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Izdelava in optimizacija nove tehnologije

varjenja pedala za avtomobilsko zavoro

Development nad Optimisation of a New Technology for Welding
the Brake Pedal of a Motor Vehicle

Janez Tusek - Miro Uran - Miran Jonke

V prispevku sta predstavljeni izdelava in optimizacija nove tehnologije varjenja pedala za
avtomobilsko zavoro, ki temelji na elektrouporovnem bradavicnem in tockovnem varjenju. Opisani so problemi
do sedaj uporabljenega oblocnega varjenja in razlogi za zamenjavo tehnologije. Za novo tehnologijo je bila
izdelana vpenjalna priprava za hkratno vpetje telesa pedala, stopalke in naslona stikala. Optimizirani so
bili parametri za bradavicno varjenje stopalke na telo pedala, bradavicno varjenje dela naslona na telo
pedala in tockovno uporovno varjenje drugega dela naslona na telo pedala. Izveden je bil ekonomski
izracun, ki je pokazal, da je bila zamenjava tehnologije ekonomsko potrebna, saj se z novo tehnologijo
poenostavi proizvodnja zavornega pedala za osebni avtomobil.
© 2001 Strojniski vestnik. Vse pravice pridrzane.

(Kljucne besede: varjenje tockovno, varjenje bradavi¢no, zavore avtomobilske, pedali, varjenje oblocno)

We have developed and optimised a new technology for welding the brake pedal of a motor vehicle
that is based on resistance-projection and spot-welding processes. We describe the problems encountered
when using arc welding and the reasons for substituting the technology. To apply the new technology we
constructed a fixture for the simultaneous clamping of a pedal body, a foot treadle and a stop-switch rest. We
then optimised the parameters for the projection welding of the foot treadle to the pedal body and the stop-
switch rest to the pedal body, we also optimised the resistance spot welding of the other part of the rest to the
pedal body. Our costing of the process showed that the substitution of the technology was economically

Justified since the new technology simplified the manufacture of the motor-vehicle brake pedal.
© 2001 Journal of Mechanical Engineering. All rights reserved.
(Keywords: resistance spot welding, resistance projection welding, vehicle brakes, brake pedals, arc welding)

0 UVOD

Izdelava, uvajanje in optimatizacija novih
izdelovalnih tehnologij so najintenzivnejSe in tudi
najzahtevnejse prav v avtomobilski industriji. Med vsemi
izdelovalnimi tehnologijami v celotni avtomobilski
proizvodnyji je varilska tehnologija prav gotovo tista, ki
je najpomembnejsa. Izboljsave njenih uporab in
optimatizacija potekajo v ve¢ smereh. Pomembuni sta dve.
Prvaje uvajanje avtomatiziranih in robotiziranih trakov
za izbran varilni postopek oziroma tehnologijo, ki sta
integrirana v celotnem sistemu in vodena ter nadzirana
iz enega mesta. Druga, prav tako zelo pomembna pa je
optimalna izbira varilnega postopka in v okviru tega
optimatizacija samega varilnega procesa.

V nasem primeru bomo prikazali zamenjavo
obloc¢ne tehnike varjenja s tanko Zico (varjenje MAG)
zavornega pedala z elektrouporovno tehniko brez
dodajnega materiala. Predstavljena bo izdelava
tehnologije za elektrouporovno bradavi¢no varjenje
stopalke na telo zavornega pedala in uporovno
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0 INTRODUCTION

Introducing, developing and then
optimising new production technologies are some
of the main challenges in the automotive industry.
Among the production technologies used in the
automotive industry, welding technology is certainly
one of the most important. Its applications are
spreading and its optimisation is proceeding in sev-
eral directions. Two of these directions are impor-
tant. The first direction is the introduction of auto-
mated and robotised lines for a selected welding
process, which is then integrated into the system
and controlled from a single location. The second
direction is choosing the best welding process and
then optimising it.

In our case we have substituted resistance
welding without a filler material for arc welding with a
thin wire, i.e. MAG welding. We will describe the
development of the technology of projection weld-
ing the foot treadle to the brake-pedal body and re-
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tockovna ter uporno bradavi¢no varjenje naslona
stikala prav tako na telo zavornega pedala.

Zavorni pedal oziroma pedalni sklop je z
varnostnega vidika eden najpomembnejSih delov
vsakega motornega vozila. Glede na to morajo biti
tudi izbrani materiali za pedal, tehnologija izdelave,
vkljuc¢no z varjenjem in nadzorom po varjenju, zelo
kakovostni in izvedeni v skladu z najstrozjimi
varnostnimi predpisi. To pomeni, da morajo biti zvari,
ki bi s porusitvijo povzrocili nevarnost za poskodbe
potnikov v avtomobilu ali drugac¢no gmotno skodo,
oznaceni kot varnostni zvari. Za te vare morajo biti
varilni parametri med varjenjem nadzorovani,
zapisovani pri vsakem varu in pri vsakem kosu ter po
varjenju shranjeni e 15 let po izdelavi oziroma po
prodaji avtomobila naro¢niku. Po varjenju mora biti
na zvarih in zvarnih spojih izvedeno preverjanje
kakovosti spoja po zahtevah veljavnih standardov
ali pa po navodilih naroc¢nika.

1 OPISPROBLEMA

Ze vuvodu smo zapisali, da je pedalni sklop iz
varnostnih in upravljalskih vidikov eden pomembnejsih
delov vsakega avtomobila. V pedalni sklop, ki je z
notranje strani privit na sprednjo steno avtomobila,
spadata pedal sklopke in zavorni pedal. Pedal za plin je
poseben sklop, ki ne spada v pedalni sklop.

