

such as a robot hand. such a constant distance 8 1s equa1 

to the total af twice the thickness of an outar panel wo.,nd 

the th1 ckness of an 1nner panel W1. 

The ham roller sh1ft1ng me.ans r 1s not, however, 

composed of a·perfect r1g1d bod~. and whjn the ham roller m 

is pressed against the bant portion We for hemming,. the 
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sh1ft1ng means r may be d•f1ected through ras111ancy of 

1tse1f and repuls1ve force of the bent port1on we. 
Therefore.· as shown 1n FIG. 13, the actual treva11ng path 

.(hera1naft~r referred tb!os utrave11ng level LI") of the ham 

roner II! 1s dev1atid by a di.stance s· from the h•11111ng level 

LH. Th1s resu1ts ~n insufficient pressing forci applied by 

the hem roll•~ m and therefore 1mperfect fo1d1ng over of tha . . 
·bent port 1on We, wh1ch w1'11 adverse~ y aff9'ct satisfactory 

h••m1ng. Thus. th•r• has been • prob1em that the henm1ng 

1aval LH does ·~ot co1ncide·w1th the actual trave11ng level 

LI dua to the deflection. of ttte hem roller s·h1ft1ng means r. 

Furtharmora. as th• bent portion We of the workpiece W 

·~uch es a door parie1 ~ob~ hemmed usually includes comp1ex 
' and continuous curves ar the like. it has been quite , 

dflf1cu1t.and somat1m~s practically impossible to define 

such a trave11ng path for the hem ro11er sh1ft1ng means r as 
. . 

to permit accurate follow-up af the ham roller~ along the. 

contour of the bent port1on .we. Therefore. the travel~ng 

patn of the hem ro11er.m dur1ng the actual hemm1ng operation 

includes slight d1ffarenc• from the contour of the bent 

port1on We, wh1ch causes another dtff1cu1ty 1n ach1ev1ng 

~ood hemm1ng. 
Whan a mu1t1-ax1s contro11ab1a robot hand as descr1bed 

ab~v• 1• used for the hem rol~er sh1ft1ng mea~s r, 1t 1s 

·required to ·teach a predeter·m1nad tl'.'ave1 fng path ·to the 
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robot hand. It 11. however, impossible to d1rect1y and 

accurately teach such an 1d1al trave11ng path of .the hem. 

ro11ar m as raqu1red, ~r the h1mm1ng 11v11 LH. Th1s 11 

b1caus1 th• h1mm1ng.1eve1 LH 1s a spatial path ~e1d at a 

constant d1st~nce away from the forn1ng surface ko of the 

lower d1a k. Thus, in ca~e the robot hand 1s use~ for the 

hem roller sh1ft1ng means r, th1s teaching procedure has 

been qu1te d1ff1cult. 

SUMMARY OF THE INVENTION 

It is an objact of the present 1nvent1on to prov1de o 

ra11~r type hemming. apparatus where1n a hem roller can , 

accurately follow up the ~onf1gurat1on of a bent portion of 

a workpiace to be hemmed. 

It 1s another object of the present 1nvant1on to 

.provide a rolier ~ype hemm1ng apparatus wh1ch can raad1ly 

and directly teach an 1dea1 trave11ng path of a he•· roller 

to a robot hand. 

In.order ta avarcom• the above problens associated w1th 

the pl"1or art. the present inven~1on prov1des a W'Oller type 

hemming apparatus for hemm1ng a workp1ece having a 

per1phera1 bent portion which includes a nam roller rotated 

under pressure along the bent portion of the workpiece, a 

ham roller. support adapted for d1splaceab1y suppoT't1·ng the 

hem roller, and a T'Obo.t hand adapted far shifting ttie hell 

roller through the hem roller support while pres~1ng the ham 

.4 

Thislif~U iD1i1il1iiiaced 

I'),.._.,. .,..-. 

., 

i 



~o11•r on the bent port1on of the workp1ece. 

W1th the above construct1on, as the ham rollar 1s 

d1sp1ace1b1e· 1n a d1ra~t1oh corr•spond1ng to the pr1111ng 

direct1on of th• robot handt deflect1on of the robot hand or 

any d1ffarence between the tra.vel 1ng path of the robot hand 

and the par1phare1 contour of the workpiece can be absorbed. 

perm1tt1ng the hem roller to a~curataly follow up the bent 

portion of the workp1ece. · 

In taach1ng tha robot hand, a forming surface of a 

lower d1e 1s used as a virtual traveling path, and during 

the he•~1ng oparat1on, the ham rallar support corrects or 

absorbs any d1fferenc• betwaari the path thus taught and a 

path wh1ch 1s actually ~aqu1rad, so that tha hem roller can 
. 

be rotated.under pressure along the bent port1on of the 

workp1e~e 1n an optimum trave11ng path. 

BRIEF DESCRIPTION OF THE. DRAWINGS 

Preferred embodiments of the present 1nvent1on w111 now 

be descr11>.ed b~ wa~ of example only and w1~h _.reference to 

the accompany1ng drew1ngs, wherein: 

FIG. l 11 a general v1ew of a roller type hemming 

apparatus us1ng a robot hand 1n aecordanca w1th tha present. 

