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MODELIRANJE KONTAKTNOG TRENJA

Kontaktno trenje predstavlja otpor (abrazija i adhezija) relativnom kretanju dva tela u
kontaktu izmedu kojih deluje normalni napon. Otpor je proporcionalan ¢vrstoci slabijeg
materijala i povrsini kontaktne povrsine!

Na veli€inu kontaktnog trenja uticu:

a) Vrsta procesa: svaka vrsta obrade okarakterisana je odredenim
naponskim stanjem i veliCinom kontaktne povrsine, a ti parametri
utiCu na veli€inu trenja.

b) Vrsta materijala alata i obratka: uticaj vrste materijala je
posebno izrazen u slu€aju deformisanja bez podmazivanja. Tada
moze doci do direktnog kontakta materijala alata i obratka i do
medusobnog hladnog zavarivanja. Razliciti materijali pokazuju
razliCite tendencije ka hladnom zavarivanju.

c) Temperatura obrade: povecanjem temperature trenje raste do
odredenog trenutka da bi nakon toga opadalo. Kod Celika (b)
maksimalno trenje pojavljuje se na temperaturi izmedu 450° i

550°C. hu
d) Brzina deformacije: povecanjem brzine deformacije smanjuje

se kontatno trenje.

e) Podmazivanje: podmazivanjem se veoma znacajno utice na
smanjenje veli€ine trenja.

f) Stanje kontaktnih povrsina alat—-materijal: Sto je povrSina alata
kvalitetnija (manja hrapavost), trenje je manje. Zbog toga se alati za
plasticho deformisanje Cesto poliraju.

(a) Die

Workpiece

Friction forces

h 2
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Vrste trenja

* Suvo trenje nastaje kada izmedu dodirnih
povrS§ina alata i materijala nema
podmazivanja’ tj kada pOStOji direktan a) Suvo trenje alat b) Hidrodinamicko trenje
metalni kontakt. 74 /

« Hidrodinamicko trenje nastaje kada su
dve kontaktne povrsine potpuno razdvojene il m
mazivnim slojem. Ova vrsta trenja se ne
javlja u obradama plastichog deformisanja, ¢) Granino trenje d) MeSovito trenje
sem u nekim specijalnim obradama.

* Grani¢éno trenje nastaje kada izmedu alata
i materijala postoji samo tanki sloj (film)

maziva koji moze — usled velikih lokalnih zona hladnog zavarivanja
kontaktnih pritisaka — biti i prekinut, Sto ¢
dovodi do hladnog zavarivanja. \

* MeSovito trenje je najCeSci sluCaj u praksi
plasticnog deformisanja. To je trenje s
elementima i granicnog i hidrodinamickog
trenja.
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Uticaj trenja

* mikrostrukturne promename deformisanog materijala
* habanje alata

e povecanje potrebne energije za deformisanje (50%)

Pravci triboloskih istrazivanja:

1. definisanje mehanizma trenja preko zakona i teorija o trenju

2. razvoj metoda za ugradnju ovih definicija u modele deformacionih
procesa i kvantitavnu procenu pokazatelja trenja.

e U opsegu sobnih temperatura, faktori koji imaju uticaja na kontaktno trenje su: mazivo,
stanje povrsina, veliCina deformacije i interakcija maziva i neravnina povrsine;

e Na poviSenim temperaturama, znacajni su faktori: veliCéina deformacije i stanje
povrsina.
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1. Amonton-ov (1699) i Coulomb-ov (1785) zakon

T =n-cp=n-p 0<u<0.577

F/
Tk =u-K _F /A T friction
H= P P/
A T normal

* topla obrada n =0,4-0,5
* hladna obrada bez podmazivanja u =0,2-0,3

* hladna obrada sa podmazivanjem u = 0,08-0,15 “
1L
> (|
.
\Slope=,u ‘ —*F/

Contact pressure, P
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2. Zakon konstantnog trenja (Orowan 1946)

T T =constant=11
1 _ 7
m=(),7
m - shear friction factor (faktor smicanja-trenja) m=05

1 3 ('1

von Mises

0.5 GY I
r Coulomb
.
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3. Opsta (adheziona — Bodwen i Tabor 1942) teorija trenja
— Opsti model (Wanheim - 1974, Bay and Petersen - 1976)

Napon trenja (t,) :
O normalni pritisak
O topografija povrsine

P
Tool . Tool velocity l

Strong junction

v . . ined rigid meial
A duZina klizanja - kontakta ity of fracue)
O viskoznost i kompesibilnost lubrikanta y Shear stress | - b - Fracture occurs