V tem prispevku bo predstavljena nova
tehnologija zvarjanja stopalke in naslona stikala na
telo zavornega pedala. Zavorni pedal je z vsemi deli in
z dolzino oblo¢no zvarjenih zvarov prikazan na sliki 1.

2 X 6 mm zvara
2 x 6 mm welds

Stopalka 2 x 30 mm
zvara

Foot treadle 2 x 30 mm
welds

sistance spot welding and resistance projection weld-
ing of the stop-switch rest to the brake pedal.

In terms of safety, the brake pedal, i.e. the
pedal assembly, is one of the most important ele-
ments in any motor vehicle. Consequently, the mate-
rials selected for the pedal and the production tech-
nology including the welding and control after weld-
ing should be of high quality and in accordance with
the most stringent safety regulations. Furthermore,
welds that could fail and produce serious injuries to
car passengers or any other material damage should
be marked as safety welds. The welding parameters
of such welds should be controlled and registered,
with each weld and workpiece stored for a period of
15 years after production, i.e. after the sale of the car.
After welding, the welds and welded joints should
be subjected to quality control in accordance with
the relevant standards or the manufacturer’s instruc-
tions.

1 THE PROBLEM TO BE ADDRESSED

The pedal assembly is one of the most im-
portant elements of every motor vehicle. It is mounted
to the front car wall from the inside and consists of a
clutch pedal and a brake pedal. The gas pedal is a
separate assembly that is not part of the pedal as-
sembly.

This paper describes a new technology for
welding the foot treadle and the stop-switch rest to
the brake body. The brake pedal with its elements
and the arc welds are shown in Fig. 1.

esto
Hub

Telo pedala zavore
Brake-pedal body

Naslon stikala
Stop-swich rest

2 x 10 mm zvara
2 x 10 mm welds

Sl. 1. Zavorni pedal sestavljajo telo pedala, stopalka, naslon stikala zavorne luci in pesto
Fig. 1. Brake pedal consisting of a pedal body, a foot treadle, a stop-switch rest, and a hub
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Telo zavornega pedala je izdelano iz 6 mm
debele jeklene plocevine. Na telo se po sedanji
tehnologiji privarita po postopku MAG stopalka in
naslon stikala. Kljub temu da je oblo¢no varjenje
robotizirano, je celoten postopek zamuden,
negospodaren in kakovost zvara pogosto vprasljiva
ali celo nezanesljiva.

Vse to so bili razlogi, da smo se odlo¢ili za
zamenjavo sedanje tehnologije z novo, ki bo
odpravila pomanjkljivosti oblo¢nega varjenja s
taljivo elektrodo.

2 OPIS SEDANJE TEHNOLOGIJE

Pri sedanji tehnologiji najprej z orodji za
preoblikovanje (Stancanje) in s stiskalnicami izdelamo
telo pedala, stopalko in naslon stikala ter na
obdelovalnem avtomatu pesto iz cevi (sl. 1). Nato v
telo pedala vtisnemo pesto, za tem pa je na vrsti
najpomembnejs$a operacija, to je varjenje naslona
stikala stop in stopalke na telo pedala. Varjenje
izvajamo na robotski celici, ki sestoji iz Sestosnega
¢lenkastega robota Motoman K 10S, pozicionirne
naprave, komandnega pulta, elektricne omare, vira
varilnega toka Fronius Transarc 450, pnevmatskega
Cistilnika varilne pistole, zaS¢itne ograje in svetlobne
zavese.

Varilne priprave za vpetje varjencev so
pritrjene na dveh varilnih paletah (vsaka na eni strani
mize H). Na vsaki paleti sta po dve gnezdi za varjenje
naslona stikala zavorne lu¢i in dve gnezdi za varjenje
stopalke na telo pedala. Silo vpenjanja dobimo prek
pnevmatskega sistema. Delavec najprej vlozi v prvo
gnezdo telo zavornega pedala in nato $e naslon
stikala. V drugo gnezdo pa vlozi stopalko in nanjo
namesti telo pedala z Ze zavarjenim naslonom.
Pozicioniranje telesa pedala se izvede prek
nakrcenega pesta. Nato delavec vklopi vpenjanje
varjencev in pritisne gumb za obracanje mize. Po
obracanju mize se pri¢ne robotsko varjenje. Ko ro-
bot konca varjenje, se pozicionirnik obrne, robot
pricne variti na drugi paleti, na prvi pa se varjenci
avtomati¢no izpnejo, delavec vzame pedal z zvarjeno
stopalko iz drugega gnezda in ga odlozi v zaboj,
tako se postopek ponavlja.

Iz povedanega lahko ponovno
ugotovimo, da je celoten postopek izdelave
zavornega pedala z oblo¢nim varjenjem drag, da
je v proces vkljuena draga oprema, da se med
varjenjem porabljata [1] zascCitni plin in dodajni
material, da so zaradi sevanja obloka in brizganja
taline obremenjeni delavci in okolica. Odlo¢ilno
vlogo pri odlo¢itvi o zamenjavi tehnologije pa je
imela kakovost zvarnih spojev. Zaradi razmeroma
velikih toleranc izmer polizdelkov (telo pedala,
stopalke, naslon stikala) je namre¢ lega vara zelo
razli¢na, ker zvarni stik med stopalko in telesom
pedala ter naslonom in telesom zaradi odstopanja
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The brake-pedal body is made of a 6-mm-
thick steel plate. The current technology involves
MAG welding the foot treadle and the stop-switch
rest to the pedal body. Although the arc-welding pro-
cess used is robotised, the whole procedure is time
consuming and uneconomic, and the weld quality is
often questionable or unreliable.