1nvent1on; 

FIG. 2 1s a vert1ca1 sect1ona1·v11w of a.f1rst 

embod1ment of a·hem roller support; 

FIG. 3 1s ~ schematic.view 111ustrat1ng the teach1n; 
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operat1on; 

·FIG. 4 is 1 schema~1c v1ew 111ustrat1ng the he~m1ng 

operatfon; 

FIG. 5 fs a vert1ce1 sect1ona1 viaw of a second 

embod1nent of. the ham rallar support; 

FIG. 6 1s a vert1ca1 sectional v1ew of the ~em roller 

support of the ·second embodiment, 111ustrat1ng another way 

of taach1ng level setting; 

FIG. 7 1s a vertical sectional v1ew of a th1rd 

embodiment of 'the hem roller su~port; 

FIG. 8 1s a hydraulic iontrol c1rcu1t d~agram for a 

hydraulic cy11nder 1n the t~1rd embDdimant; 

FIG. 9 1s a vartfca1 sectional v1ew of a fourth· . . . 

embod1mant of the hem roller suppo~t; 

FIG. 10 1s a dr1ve control circuit diagram for a servo 

motor 1n the fourth anbod1mant; . 
FIG. l1 1s a general ,v1aw of a prior art rol lar type 

hemming apparatus us1ng a robot hand; 

FIG. 12 1s a schemat1c v1aw 111ustrat1ng sh1ft1ng: 

operat1on of the hem rollar 1n.FIG. 11 on a hamming 1eve1; 

end 
.. 

FIG. 13 is a. v1ew s1m11ar to FIG. 12 but 111ustrat1ng 

an actual travel1ng level of tha he~ roller. 

DETAILED DESCRIPTipN OF THE PREFERRED EMBODIMENTS 

Ref'err1ng to the draw1ngs and to FIG. 1 ·1n part1cu1ar, . 
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shown th•r•1n 11 a roller type hemm1ng apparatus 1 e•bodying 

the·pr1nc1p1es of the present 1nvent1on. As shown there1n, 

the hemm1ng appa~etus 1 1s comprised of a mult1-aK1s 

controllable robot hand 2 to wh~ch a pred1term1ned trave11ng 

path 1s pre11m1nar11y taught, ·a hem ro11ar support 3 mounted 

.on t·he forward end of tha ·robot hand 2, and a hell ~oll er 4 

d1sp1acaab1y supported by tha ham roller suppa~t· 3 to be. 

pressed aga1nst 1 workpiece w. · 
Thi workpiece w 11. for. ex•mpie. a door pene1 composed 

of an outer panel Wo and an inner panel W1. The outer panel 

Wo has a per1phera1 port1on prel1m1nar11y ~ent upwardly 

substant1a11y at right anglas 1 and the 1nnar. panal W1 has a 

per1pharal stepped po7't1on extending ·outwarcny-_. (see FIG. 

11). The outer pana1 Wo and the inner panel Wi ere placed 

on a 1 ower d1e 5 w1th the stapp'•d portion of tha inner panel . . 
W1 arranged along the 1ns1de.of the bent port1on of the 

outer pane1 Wo. The lower d1a S has an upper surface 

constituting n farmtng surface Sa and 1s placed on a common . . 
base 7 on wh1ch the hamm1ng apparatus 1 1s .pi aced at a 

pradaterminad distance away from the lower die 5. Tha 

warkp1ece w 1s Placed on the forming surface Sa of the lowe~ 

d1e s and 1s se~ured thereto by f 1xtures 6 • 

. ·As the robot ~and 2 1s we11 kno~n in the art. its 

de$cr1pt1on w111 be omitted, and t~e ham ra11a~ support 3 

and ~ha ham roller 4 will be axp1a1ned 1n detail. 

T 
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As shown 1n FIG. 2. a support bracket 11 is attached to 

the forward end of .the robot hand 2 by bo1ts 12. The 

support bracket 11 1s a· block member of a pred1tern1ned 

shapa ~6v1ng ~ s11de riole lle, 1 spr1ng hole llb and a 

thrBugh hole lla coax1a11Y formed 1n subsequent steps from 

the lower side (as viewed 1n FIG~ 2). The s11de hole llc 1s 

an angular hola, for example, or·1 square.cross.sect1on, . . 

wh11e the spr1ng ho1a llb .ond the through hole lla are 

cfrcular holes having predetermined d1ameters. respect1ve1~. 

A sl1da block 1! 11 s11dabl~ 1nserted 1n the support 

bracket 11 thus constructed. The slide black 13 1s a 

substant1a11y pr1smatic member s11dab1y inserted 1n the 
' . 

s11da hole llc of the support bracket 11 1 .and· has a threaded 
. . 

hole 13a formed substant1aily 1n the central portion of the· 

insa~tad uppe~ su~face thereor. A stopper bolt 14 1s f1xed 

1n tha threaded hole 13a. The stopper bolt 14· 1s inserted 

through tha through hale 111 of the support bracket 11 from 

above (as viewed 1n FIG. 2}. and fs s~cured to the slide 

block 13 .by scraw1ng into the threaded hole 13a, w1th a 

·spring 10 encircling a shank portion thereof. 

The spring 10 1s a co•press1on cofl spr1ng having a 

predetermined spring constJnt and has· upper and lower ends 

held ·1n abutment against the bo~tom of tha spring h·aie ·llb 

.farmed 1n the support bracket 11 and the upper surface of 

the slide block 13, raspact1valy, so as to urge the slide 
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block 13 downwardly (as v1ewed fn FIG. 2) of the support 

block 11. 