Sublaver in softer base
velocity -0,=p
Teorija linija klizanja softsider P
__ |/ _instate of plastic deformation | b
iy =faK I
P
f — faktor trenja (0<f<1) -
a - odnos realne zone kontakta Hishigh 7= gp
. v v. ~ L1z low A Coulomb
i racunske povrsine kontakta " / T A
K —napon teéenja : = mik{mn = 1) /f
_E . .'ll f Treaca
a ...\‘.. - -
r=mk(m=1) ".-".-mh:im & Bav
> L >

Contacl pressure, o P
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Realna zona kontakta kao funkcija pritiska i Tangencijalni napon kao funkcija pritiska i

faktora trenja (Bay 1976) faktora trenja (Wanheim 1974)
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Granica proporcionalnosti tangencijalnog napona
i normalnog pritiska (Bay 1987)

P o 15, y, =00 <009
Oo
P <08 y, =15 f<09
Oo
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Koeficijent trenja kao funkcija faktora trenja i
pocetnog ugla neravnine (Bay 1987)

f

/’l:
(l+ 7z/2+arccos— 2yR V1-f2 )

— Bay

U= _r BowdweniTabor

27(1-f2)
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o Friction stress Main assumptions and Authors,
Friction model e N
distributions applications (vear)
Friction model Friction stress ¢ is Von Karmarn,
T=p"p directly proportional to local normal 1925

pressure p. It 15 mainly used for cold Kunogi, 1924

metal forming due to its simplicity. Kudo, 1960

Dry slipping oceurs over the whole
tool/workpiece interface. .
r=m-k k=c0/V3 is the shear flow stress, and o0 Orowan, 1946
15 the yield stress.
T = E Sticking occurs over the whole interface Sims, 1954
2 between tools and workpiece K=1.1500. Nadai, 1939
d Viscous slipping friction proportional to
r=p Vx relative \-’glﬂ(‘lty of slip, occurs over the Nadai 1939
dy whole mterface between tools and
workpiece.
The nterface 1s divided into two zones:
(I) sticking occurs at the central zone
Areal: 7=

Areall: t=u-p

whose centre is the neutral point; (IT) dry
slipping occurs at the edge zone when
frictional stress 1s less than yield stress in
shear.

Orowan, 1943

Area I T_T]jé

Areall: Ty = ~,

Arealll: t=pu-p

A zone of restricted plastic deformation
exists in the middle of the sticking zone.
The tool/workpiece interface is divided
into three zones: (I) the stick zone, (II)
the drag zone, and (III) the slip zone.

Tselikov. 1958
Unksov, 1961

Arealit=74 —
AOA

AreaIl: 7= fak
Arealll: t=pu-p

Three zones are sumilar to the model of
Tselikov and Unksov: (I) the central
sticking zone; (II) the sliding zone and
(I1T) the homogeneous deformation zone.

Bay and
Gerved, 1984
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Torrance’s Friction Model (Slip line theory)

Fp =[dsina+cos(2e—a)| -EDk:

an

Iy Wm\\ N E =[4coscr+sine~a)]- Dk
<L 4 _/'1 \ ‘

Ft

5 D SRR T

{NL S ‘ - . F;r
AL AT =
B~ /"C//goftsolid E
A=1+£+2£—E;’?—Ea’ . 2eg=arccos(f) and =L
2 k
105 - -
» £=0.9
S
) . . ..é =07
Levanov’s Friction Model (FORM2D )
8 oz ] =05
[
S
i # 7y Eg f=0.3
—=7|1-esp| -125 L | z
P f|: "3157}}.H ) =01

0 1 2 3 4 ; 6
Contact Pressure ( q )
0

Equivalent Yield Stress
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Aft or of
s,
_- 1 . ' "
M= JJEd V4 J'EKE-;,dV + JL Jrndffr)dS
v v 5c @ «—— Stick
Vp
v v
r
w, = [rfmfr dS Ty =—po, |
v
AN r T
Slip
Av + shear stress t
‘TFﬁui'um - }'L I "Tmnﬂul N ; -
o+ |ﬁv‘ classical friction law
. iction law
6\&\66‘ u
o
| 2 A — relative velocity Av /&
TF]‘i.i.'- ion| — }‘L ’ Umn‘ml -—lan T i -
1 T . + relative velocity Av
w - proizvoljna konstanta
(vrednost relativne brzine, kada dode do klizanja )
— shear stress 1
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METODE ODREDIVANJA POKAZATELJA
KONTAKTNOG TRENJA