For these reasons we decided to substitute
a new technology for the old one and, consequently,
eliminate the weak points of arc welding by using a
consumable electrode.

2 DESCRIPTION OF THE CURRENT TECHNOLOGY

With the current technology, first the pedal
body, the foot treadle, and the stop-switch rest are
made by forming, i.e. stamping and pressing, whereas
the hub is made from a tube by automatic machining
(Fig. 1). The hub is then inserted into the pedal body.
Finally, the most important operation, i.e. welding of
the stop-switch rest and the foot treadle to the pedal
body, takes place. The weld is made in a robotic cell
consisting of a Motoman K 108 six-axis articulated-
arm robot, a positioner, a control panel, an electric
cabinet, a Fronius Transarc 450 welding current
supply, a pneumatic cleaning device for the welding
gun, a protective fence, and a light curtain.

Welding jigs for the workpieces are mounted
on two welding pallets, one at each side of an H table.
At each pallet there are two clusters for welding the
stop-switch rest and two for welding the foot treadle
to the pedal body. The clamping force is supplied
through a pneumatic system. A worker first places the
brake-pedal body and then the stop-switch rest in the
first cluster. In the second cluster, he then places the
foot treadle and the pedal body with the rest already
welded to it. The pedal-body positioning is accom-
plished with a shrink hub. Then the worker switches
on the clamping of the workpieces and the table-turn-
ing. After the table is turned the robotic welding starts.
When the robot stops welding, the positioner turns,
and the robot starts welding at the other pallet. At the
first pallet the workpieces are automatically removed.
The worker takes the pedal with the foot-treadle welded
to it from the second cluster and puts it to one side in
a case. The whole procedure is then repeated.

The above description suggests that the
manufacturing of the brake pedal by arc welding is
quite expensive; it requires costly equipment as well
as a shielding gas and a filler material that are con-
sumed during welding [1]. In addition, the workers
and the environment are at risk from arc radiation and
molten-pool spatter. A key role in the technology
substitution is played by the weld quality. Because
of the comparatively high tolerances and the size of
the semi-products, i.e. the pedal body, the foot
treadle, and the stop-switch rest, the position of the
weld varies considerably, which means that the weld
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izmer ni vedno na natan¢no istem mestu. To pa je
razlog, da je en varjenec slabo prevarjen drugi pa
premocno ali nasprotno.

3 ELEKTROUPOROVNO VARJENJE ZAVORNEGA
PEDALA

Pri iskanju reSitev za vecjo produktivnost
varjenja in doseganje boljSe kakovosti zvarnih spojev
smo proucili ve¢ razlicnih moznosti. Za povecanje
produktivnosti smo raziskali uporabo vec¢ razlicnih
oblo¢nih zelo produktivnih postopkov, ki omogocajo
varjenje z razmeroma velikimi hitrostmi.

Slaba stran vseh teh postopkov je v velikem
vnosu energije v varjenec in zato nastanek deformacij
varjencev, stroski zaradi zasCitnega plina in dodajnega
materiala ter slab izkoristek oblo¢ne energije in dodajnega
materiala zaradi brizganja. Ve¢jih hitrosti varjenja pa zaradi
zapletenih oblik spojev in zahtevnih trajektorij robotskega
varilnega gorilnika ni bilo mogoce uporabiti.

Za doseganje boljse kakovosti zvarnega
spoja smo raziskali moznosti za uporabo zaznaval za
sledenje varilnega gorilnika po zvarnem stiku in ob
morebitni napaki popravek njihovega obnasanja.
Tudi za to izvedbo je poznana cela vrsta bolj ali manj
natan¢nih naprav. Vsem pa je skupno to, da jim z
zanesljivostjo delovanja cena moéno naraste, pri
Cemer se pojavi vprasanje gospodarnosti.

Analiza rezultatov zgoraj omenjenih raziskav
je pokazala, da je dale¢ najboljsa resitev zamenjava
celotne tehnologije wvarjenja in uvedba
elektrouporovnega namesto oblo¢nega varjenja
MAG (sl. 2).

joint is not always found at the same location due to
the inaccurate dimensions of the parts. This results
in too strong or too poor penetration.

3 RESISTANCE WELDING OF THE BRAKE
PEDAL

Several alternatives were studied in order
to achieve higher productivity and a better weld
quality. To increase the productivity, several high-
productivity arc-welding processes that permit
comparatively high welding speeds were
considered.

A disadvantage of these processes is the
high energy input into the workpiece resulting in
workpiece strains, increased costs due to gas and
filler-material consumption and the low efficiency
of the arc energy and the filler material due to
spatter. Higher welding speeds, however, could not
be used because of the complex joint shapes and
the exacting trajectories of the welding torch of
the robot.

With regard to weld quality, we looked at
using sensors to track (and possibly correct) the
welding blowpipe along the joint. A number of sen-
sors with a range of accuracies are available, how-
ever, the necessary reliability comes at a high price,
which reduces the cost-effectiveness.