A spac~r plate 1! of a pred1term1ned th1ckness t ·11 

prov1dad b~tween th• upper surface of th• support brack1t 11 
and the head of the stopper bolt 14 ind. fs re111ov1bl y 1ecur11d 
tharabetween by e set screw 16. 

The s11de block 13 has e support lug 13b projecting 

downwardly (as v1ewad 1n FIG. ·2) from the foremost portion 

of the lower surface of the 111de block 13. The support 1ug. 
13b has. a ·support hole 13c of 1 predetermined d1ametar 

extending ·through the th1cknass thereof. A support shaft 17 

. is 1nserted through the support hole 13c tn such 1 manner as 

to extend forwardly beyond the support lug 13b, Ind 1s f 1xed 
' 

by a nut 20 •. 

The hem roller 4 1s .rotatab1y mounted on the support 

shaft 17 ·at the front end th~raof through a mata1 bush 19. 

A co11ar 18 1s interposed between the meta1 bush 1·9 and the 

support lug 13b. 

A teaching p~ocedure ta the robot hand 2 will now ba 
described ,with reference to FIG. 3. 

The specer plate 15 is pre11m1narily interposed between 

the support bracket 11 a~d the heDd of the stopper ~olt 14. 

as shown 1n FIG. 3. Th1s causes the s11de block 13 and 

consequently the hem roller 4 :to be d1sp1acact. upwardly (at 

v1awed tn FIG. 3) with respect to tha support b~acket 11 or 
•., 
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1n the d1rect1on away from the formt~g surface 5a of the 

lower d1e 5, by a d1stance correspond1ng to the th1c~ness t 

ot the spacer plata 15. 

Then, th• hem roller 4 11 moved along the form1ng 

surface Sa of tha lower die 5 1n abutment therew1th so as to . . 

teach to the robot hand 2 ·a ~1rtua1· traveling path da.f1nad 

by the form1ng surface Sa. THe pos1t1on of the ham ro11er 4 

with raspact to the for~1ng surface Sa at .th1s t1me 1s. shown 

as teaching level LT.· After· tha teaching operation has baan 

completed,· the spacer plate 15 1s removed to return the . . 

sl1da block 13 to a free position where the head of the· 

stoppal" bolt 14 1-s 1n abutment age.inst the upper surface of 

the support bracket 11. 

As described above, 1n teach1ng to the robot hand 2, 

the virtual traveling path tanporar11y defined by tha · . . 

forming surface Sa of the 1owar ~ie 5 1s taught to the robot 

hand 2,·so that the robot hand 2 1s shffted 1n the traveling 

path thus taught to perform hemming operat1o.n. 

During the hemming opet~t1on, the work,1eca W is placed 

on the form11'.1g surface sa· of tha -"lower die s. as shown 1n 

FIG. 4. so that-the hemming level LH wh1ch "def1nas an 1deal 

trave11ng path of the hem roller 4 1s deviated by a distance a 

from the teaching 1evel LT 1n the d1ract1~n away from the 

forming surface Sa of the lower d1a 5. The distance a 

corresponds to thfckness 6 of the workpiece W which 1s the 
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total of tw1ce th1 thickness or the outar pane1 Wo and the 

thickness of the inner penal W1. ·Hare. 1t 1s to be noted 

that th• robot hand 2 1s so moved a~ to locate th• hem ~ 

roller 4 at th1 teach1ng level LT. However, the hem roller 
4 cannot be located at the level LT s1nca the spacer p1ata.·. 

15 1s removed dur1ng the hemming operation, and s1nce the 
' 

workpiece W is plac~d between the hem roller 4 and the lower 

d1e 5. ·Then~ the spring 10 proY1ded between the support 

bracket 11 and the slide block 13 1s contracted to the 
emount of d1fferenca·1n he1ght· of the hem roller 4t that 11. 

the total of th~ th1cknes~ ·t of the spacer plate 15 and the· 
th1ckness d of the workp1ece W, and as the spring 10 1s 

contracted. th_e hem ro 11 er 4 1s pressed toward the 1 ower die 
5 by repuls1ve force of tha contracting spring 10. 

Spec1f1ca11y. the difference be~ween the taach~ng 1eve1 LT 
and the· hemm1ng 1 evel- ·LH 1s absorbed by contract 1on of the 

spring 10, so that good ~emm1ng operation may be performed 
even though the v1rtual. traveling path te11porar11y def1ntd 

·by the form1ng surface Sa of the lower d1a 5 has been taught 
to the robot hand 2. 

Further, during the hemming operat1on, the hem·roller 4 

1s pressed with a predetermined pressing force aga1nst the 
bent port1on of the workp1eca w •. and repuls1va forca of the .. 
bent port 1on for the press f ng fo".ce ca us as the robot han.d 2 

to be de~lected 1n the d1rect1on away from the bent port1on. 
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As, 1n t1ach1ng to the r~bot hand 2. th• po11t1on of th• 

s11d• block 13 has been d1sp1aced with respect to the 

support bracket 11 by a 01stanc1 corresponding to the 
' . 

th1~kness t o~ the spacer plate 15, the ham roller 4 can b~ 

ma1nta1ned on the ha~mfng 1eve~ L~. av1n whe~ the robot hand 

2 1s d1fl1cted w1th1n the range 11~1t•d b1 the ~ax1mum 

distance correspond1ng to the thickness t. Thus, the 

def1ect1on of the robot hand 2 1~ absorbed and the ham 

r~ller 4 1s always.held on tha hemming ievel LH, perm1tt1ng 

the_prass1ng force of the hem roller 4 to ba ma1nta1ned at a 

proper Yalu• to ach1eva good h'emm1ng. ,,,,·. 

As dasc~1bed above, as the s11de b1ock 13 and 

consequentl)' the hem ro'1 ler 4 1s d1sp1acaable w1th respect 

to the support bracket 11 and consequently the robot hand 2. 

deflection of the robot harid 2, or difference 1n the 

traveling path of the ·h·am ro1 ler 4· w1th ra~pect to the 

workpiece W can ba absor.bed, parm.itt.1ng tha hem ro~ 1 er 4 ta 
. .. 

constantly follow up tlie ~ent port'1on of the workp1ace W 

exactly and to be constantly p~assad w1th a·proper pressing 

force for good hamming. 

Further, as.the hem roller 4 1s d1sp1aceabl"e w1th 

respect to the roboi hand 2. the teach1ng procedure can be 

raad11~ performed. using t~a forming surfate 51 of~th~ lower 
. ' . 

die i as virtual traveling path. 

FIGS. S and 6 show a second embodiment of the .Present 
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1nvent1on. The second embodim•nt 11 a1m11ar to the first 

embod1mant except the hem ro1ler·support. In this 

embod1ment •. a s1ngie-act1n~ hydrau11c cy11nd1r 19ct1on 26 1s 

provided between the support bracket and the si1d• block. 

Like parts are g1ven 11ka reference numbers and their 

-descr1pt1on w111 not be repeated. 

As shown 1n FIG. 5, a support bracket 21 1s sacu~ed to 

the forward end of the robat hand 2 by -bolts 24. The. 

support bracket 21 also has a slide hole 21a af a square . . 
·cross section hav1ng a predetermined depth ~nd open1ng · 

downwardly (as v1awad 1n FIG. 5). Tha support bracket 21 

further has a hydrau11c ho1a 21b of a c1rcular cross sect1on 

hav1ng a predetermined d1amatar and formed 1n the bottom of 

the slide hole 211 coax1a11y tharew1th. 

The support bracket 21 further has an 011 ho1e 21c . . 

extending f~om th~. bottom._of the hydrau1'1c ·hole 21b and 

opening ta the forward end of the support bra·cket 21". A 

hydraul~c hose 22 1s connact~d to the open1~g of tha 011 

hole 21c. The hydr1ul1c hosa 22 1s connected to hydrau11c 

power means such as a hydraulic pump (not shown). A s11de 

block 23 wh1ch w111 be described later 11·1nserted 1n the 

s11da hole 2la to daf1ne a hydraulic chamber w1th1n the 

hydraulic hol• 2lb~ Thus. the hydraulic cy11ndar section 25 

1s formed between "the support brac~et 21 and' the s11d• block 

23. When oil 1s supp1;ad to.the hydraulic chamber, the 
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s11d1 block 23 may b1 pushed downw~rd1y (as ~1ewad 1n FIG. 

5). Wtten the s11de b1ock 23 is pressed upward1y, the 011 1s 

exhausted through the hydraulic' ht1e ·21b to permit upward 

1ov1ment of the s11da block.23 •. 

;Th• support bracket 21 further has a pa1r of through 

hales 2ld axtend1ng from the bottom of the slide hole 21a to 

tha uppe~ surf ace of the support bracket 21 and arranged on 

opposite sides of the hydraul~c hole 2lb. The through holes 

2ld are so pos1t1~nad as to avoid interference with the 011 . 
ho1 e 21c. 

The. s11de block 23 1s a substant1a11y pr1smat1c membe~ 

s11dab1y 1nserted 1n the s11de hole 21a of the support 

bracket 21a and 1s prov1ded with a cy11ndr1ca1 piston 

port1on 23a project1ng from. the central portion of the 

inserted· end surface (upper surface as viewed 1n FIG. 5) of 
. . 

the slide b1ock 23 to be 1nserted into the hydrau11c hole 

21b 1n tha support bracket 21.. A seal· ring 26 1s provided 

1n ·the v1c1n1ty of the upper end of the p1ston pa~t1on 23a 

so as to ma1nta1n the hydrau11c hole 2lb 1n an 011-tight 

manner • 

. A pa1r of threaded holes 23b are formed 1n.the 1nserted 

end surface of the ~11da b1ock 23 at pos1t1ons correspondfng 

to the.through holes 2ld formed 1n the support bracket 21. 

Stopper bo1ts 27 are screwed 1n·the threaded holes 23b. The 

stopper bolts 27 are of the sane form as the ones shown 1n 
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·. 

th• f1rst embodiment and are 1n11rt1d from above (as v1ewed 

1n FIG. 5) through the through ho1es 21d in the support 

bracket 21 to be fastened 1n~o the thr~aded holes 23b 1n the 

s l 1de b·l ock 23. 

The s11de block 23 has a support lug 23c project1ng 

downwardly from the foremost portion of t~a bottom surface 

of the s11da bloc~ 23. Th• ha1 roller 4 11 rotatabl~ 

supported by the support lug 23c 1n the same manner as 
descr1bad with refaranca to the f1r1t embad1~ent. 

-As w1th the f1rst embod1ment, a spacer p1ate 28 11 ta 

be interposed between the upper surface of tha supP,ort 

bracket 21. and the· heads of tha stopper bolts 27. 