An analysis of the results obtained in
our studies indicates that the best solution is the
substitution of the new technology for the old
one and the introduction of resistance welding

(Fig. 2).

narebri¢ena stopalka
ribbed foot treadle

telo zavornega pedala
brake-pedal body

bradavi¢ni zvari
projection welds

MAG varjenje
MAG welding

uporovno bradavi¢no varjenje
projection welding

Sl. 2. Shematski prikaz zvarnega stika med stopalko in telesom zavornega pedala z oznakami za oblocno
(kotni zvar) in bradavicno varjen spoj
Fig. 2. Schematic representation of a weld joint between the foot treadle and the brake-pedal body with
markings for the arc (fillet) welded and projection welded joints
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3.1 Elektrouporno bradavicno varjenje stopalke na
telo zavornega pedala

Na sliki 2 sta shematsko prikazana nacin
spajanja zavornega pedala in stopalke. Stopalka ni
popolnoma ravna, ampak je valovito deformirana in na
ta nacin mehansko ojacena oziroma se tako poveca njena
togost. Prav valovitost stopalke v veliki meri onemogoca
izdelavo kakovostnega kotnega zvara po talilnem
oblo¢nem postopku. Na desni strani iste slike lahko
vidimo, da rebra na valoviti stopalki pomenijo bradavice,
ki omogocajo uvedbo uporovnega bradavi¢nega
varjenja brez dodatnih operacij in stroskov.

Uporovno bradavi¢no varjenje je mogoce
izvesti na stroju s posebno izdelano vpenjalno
pripravo, ki je shematsko prikazana na sliki 3.

1

3.1 Resistance projection welding of the foot treadle
to the brake-pedal body

Figure 2 schematically shows the joining of
the brake-pedal body and the foot treadle. The foot
treadle is wavy rather than completely flat, which
makes it stiffer. And it is this waviness of the foot
treadle that makes the production of a quality fillet
weld by arc welding almost impossible. The right
sketch in Figure 2 shows ribs in the wavy foot treadle
which may be considered as projections permitting
the introduction of projection welding without any
additional operations and costs.

Resistance projection welding is possible
with a machine having a special fixture as shown
schematically in Fig. 3.

Sl. 3. Shematski prikaz priprave za uporno bradavicno varjenje telesa zavornega pedala s stopalko
1 - zgornji del varilne priprave; 2 - zgornja elektroda za dovod toka; 3 - spodnja elektroda z lezis¢em za
stopalko; 4 - spodnji del varilne priprave; 5 - izolacija; 6 - stopalka; 7 - telo pedala; 8 - pozicioniranje in
vpetje na pesto
Fig. 3. Schematic representation of a fixture for resistance projection welding of the brake-pedal body and
the foot treadle
1 - upper part of the welding fixture; 2 - upper electrode for current supply; 3 - lower electrode with a bed

for the foot treadle; 4 - lower part of the welding fixture; 5 - insulation; 6 - foot treadle; 7 - pedal body, 8 -

positioning and fixing to the hub

Glede na velikost stiénih ploskev ali
bradavic potrebujemo varilni stroj z minimalno
mocjo 300k VA ([2] in [3]). Ena vecjih tezav, ki se
pri tem pojavi, je, kako po ¢im krajsi poti s ¢im
manj$o upornostjo dovesti zelo visoko jakost toka
na telo pedala. Dovod toka na stopalko je dokaj
preprost, saj ga izvedemo prek vpenjalne priprave
in lezisca.

Na sliki 3 je shematsko prikazana
optimalna resitev za dovod toka na stranski ploskvi
telesa pedala. Glede na to, da je povrSina oziroma
prerez zvara 108 mm?, mora biti povrsina stika med
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With regard to the size of the contact sur-
faces, i.e. projections, a welding machine with a mini-
mum power of 300 kVA is required ([2] and [3]). One of
major difficulties is how to supply a very high current
to the pedal body, while keeping the distance and the
resistance as small as possible. The current supply to
the foot treadle is comparatively simple since it is ac-
complished through the fixture and the bed.

Figure 3 schematically shows the best solu-
tion for current supply to the side faces of the pedal
body. As the cross-sectional area of the weld equals
108 mm?, the contact area between the workpieces
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varjencema in elektrodami petkrat vecja, to je 540
e,

Drugi pomembnejsi podatek je, da mora
varilni stroj zagotoviti zadosti veliko silo stiskanja
med varjencema in zadosti veliko hitrost stiskanja
bradavic med varjenjem [1]. Pri premajhni hitrosti
stiskanja se namre¢ lahko zgodi, da se bradavica
segreje do talisc¢a in da se pojavi brizganje taline zaradi
prevelike gostote toka v bradavici ali zaradi
prepocasnega stiskanja varjencev.

Telo pedala je pozicionirano vodoravno s
pozicionirnim trnom za pesto. Stopalka prosto lezi na
lezis¢u spodnje elektrode. S tem je omogocéeno
razmeroma veliko odstopanje lege stika med telesom
pedala in stopalko, kar pa Se vedno zagotavlja
izvedbo kakovostnega zvarnega spoja v dopustnih
mejah odstopanja. Prav v tem, v moznosti manj
natanc¢nih toleranc polizdelkov, pa je ena vecjih
prednosti uporabe bradavi¢nega varjenja v primerjavi
s talilnim oblo¢nim varjenjem MAG. Poleg tega pa so
tu Se druge prednosti, ki smo jih ze navedli v tocki 2.

3.2 Elektrouporovno tockovno varjenje naslona
stikala zavorne luci

Naloga naslona stikala zavorne lu¢i je, da
vklaplja in izklaplja Iu¢ na zadnjem delu avtomobila,
ki opozarja udelezence v prometu, da voznik
avtomobila pred njim zavira.