The s'econd ambod1111ent thus constructed 1s a·parated 

s1111arly to the f1rst embodiment. 

Spec1fice11Yt a virtual ~rave11.ng peith de.fined ~y the 

form1ng surface Sa of th• lower d1e 5 1s taught, with the . . . 
spacer plate 28 1nterpo~ad 9etween thi. u'ppar surface of the 

support bracket 21 and the heads of the stopper bolts 27. 

D1fferanca between th~·taach1ng level LT end tha henni1ng -

level LH, ~r def lect1on of th• robot hand 2 can be abs~rbed 

by supplying or exhausting 011 through the hydraulic hole 
2lb so as to d1sp1ace the slide block 23 and consequently 

the hem ro11er 4 with respect to the support bracket 21. 

Th1s a11ows the hem ro11er:4 to accurately follow up the 

workpiece w and tQ be constant.ly ·pressed with a proper 
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press1ng force to achieve good hemm1~g. 

As shown 1n FIG. &, the spacer p1ate 28 may be replaced 

by a lack screw 29 wh1ch 1s adapted for daf1n1ng the 

1owarmost 11n1t· of d11p11cement (t11ch1ng 11v11 LT) of the 

1·11de block 23 1n the taachin~ procedure. Spec'1f1ca1 Ty, 

the s11de block 23 has an elongated groove i3e formed 1n ~he 

front surface on the left s 1de (es v1ewed 1n FIG. G ), an·d 

tha support bracket 21 has a threeded hole 2le for~ed 1n 

confronting relation to the e1ongated groove 23a. To lock 

tha s11de block 23. the Jock screw 2a 1s screwed 1n the 

threaded hole 21e until its·t1p is engaged in the a1ongated 

groove 23e. 

FIGS. 7 and B show·a third embodiment of the present 

1nvant1on. In this embodiment, •hydraulic servo· system ~s 

employed for contro111ng the posit1~n of the hem roller 4. 

Like perts are g1ven 11ke reference numbers and the1r 

dascr1pt1on w111 not be repeated. 

As· shown 1n FIG. 7. a supp.ort bracket 3i 1nc1 udes 1 

daub1e-act1ng hydraulic cy11ndir section 32 contro11ed by a 

hy~rau11c control c1~cu1t shown in FIG. 8. The s~pp~rt 
. . 

1 · bracket 31 has a s11de. ho1e 3la of a square cross sect1on. 

as w1th the first and second embodiments. A cylinder bore 

3l b 1s coax1a11y formed from the bo~tom·s~rface of the s11de 

hole 3la, and atso a through ~ole 31c 1s coaxially formed 

from the bottom of the cylinder bore 31b and 1s opened to 
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the upper surface of th• support brack1t 31. A stopper · 

p1ate 31f 11 secured to th• open1ng of th• a11de hole 31a or 
·-·.· 

th• lowermost •nd of the support breck1t 31 so as ~o project 

therafro11. 
': 

The cy11nd1r bore 31b h11 .~ pa1r of hydr1u11c ports 31d 

and 31• ax1al1Y spaced from each othar and connected ta a · 

h1~rau11c pump through respecttve hYdr1ulf~ hoses. A piston 

shaft 33 1s s11dably inserted 1n the cylinder bore 31b thus 

constructed. The piston shaft 33 has substant1a11y 1n the 

central port1ori of the 1ength thereof· a p1stbn 33a 

1ntagrally formed therewith, an~ a s1al ~1ng 34 1s provided . 

around the piston 33a. The hydraulic ports 31d an~ 31e.are 

opened to the cy11nder bore 31b at pos1t1ons above and b.elow 

the piston 33at raspact1vely, so that supply and exhaust of 

011 through.the hydrau11c ports 31d and 31e causes the 

piston shaft 33 to be d1sp11ced· up and down. 

The uppa~·end of the p1ston shaft 33 projects through 

the through hole 31c upwardly beyond the upper surface of 

the support bracket 31 and 1s· connected to a 11naar encoder 

35 used for position detection. .A seal rfng 36 1s provided . 
between the upper end of the p~ston shaft 33 and the through 

hole 3lc so as ta ma1nta1n the c~11ndar bore 31b 1n an o11-

t1ght manner. The lower portion of the piston shaft 33 
projects dewnwardl~ 1nto the slide.hole 3la, and is 

connected to a s11de b1ock 37 through a threaded portion 33b 
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provid•d at th• 1owermost end of th• piston shaft 33. 

The hydrau11c cy11nd1r section ~2 thus ~onstr~ct1d is 

actuated to vertically move the s11de block 37 and thereby 
I 

to displace the pos1t1on thereof with respect to the support . . . 

bracket 31, which pos1t1on of the s11da block 37 1s detected 

by the 11near •ncodar 35. The s11de block 37 and the hem 

roller 4 supported thereby are formed s1m11ar1y to the 

corresponding parts of the f 1rst embodiment. 

The hem ro11ar support of the third embod1ment 1s.thus 

co.nstructed, and the hydraul 1c cy11ndar section 32 1s 

actuated to rec1procat1ngly move the slide .block 37 and 

consequently the hem roller 4 between the bottom o~ the 

slfde hole 311. and the stopper plate 3lf, and the·p~s1t1on 

of tha hem :ro11er 4 can be constantly contro11ad through the 

11near encoder 35 by ~he hydrau11c control c1rcu1t·shown in. 

FIG. 8. 

Now, the descr1pt1on w111 ba related to the hydrau11c 

contro1 c~rcuit for·the hydraulic cylinder section 32 w1th 

reference to FIG. 8. 

The hydraulic ports 31d and 3le of the hydrau11c 

cyl 1nder· sect1on 32 are connected through hy.drau11c Hoses 41 
. . 

and 42 to the hydr~u11c servo vaJva 38 which 1s. 1n tu~n. 

connected through 1 hydrau1 ic hose 43 to ·a hydrau1 ic. pump · 

39. The hydra~lic servo valve 38 1s c~anged over~~ send 

· hydraulic p~essure generated by the hydraulic pump 39 to the 
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hydrau11c port 31d or 31e and th1reb~ to vart1ca11y 

rec1procate the p1stcn shaft 33 1n the cy11nder bore. 3lb. 

The 11n•e~ encoder 3! and the hydrau11c sarvo valve 38 
are electr1ca11y connected throug~ a servo emp11f1er 40 to 

an external control un1t 45 such as a sequencer. The 11near 
encoder 35 de~ects the pas1t1on of the hem roller 4, and 1n 

ac~Qrdence with the detected pos1t1on. the hydrau11c servo 
valve 38 1~ changed over to adjust the pos1t1on of the ham 

roller 4. 

The hydrau11c servo valve 38 hes a return port 44 

adapted far returning 011 .exhausted from. the hydrau11c 

c~11ndar sect1on 32 ta a tank 46. A hydraulic meter 39a for 

the hydrau11c pum~ 39 1s provi~ed. 

The. hem ro11er support thus constr~cted 1s operated 

s1m11ar1y to the p~teed1ng embodi~ents. 

· In the taach1ng operation ~a the robot hand 2. the 
external control un1t 45 1s operated to change qver the 

h~draulic servo va1ve 38 to move the.slide block 37 upwardly 

(as ~1ewed 1n FIG. 7) by a prad.1ter111ned d1stanca from the 

lowermost position of the s11~a block 37 (pos1t1on in 

· • abutment aga1nst the stopper plate 3lf.) so as to pos1t1on 

the ham ro11er 4 on the teaching leve1 LT, and 1n this 
cond1t1on, teachfng 1s carried o~t ~1m~1arly to the 

preced1ng embodi•ents. 

Durfng the hemming operation. the hem roller 4 1s 
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returned to the 1owermost pos1t1on from the t1ach1ng 11v1l 

LT to be pressed against the workp1"ec1 W. The difference 

between th• teaching leve1 L1 and th• h••m1ng ·11ve1 LH, or 

d1flact1on of the robot hand 2 when pressed can be absorbed 

by detecting the actual pos1t1on of tha he1 ro111r·4 by tha 

linear encoder 35. changing over the hydrau11c servo valve 

38 by the external control unit 45 1n accordance wfth the 
d~tect.ed pos1t1on and d1splac1ng the si 1de block 37 and 
consequant1y the ham rcllar 4 10 as to.be constantly held on 
~he hemming leval LH. Therefore, tha hem ~o11ar. 4 can 

constint1y follow up the workp1e~e w accuratal~ and b~ 

pressed with a proper pressing force ta assure good hemming 

at 111 t111e1. 

FIGS. g'and 10 show a f~urth embodiment of the pr-sent 

invention. This embodiment employs a notor servo system 1n 

place of the ~ydrau11c servo system of the third embodiment. 

L1k• parts are given 11ke referen~e numbers and tha~r 
descr1ptfon w111 not be repasted • 

. As shown in.FIG. 9. a servo ~Oto~ SD w1th:a rotary 
encoder 52 1s mounted on the upper surface of I support 

bracket 51. The motor 50 has an output shaft son which 1s 
eoax1•11y connected w1th a threaded· shaft 54a of a ball 

sc-rew 54 through a coupl 1ng 53. The .. threaded. shaft 541 1s 

projected 1nto a s11de ho1a 5la formed in the support 

bracket 51. 



A s11d• b1ock 55 has 1n th• uppar surface thereof a 

support ho1e 551 of 1 pred•t•rm1ned d1ametar, 1n which a nut 

!4b of the ba11 1cr1w !4 1s ax1a11y s11dab1y 1nsert1d. The 

support hole 55a has at the opening thartof an enlarged­

d1ameter engaging hole 85b of a predaterm1ned depth. The 
•, . 

engaging hole 55b 1s adapted fo~·rece1v1ng a flange portion 

54c of the nut 54b. A rata1nar 56 11 attached to the 

·open1ng of tha engag1ng hoia· 55b so as to ~revent the nut 

54b fro~ falling autt and a kay 57 1s provided for 

preventing rotat1on of the nut 54b w1th respect to the s11da 

b1ack 55. Thus, the nut 54b 11·111dable w1th1n the support 

hole SSa 1n tha range def1ned· by the range at movement of 

t~e fling.• port1on 54c batwae.n t.he bottoii of the engaging 

hole 55b and the reta1nar 56,. and therefore, ·the nut 54b is 

d1sp1aceab1e with resp•ct ta the slide b1ock 55 1n this 

range • 

. A load ce11 58 1s mounted between the lower end of the 

nut 54~ and the ~attom of the ~upport.ho1a 5Sa and 1s 

a1actr1caJ1y connected to ati axtarna1 control unit 60 
. . 

throu.gh a servo amp11f 1er 59 wh1ch w111 be mant 1oned 1 ater. .. . 