Naslon stikala mora biti izdelan iz
kakovostnega jekla in dobro privarjen na telo
zavornega pedala ([4] in [5]). Na sliki 4 je shematsko
prikazan naslon stikala. Kakor je razvidno s slik 1 in4,
je treba po “stari” tehnologiji izdelati dva 6 mm dolga
zvara in dva 10 mm dolga zvara v razli¢nih legah. Pri
varjenju kratkih varov pomenijo velik strosek vmesni
¢asi med varjenjem posameznih varkov, Se posebej,
Ce se varjenje izvaja z varilnim robotom.

and the electrodes should be five times that of the
cross-sectional area, i.e. 540 mm?2.

It is also important that the welding machine
should provide a sufficiently high contact force be-
tween the workpieces and a sufficiently high rate of
projection pressing during welding [1]. If the rate of
pressing is too low projection can heat up to the melt-
ing point and spatter occurs due to the current den-
sity being too high in the projection or due to the rate
of pressing the workpieces together being too slow.

The pedal body is horizontally positioned
by means of a hub mandrel. The foot treadle lies
freely in the bed of the lower electrode. This permits
a comparatively large mismatch between the pedal
body and the foot treadle, but still ensures a good
quality welded joint within the allowable limits. This
possibility of using semi-products that have less
accurate tolerances is one of the greatest advan-
tages of projection welding in comparison to MAG
welding. Other advantages were mentioned in sec-
tion 3.

3.2 Resistance spot welding of the stop-switch rest

The purpose of the stop-switch rest is to
switch the light at the rear of the car on and off to
warn other road users that a driver is applying the
brake.

The stop-switch rest should be made of a
high-quality steel and correctly welded to the brake-
pedal body ([4] and [5]), see Fig. 4. From Figures 1
and 4 we can see that the old technology requires
two welds that are 6 mm long and two welds that are
10 mm long in different positions. For the shorter
welds the cost is increased because of the intervals
between the welding of the individual weld beads,
particularly if the welding is robotised.

| 42 |
| |
—— T ]
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25
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Sl. 4. Shematski prikaz naslonjala stikala zavorne luci z eno bradavico
Fig. 4. Schematic representation of the stop-switch rest with a single projection
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Z novo tehnologijo bomo naslon stikala
privarili na telo pedala z dvema zvarnima tockama.
Eno bomo zvarili uporovno bradavi¢no z vnaprej
izdelano bradavico in eno to¢kovno uporovno s
primerno oblikovanima elektrodama. Obeh zvarnih
spojev ni mogoce izdelati bradavi¢no, ¢eprav bi bilo
to iz vec vidikov zelo ugodno.

Izdelava bradavic v celotnem izdelovalnem
postopku ne pomeni prakticno nobenega stroska.
Prednosti bradavi¢nega varjenja v primerjavi z
uporovnim tockovnim pa je splosno znana in je
vecCkratna (lazje pozicioniranje, manjsa obraba
elektrod, lepsi videz vara, vnaprej doloceno mesto
vara, ni brusenja elektrod).

Po izbiri tehnologije varjenja naslona na telo
pedala je treba izdelati vpenjalno pripravo, ki bi
omogocila vpetje obeh varjencev in bradaviéno ter
tockovno zvarjanje. Nasliki 5 je shematsko prikazana
naprava, ki omogoca izvedbo zgoraj opisane
tehnologije.

3.3 Hkratno varjenje stopalke in naslona stikala
zavorne luci na telo pedala

S celovito analizo vseh treh uporovno
zvarjenih spojev stopalke in naslona stikala na telo
zavornega pedala ter s Studijem obeh priprav za vpetje
varjencev smo prisli do sklepov, da je mogoce privariti
oba elementa na zavorni pedal pri enem samem vpetju
v eno samo vpenjalno napravo na enem stroju s tremi
lo¢enimi viri toka za tri vare.

Na sliki 6 je prikazana varilna naprava s
sklopom za pozicioniranje in vpetje pedala na
nakrceno pesto. Slika prikazuje tudi osnovno plosco
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The new technology requires only two spot
welds between the stop-switch rest and the pedal
body. One spot weld will be made by projection weld-
ing with a projection provided in advance and the
other one by spot welding using suitably shaped
electrodes. It is not possible to make both welded
joints by projection welding although this would be
very favourable from several viewpoints.

Making the projections costs almost nothing
in terms of the entire production process. The advan-
tages of projection welding are multiple and well known,
i.e. positioning is easier to accomplish, the electrodes
are subjected to less wear, the weld has a nicer appear-
ance, the weld position is determined in advance, and
there is no grinding of the electrodes required.

After the technology for welding the stop-
switch rest to the pedal body was selected, it was
necessary to construct a fixture for the two
workpieces and the projection as well as the spot
welding. Figure 5 schematically shows such a fixture.

3.3 Simultaneous welding of the foot treadle and the
stop-switch rest to the pedal body

A thorough analysis of the three resistance
welded joints of the foot treadle and the stop-switch
rest to the pedal body shows that it is possible to
weld the two components to the brake-pedal body
by fixing them only once in a single fixture at a single
machine using three separate current sources for the
three welds.