A stopper p1ate 61 1s attached ~o the opening o~ the 
I 

s11da hole 51a or the l'awernost and of the support bracket 

51 s1m1larly to tha th1rd embod1mant and 1s·adapted for 
' . 

defining tha lowa~most 11m~t of displa~eMent of the s~1de 

block 55 or preventing fn111ng out the~eof. The ham ro11er 
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4 1s supported by the slide b1ock 55 s1nilar1Y. to th• 

pracad1nv embod1nents. 

The s11de b1ock 55 suppar~1ng the hem roller 4 in thts 
. . 

way 1s s11~1ngly moved up or down for a predatarmjned 

distance by dT"1.v1ng the motor 50 pr1d1teJ1i11ned revolut1ons 

in the forward or reverse d1ract1on. The pos~t1on of ~We 

sl 1da block !55 end conseq.uent1~ the hill rol lar 4 c~n be 
. . 

detected through detact1on of the.number of revolutions of 

the motor 50 by the rotary encoder 52. The prass1ng force 

of the .. he11 roller 4. 1s detected by the lo~d cell sa; and tha 

number of revo1ut1ons of the.motor 50 1s controlled so that 

such a detected pressing force may be ·constantly he1d at a 
• I • • 

proper v~1ue and t~ereby t~e hem ro11er 4 m~y 'be heid on the 

hamming level LH. 

As shown 1n FIG. 10, the rotary encoder 52 and the load 
. . . 

ce11 58 are elactr1ca11y. co~~ected through the. servo 

amp11.f iar 59 .to the external contro1 un1t 60 such as a 
. . 

sequencer, w~11e the servo motor 50 1s connected to a motor 

driver 62 wh1ch fs also connected to the external cantra·1 

un1t 60. 

The ham roller support thus constructed 1s operated 

s1mila~1y to the preced1ng embodiments. . 

Spec1f1c111y. 1n te1ch1ng to the robot hand 2, the 

·motor 50 is dr1van predatermtned revo1ut1ons to d1splace the · 

s11de block 55 by a pradaterm1nad distance upwardly from the 
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low•rmost pos1t1on where it 11 1n abutment against the 

1topp•r plate 61, so that the hem roller 4 is pos1t1oned o~ 

th• teach1ng 11~11 LT~ In th1s cond1~'on, teaching 11 

carried out s1m11arly to the preceding embod1ments. At th.ts 

t1me, the nut 54b 1s qoved upwardly w1~h respect to the 

supp~rt hole 55e to a ·~os1t1on where the f1ange-port1on 54c 

1s 1n abutment ega1nst the retainer 56 • 

. During the praet1ca1 hemming operation,· the motor 50 1·s 

further dr1ven'pradeter•1ned revolutions to displace the 

sl fde b.lock 55 by the d1stanc;:a a upwardly from the t·each1ng 

1ave1 LT, so tha~ tha hem ro11er·4 may be d1sp1aced to "tna 

hemming ieval LH. 

In th1s con~1t1on, the he1 roller 4 is rotated under 

pressure against the bent portion of th• workpiece W to 

ach1ava hemm1ng. If tha robot hand 2 1s deflected out of 

tha teac~1ng level LT, the ha• roller 4 1s also d1spl1ced 

from. the he111111ng 1eval LH, which may results 1n 1nsuff 1c1ent 

pressing force· of the ham roller 4. In such a case, the 

motor 50 1s rotated, unt11 the load ce11 SS detects a 

predet~rm1ned pre~s1ng.force, so ·as to d1sp1ace the hem 

roller 4 to the hemming 1ava1 LH. The def1ect1~n. of the 

robot hand 2 1s absorbed.1n ~h1s way, and thus the hem 

roller 4 1s constantly he1d on .the he~m1ng level LH to 

achieve good hemming. 

What .11 essential to tha present 1nvant1on is thlt the 
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hem ro11er 4 1s d1sp1acaab1a ~1th respe~t to the rob~t hand 

2, th• pos1t1~n of th• hen ra11er 4 b~1ng ~ontro11ed by 

pos1t1on contro111ng means of the hem ~011ar support 3 and 

thereby teach1ng ta th• robot ~and 2 can.be rea~11y carrfad 

out, and during the. hemming operation. the pos1t1on of ham 

roll•r 4 can bl constantly held ·o~ the hemm1ng lev~l LH to 

· ach1eve good hemm1ng at a11 t1mes. 

Thus, 1n the hamm1ng appaY"atus of the prnent 

1nventfon, as the hem roller 1s r~tated under a proper 

press1ng forca 1n an accurate traval1ng path ~long· the 

per1phara1 contour of a workp1ece. hemm1ng·c~n be always 

satfsf'actoT'tly carried out •. Irt add1t1on, teach1ng ta the 

robot hand can be read11y carried out 1n the present. 

1nvas:it1on. 

Wh11~ the 1nvent1on has been described w1th reference 
' . 

to preferred embod1nants thereof t 1t 1s to be understood 

that mod1f1cat1on~ or var1at1ons •ay be aas11y made w1t~out 

depert1ng from the scope of the presant·1nv~nt1an .wh1ch 1s 

def 1nad' by the appended cla1ms. 
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WHAT JS CLAIMED JS: 

1. A ro11ar type 11a11m1·ng apparatus for hemming a 
. . 

workp1eca hav1n~ a per1phera1 bent portion, compr1s1ng: 

a_hem roller rotated under pressure along. the bent 

portion of the wor~p1ecei 

a ham ~o11er support edapt1d for d1splaceably 

support1ng said hem ro11ar; ~nd 
"' a robot .ha11d adapted for sh1ft1.ng· said hem roller 
. . 

through ·sai'd him ro11er support while pressing sa1d hem 

roller on the bent portion of the' workp1ace. 