Figure 6 shows the welding device with the
assembly for positioning and fixing of the pedal to
the shrink hub. It also shows the base plate with the

3
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Sl. 5. Shematski prikaz vpenjalne priprave za vpetje telesa pedala in naslona stikala zavorne luci ter lega
obeh parov elektrod za bradavicno in tockovno varjenje
1 - zgornja elektroda za bradavicno varjenje naslona; 2 - pozicioniranje in vpetje pedala; 3 - izolacija; 4 -
zgornji del priprave; 5 - varilne klesce za tockovno varjenje naslona; 6 - spodnji del priprave; 7 - spodnja
elektroda za bradavicno varjenje naslona
Fig. 5. Schematic representation of the fixture for fixing the pedal body and the stop-switch rest and
position of both pairs of electrodes, that is for projection and spot welding
1 - upper electrode for projection welding of the rest; 2 - positioning and fixing of the pedal; 3 - insula-
tion; 4 - upper part of the fixture,; 5 - welding pliers for spot welding of the rest; 6 - lower part of the
fixture; 7 - lower electrode for projection welding of the rest
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Sl. 6. Prostorski prikaz naprave za privarjanje stopalke in naslona stikala zavorne luci na telo pedala
1 - pozicioniranje naslona; 2 - vodilo naslona; 3 - pozicionirni del; 4 - vodilo; 5 - spodnja miza; 6 -
pritrditev kles¢; 7 - klesce za varjenje naslona, 8 - naslon; 9 - telo zavornega pedala
Fig. 6. 3D representation of the device for welding of the foot treadle and the stop-switch rest to the pedal

body

1 - positioning of the rest,; 2 - guidance for the rest; 3 - positioning part; 4 - guidance; 5 - lower table; 6 -
fixing of pliers, 7 - pliers for welding the rest; 8 - rest; 9 - brake-pedal body

z vsemi elementi za vpetje vseh treh varjencev in
zvarjenje vseh treh zvarov. Dobro so vidni lega
zgomje elektrode s pritrdilno mizo za varjenje stopalke,
klesce za dovod toka na telo pedala skupaj s
horizontalno premi¢nimi sanmi in horizontalne klesce
za varjenje tockovnega zvara na naslonu.

4 ANALIZA UPOROVNO ZVARJENIH SPOJEV

Po izérpnem Studiju in iskanju optimalnih
resitev enotne izvedbe celotnega sistema (sl. 6) za
skoraj hkratno zvarjanje vseh treh zvarov smo
morali za vsak zvar ugotoviti optimalne parametre.
Za vse nacine elektrouporovnega varjenja so
najpomembnejsi parametri sila stiskanja obeh
varjencev med varjenjem, jakost toka in cas
varjenja. Vse tri parametre lahko prikazemo v
varilnem ciklusu.

4.1 Uporovno bradavi¢no zvarjene stopalke na telo
zavornega pedala

Pri ugotavljanju optimalnih varilnih
parametrov smo izvedli Stevilne prakti¢ne poskuse v
razumno Sirokem naboru parametrov. Merilo za
optimalne parametre so bili mehanska trdnost spoja,
nacin porusitve, analiza makro obrusa in vizualna
ocena poteka postopka med varjenjem.

Raziskave so pokazale, da je optimalna
jakost toka med 20 kA in 25 kA, optimalni Cas varjenja

elements for fixing the three workpieces and welding
the three welds. The position of the upper electrode
with a fixing table for welding the foot treadle, pliers
for current supply to the pedal body with a horizon-
tally moving sleigh and horizontal pliers for making a
spot weld at the rest are clearly shown.

4 ANALYSIS OF RESISTANCE WELDED JOINTS

After a thorough study and investigating the
best solutions for a uniform execution of the system
(see Fig. 6) for almost simultaneous welding of the three
welds, the optimum parameters for each weld had to be
found too. With all resistance welding processes the
most important parameters are the force of pressing the
two workpieces together during welding, the welding
current, and the welding time. These three parameters
can be shown in a welding cycle.

4.1 Stop-switch rest projection welded to the pedal
body

In order to find the optimum welding param-
eters, numerous practical experiments were made with a
reasonably large number of parameters. In terms of op-
timum parameters, the mechanical strength of the welded
joint, an analysis of a macro specimen, and a visual
assessment of the welding process were considered.

The study showed that the optimum cur-
rent intensity (/) ranged between 20 kA and 25 kA,
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Sl. 7. Porusitev bradavicno zvarjenega spoja stopalke in telesa zavornega pedala
1 - porusitev v osnovnem materialu
Fig. 7. Failure of projection welded joint between the foot treadle and the brake-pedal body
[ - failure in parent metal

med 9 in 11 periodami omreZnega toka ter optimalna
sila stiskanja varjencev 19 kN.

Na sliki 7 je prikazan posnetek porusitve
spoja med stopalko in telesom pedala. Ze iz samega
nacina porusitve lahko vidimo, da je trdnost spoja
dobra, saj je do porusitve pri§lo zunaj spoja v

do mocne deformacije stopalke.

Zanatan¢no ugotovitev velikosti prevaritve
bradavic in toplotno vplivane cone okoli njih smo
napravili makro obruse. Shematski prikaz makro
obrusa je prikazan na sliki 8.

4.2 Bradavic¢no in to¢kovno zvarjeni naslon stikala
zavorne ludi na telo pedala

Podobno kakor zgoraj smo tudi tu z
eksperimentalnimi rezultati ugotovili optimalne varilne
parametre. Za bradavi¢no zvarjanje znaSajo: /=5 do 8

— -

(3:\\

the optimum welding time (¢) between 9 and 11 peri-
ods of the mains current, and the optimum force of
pressing (F) was 19 kN.

Figure 7 shows a failure of the welded joint
between the foot treadle and the pedal body. The
mode of failure indicates that the strength of the joint
was good since the failure occurred outside the joint,
i.e. in the parent metal, and that prior to the failure, a
strong deformation of the foot treadle occurred.

In order to establish the penetration size of the
projections and the heat-affected zone next to them we
made macro specimens. An example is shown in Fig. 8.

4.2 Stop-switch rest projection and spot welded to
the pedal body

As with the previous example we again
looked for the optimum welding parameters. For pro-
jection welding the optimum parameters were: /=5 to

_;(\‘; - T
Plocevina 6 mm Zvarne lece Stopalka — narebri¢ena plocevina 2 mm
6 mm plate Weld nuggets ~ Ribbed foot treadle 2 mm sheet

Sl. 8. Shematski prikaz makro obrusa bradavicno zvarjenega spoja stopalke in telesa zavornega pedala
(1=249kA, t=11P=022s, F=190kN)
Fig. 8. Schematic representation of a macro specimen of the projection welded joint between the foot
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kA, t=6do 9 P, F=5kN. Optimalni vrednosti smo
dobili s trdnostno analizo spoja po varjenju in z oceno
poteka varjenja (brizganje). Za tockovno varjenje
naslona pa optimalni parametri znasajo: /= 6,5 do 8
kA,t=17do 19P in F=5kN.

Shematsko prikazan makro obrus
tockovno uporovno zvarjenega spoja naslona na
telo pedala pa lahko vidimo na sliki 9. S slike so
razvidni velikost zvarne lece, velikost toplotno
vplivane cone in vtis v naslonu zaradi pritiska
elektrode med varjenjem. Na debelejsi plocevini,
na telesu pedala, pa vtiska ne opazimo, ker je premer
elektrode vecji in je s tem specifi¢ni pritisk na
plocevini manjsi, kar vodi do manj prizadete in
manjse toplotno vplivane cone.

Ploc¢evina 2 mm Zvarna le¢a
2 mm sheet

Weld nugget

8 kA, t=61t09 P, F=5kN. The optimum values were
obtained by analysing the joint strength after weld-
ing and by assessing the welding process (spatter).
With spot welding,the optimum parameters were: /=
6.5t0 8 kA, r=17t0 19 P,and F=5kN.

A macro specimen of the spot-welded joint
between the stop-switch rest and the pedal body is
schematically shown in Fig. 9. The figure shows the
sizes of the weld nugget and the heat-affected zone
as well as an indentation in the rest due to electrode
pressure during welding. With the thicker plate, i.e.
at the pedal body, no indentation is observable
because the electrode diameter is larger and the
specific pressure on the plate is smaller, which
produces a smaller and less heat-affected zone.

Odtis elektrode
Electrode indentation

Plo¢evina 6 mm Toplotno vplivane cone  Toplotno vplivana cona
6 mm plate na 6 mm plocevini na 2 mm plocevini
Heat-affected zones Heat-affected zone
at 6 mm plate at 2 mm sheet

S1. 9. Shematski prikaz makro obrusa tockovno zvarjenega spoja med naslonom in telesom pedala
Fig. 9. Schematic representation of a macro specimen of the spot welded joint between the rest and the
pedal body

5 EKONOMSKA UPRAVICENOST ZAMENJAVE
TEHNOLOGIJE

Z doslej napisanimi dejstvi v tem prispevku
smo pokazali, da je zamenjava varilskih tehnologij s
tehnoloskega vidika mogoca in primerna. S preprostim
ekonomskim izracunom zelimo pokazati, da je bila
zamenjava tudi potrebna in ekonomsko upravicena.

Pri izracunu stroskov oblo¢nega varjenja
smo izracunali ¢ase robotskega varjenja stopalke in
dvakrat dveh zvarov naslona stikala. Pri tem smo
poleg Cistih ¢asov varjenja upostevali tudi druge
Case: to so Casi obracanja, vrtenja mize, prehodov
robota, ¢iS€enja gorilnika in Casi, potrebni za pripravo
varjenja.

V izracunu stroskov porabljene elektricne energije
smo upostevali energijo za varjenje vseh varov, obracanje
in pogon robota ter pogon vpenjalne mize z gnezdi.
Izracunali smo stroske za porabljen zascitni plin in varilno
zico kot dodajni material in vse stroske dela, delovne sile in
opreme. V stroske dela smo vsteli ceno strojne ure,
amortizacijo stroja, stroske prostora, vzdrzevanja, potrosni
material, stroske delovne sile z dejanskimi in pripravljalnimi

5 ECONOMIC JUSTIFICATION OF THE
TECHNOLOGY SUBSTITUTION

We have shown that the substitution of the
welding technology is feasible and reasonable from
the viewpoint of technology. A simple economic cal-
culation should also show that the substitution was
necessary and economically justified.

When costing the arc welding we took into
account the times required for robotic welding of the
foot treadle and the two times for the two welds of
the stop-switch rest. In addition to the welding times,
we also considered the times for table rotation, the
robot passages, the gun cleaning and the prepara-
tion for welding.

The costs of electricity included the
energy required for all the welds, turning and
operating the robot and operating the fixing
table with the clusters. The costs of the shield-
ing gas and the wire filler material were calcu-
lated too. We also included into the calcula-
tions all the costs relating to workforce and
machines. A similar calculation of the costs
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ter rezijskimi casi. Podobno smo ravnali pri izracunu stroskov
pri uporabi nove varilske tehnologije. Tudi tu smo najprej
izracunali Case varjenja vseh treh zvarnih spojev, nato
stroske energije, stroske delovne sile, stroske stroja
(amortizacija) ter stroske porabljenih elektrod.

Povzetek vseh stroskov in ¢asov za obe
tehnologiji je podan v preglednici 1.

Z izracuni smo ugotovili, da so stroski
izdelave enega kosa z oblo¢nim varjenjem 67,79 SIT
in po uporovnem le 29,10 SIT, kar pomeni, da je z
novo tehnologijo pri vsakem zvarjenem pedalu
prihranek 38,69 SIT.