2. Tha roller type hamm1ng apparatus as deffned tn 

c1a1m 1 wh•re1n sa1d hem ro11ar support compr1ses: 

. a ·support bracket mounted on the for~ard end of sa1d 

robot han~~ said support bracket having an axial cY11ndr1ca1 

hale extending tharethrough in a d1rect"fon as to press ·sa1d 

ham roller; 

a s11de block sl1dab1y supported by said support 

bracket, sa1d slide block having a support 1ug on the iower 

·and thereof .fer mounting sa1d hem roller; 

·i spring pos1t1onad between .said s11de block and said 

support bracket for urging sa1d slide block 1n· the hem 

ro11er·press1ng d1ract1on; 

• stopper.bolt secured to. the upper end of said s11d• 

b1ocl< for 11m1t1_ng the stroke end of ~a1d s11da block . . . 

against the force of said spring. sa1d stopper bolt 
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extending through the ax1a1 ho1e of said support bracket 

w1th 1ts head proJ•c·t 1_ng. outward-ly from· said support 

bracket; and 

a spacer plate pas1t1oned between the head.of said 

stopper bo1t and the upper ·surfa~e of $810 support bracket 

for d1sp1ac1ng the stroke end of said s11de b1ock. 

3. The ro11er ·type hem1111ng· 1pp•ratu1 as defined f·n 

cla1m 1 wherein sa1d hen Y'D11ar support campr1sas:· 

a support bracket mounted on the forward end of sa1d 
robot :hand. sa1d support bracket having en ax1a1 cy11ndr1cal 

hole eKtend1ng therethrough 1n a direction as to press sa1d 

ham r~ 11 er; ·. 

a slide t:?lock s11dab1y supported by sa1d support 

bracket, said s11da block having a support 1ug an the lower 

and ther~of for mount 1ng s·a 1d hani ro11er; 

s1ng1e-acting hydraulic cylinder means'prov1ded batwaen 

sa~d s11de b1ock a~d sa1d support bracket for sh1ft1ng sa1d 
. ' 

s11de block 1n the hem ror1er prass1ng d1rect1on; 

a stopper bolt ~ecured to the upper end of said s11de 

b1ock for 11mittng the stroke end of sa1~ s11de block, ~a1d 

stopper bolt extend1ng through the axta1 hole of sa1d 

support bracket whh 1ts· ·.head project1ng outwardly from sa1d 

support bracket; and 

e spacer· plate pas1t1oned between the head of sa~d 

stopper bolt and the upper surface of H.1d support bracket 
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for d1sp1ac1ng the stroke end of sa1d sl1de b1ock. 

4. The ro11er type hemm1ng apparatus as def1ned 1n 

·c1a1~ 1 where1n satd h•m ro11er support compr1~esz 

a support b~acket mounted on the forward end·of sa1d 

· robot hand~ 

a slide block s11deb1y supported by sa1d support 

bracket, sa1d s11d• b1ock hav1ng a suppo~t lug on the 1ow~r . 

and thereof ror mounting sa1d hem roller; 

double-acting hyqrau11.c cylinder. me~ns ~rov1dad 1n la1d 

support bracket for s11deb11 mov1ng said s11de b1ock, sa1d 

hydraulic cy11nder means 1nc1ud1ng a p1ston. ~haft;· 

a 11near encoder for detecting the postt1on of said 

s11de block by detecting the stroke amount of said piston 

shaft of sa1d hYd~au11c cy11nder means; and 

control means.for contro111ng the operation ~f sa1d 

hydraulic cy11nde~ mea"s based on the position ~f sa1d s11de 

block detected by 111d 11neaT ancodar. 

5. The rollar· type he11m1ng apparatus as def1ned ·1n 

c1a1m 1 wherein sa1d hem roller support comprises~ 

a support bracket ~ountad on the forwar~.end .of sa1d 

robot hand; 

·a serYo motor mounted on sa1d support bracket and 

hav1ng an output shaft; 

a bali screw mounted on the output shaft of sa1d servo 

motor and.having a threaded.shaft and a nut; 
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a s11d• block oparativ•1Y cannect1d to said nut of sa1d 

b11fsc"rew for s11d,ng 11ove111ent 1n a predetar111ned range ancl 
. . 

supported by sa1d auppol't bracket for. s._l 1d1ng .~ovement by 

operation of ia1d servo motor, sa1d ·s~1de block hav1~g a 

support lug on the lower end thereof for mounting said hem 

ro11er; 
. . 

1 1aad cell pos1t1oned between sa1d s11de block and 

sa1d nut of said ba11. screw for measur1ng load appl 1ed to 

said nut; 

d rotary encoder for detecting the pos1t1on ~f said 

s11de b1ock'by detectjng the·number df revolutions of s~1d 

servo motor; and 

con~rol means for controlling ~he operation of sa~d . . 
servo motor based on the pos1t1on of se1d sl1de' block . . 
detect~d by' said rotary encoder and the load applied to said 

nut and measu.red by said 1.aad ce11. 

2 B 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* C L M S * 