S preprostim izracunom lahko ugotovimo,
da bo investicija, Ce ta stane 12 mio SIT in Ce je letni
obseg proizvodnje 220.000 kosov, povrnjena v
osemnajstih mesecih.

was made for the new technology. In this case
the welding times for all the three welds were
calculated first, then the costs of energy, the
workforce, the machine (depreciation), and the
electrodes.

A summary of all the costs and the times for
both technologies can be found in Table 1.

The calculations made show that the cost
of manufacture of one piece using arc welding
amounts to 67.79 SIT and with resistance welding to
29.10 SIT, which means that 38.69 SIT can be saved
by using the new technology.

A simple calculation also shows that an
investment of 12 million SIT would be paid off in
eighteen months if the size of production is 220000
pieces per year.

Preglednica 1. Primerjalna razpredelnica porabljenega casa, energije, pomoznega materiala, stroskov

delovne sile in stroskov proizvodnih sredstev

Table 1. A comparative table of the time, energy, auxiliary material consumed and of the costs of workforce

and production means

Oblocno varjenje Uporovno varjenje
Arc welding Resistance welding
Cas varjenja / kos (min)
0,636 0,350
Welding time/piece (min)
Strosek energije / kos (SIT)
) 1,262 0,210
Cost of energy/piece (SIT)
Zas¢itni plin / kos (SIT
P (SD) 3,441 /
Shielding gas/piece (SIT)
Zica / kos (SIT)
1,38 /
Welding wire/piece (SIT)
Delavec / ura (SIT)
3070 2800
Man-hour (SIT)
Stroj / ura (SIT)
2445 1900
Machine hour (SIT)
Strosek elektrod / kos (SIT)
1592
Cost of electrodes/piece (SIT)
6 MNENJE 6 OPINION

Za pravilno in verodostojno oceno kakovosti
ter zahtevnosti opisanih raziskav in dobljenih rezultatov
je treba dodati, da predstavljeni postopki, ki temeljijo na
elektrouporovnem varjenju, niso standardne strojniske
ali mehansko-preoblikovalne operacije, pri katerih sta
potrebna orodje in mehanska sila, ampak so zapleteni
metalursko-mehanski in elektromagnetno-fizikalni pojavi,
ki jih je bilo treba med raziskavo upostevati. V prvi vrsti je
izmeni¢no magnetno polje, ki ga povzro¢i izmeniéni varilni
tok z jakostjo ve¢ desettiso¢ amperov. Prav razmerje med
ohmsko in induktivno upornostjo, ki je odvisno od
Stevilnih dejavnikov, lahko odigra pomembno vlogo. Velik
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In order to assess the investigations made
and the results obtained, it must be pointed out that
the processes involved in resistance welding are not
the conventional operations of mechanical engineer-
ing or mechanical forming using just tools and a me-
chanical force but very intricate metallurgical-me-
chanical and electromagnetic-physical processes.
First we have an alternating magnetic field generated
by an alternating current of more than several times
10000 A. The relationship between the ohmic and
inductive resistances, which depends on a number
of factors, can play a very important role. An impor-
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vpliv na to imajo oblika, velikost in vrsta materiala, ki je
v “oknu” med dvema elektrodama. Pri velikem »oknu«
med obema elektrodama, ali ¢e so v oknu varjenec, del
kovinske priprave ali drugi elementi, se jakost toka lahko
»porazgubi« in se spremeni v jalovo energijo. Vse te
dejavnike je bilo treba pri raziskovalnem, teoretiénem in
eksperimentalnem delu upostevati. To nam je po
napornem delu tudi uspelo.

Drugi problem pa so toplotne napetosti, ki
se pojavijo v varjencu med varjenjem in po njem. Tudi
tega smo s pravilno oblikovano vpenjalno napravo
in s pravilnim vrstnim redom varjenja uspesno resili.

7 SKLEP

Z izdelavo nove tehnologije zvarjanja
zavornega pedala za osebni avtomobil in z zamenjavo
s staro oblo¢no tehniko smo povecali produktivnost,
izboljsali kakovost zvarov, zmanjsali izmet, izboljsali
delovne razmere zaposlenih, zmanjsali potrebe po
nabavi materiala (varilna Zica, zas¢itni plin).

Najboljsi sklep na koncu Studije poda
ugotovitev, da z novo tehnologijo varjenja pri vsakem
pedalnem sklopu prihranimo 38,69 SIT in da bodo pri
sedanjem obsegu proizvodnje investicijska sredstva
povrnjena v enem letu in pol.

tant influence is exerted by the shape, the size and
the type of material in the space between the two
electrodes. If this space is large or the workpiece, a
part of the metal device or other elements are located
in this space, current may get “lost” and transform
into waste energy. All these factors had to be con-
sidered in the theoretical and experimental investiga-
tion. Eventually this was done successfully.
Another problem are the thermal stresses
occurring in the workpiece during and after welding.
The problem was successfully solved by a correctly
shaped fixture and a correct welding sequence.

7 CONCLUSION

The substitution of the new technology of
welding the brake pedal for a motor vehicle for the
arc welding technology resulted in increased pro-
ductivity, an improved weld quality, less scrap, im-
proved working conditions for workers, lower con-
sumption of the welding wire and the shielding gas.

The most encouraging conclusion is that
the new welding technology permits a saving of
38.69 SIT for each pedal assembly and the invest-
ment in the equipment can be paid off in a year and
a half.
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