Direktne metode odredivanja kontaktnog trenja merenjem (eksperimentalno) lokalne sile

trenja, ili nekih drugih pokazatelja, u zavisnosti od primenjene metode i vrste obrade

unutrasnji
pritiskiva¢

spoljasnji prsten
pritiskivaca

radni komad

donji alat

(a)

Test pritiskivanja-uvijanja (compression-twist tests)

Koeficijent trenja pri valjanju

7 +tg (a/2),

~ 2Pcos(a2)

a=+JAh/R, Ah=h,-h,

unutradnji
pritiskiva¢

spoljasnji prsten
pritiskivaca

)

radni komad
/7

- donji pritiskivac

(b)

matrica
,{7}/

Faktor trenja pri vucenju Zice

m:@ m(i‘;“/;f)
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Indirektne metode odredivanja kontaktnog trenja pracenjem odredenih geometrijskih
veli¢ina uzoraka u uslovima podeljenog tecenja materijala (divided flow tests).

Upsetting of cylinder by using conical compression
platens

Schema

T = Ntga T > Ntga T <Ntga

[29]

Principle When horizontal components of normal and S 4’ PPl ST S : L
friction force are in balance (V, = TI3) ! T
cylinder deforms uniformly, no barrelling : :

takes place. In this case y = tan . When the : :

friction component is higher (7, > N,), i N

cylinder barrelling occurs and in case that = :

horizontal component of normal force h=tgo n>tgo p<tga
prevails (N, > T,) the end faces spread.

-

- -

e -

~
~

~ -
~ —~

~4-
i
i
i
i
i
i
T
[

Application | This test is convenient for frictional study
field and lubricant evaluation in bulk metal
forming. Drawback of this method is
requirement for a large number of conical
dies with different angles and corresponding
specimens.
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Forward bar extrusion

Schema

TR )
<« o
FT‘

Fe = ~ ha

2N

I

-
el -

[18]

Principle

In this test cylindrical billet is extruded
through conventional forward extrusion die.
During observed interval. height /i
decreases to hy; and load Fr decreases for
AF1. Load reduction AFt 1s a function of
only F¢ (other force components during this
interval  remain  constant). Friction
coefficient 1s a function of AFT. die
geometry and material vield stress.

Application
field

This method can be used where more severe
strains prevail. Forward bar extrusion test
requires load measurement and knowledge
of material yield stress.

=
.

Lo

-.“.?

¥
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Backward cup extrusion

Schema

F_ET

z

S
]

[22]

.

Principle

In backward cup extrusion punch forces the
billet’s material to flow sideways through
the gap between the punch head and
container. By measuring forces Fy. F> and Fs
and by knowing tool/die geometry and
material yield stress, friction can be
calculated.

Application
field

This test is most suitable for processes with
high effective strains. Loads measurements,
as well as material vield stress are needed.
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Backward extrusion with a twist Backward - forward hollow extrusion
Schema c_i_f;M Schema :
™ punch
1 i I
I ‘
I
: N
| j "
I
I i
I T
ce,, workpiece
- '.
[23] . h
- - . - . 2
Principle | Billet is first backward extruded and then :
the lpunch 1s 1'otlated whllle the die i1s kept container r:,ountﬁr
stationary. By introducing another punch puinc
(with  different punch land). both i
momentums are measured and friction is p=0
calculated. i
Application | This test 1s friction evaluation in processes :
field with low strains. Two different punches and
mechanism for punch rotation are needed :
[18]
Principle In this method a cylindrical billet 1s extruded
in both upward and downward direction.
Ratio /y/h; 1s friction sensitive. i.e. the
higher the friction, the more material flows
upwards.
Application |This test is for friction assessment in
field processes with high pressures and
deformations.
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Combined forward - backward extrusion T - Shape compression

Schema ; Schema L~ ns
punch -

hz
Set-up of test Deformation characleristic of specimen
[25]
Principle In this test cylindrical specimen is placed at
the die with a V - groove. During
| high compression by flat punch, material flows in
m;fé , friction two directions: downwards in the groove
and sideways between the tools. The amount
' H of material that flows in the groove 1s
friction sensitive. By FE simulation friction
1 8] calibration curves are generated.

Application | O1l 1s easily applied in the test by filling the
field groove. This test 1s for friction assessment in
processes with severe deformations (both
extrusion and compression). Specimens with
different diameters can be used with the

Principle | Cylindrical billet is extruded in both forward
and backward direction. Therefore material
flows through the opening at the bottom of
the die and through the gap between the
punch and die. The higher the friction, the
more material flows backward. Ratio i1,/h- 1s same tools.
the indicator of friction magnitude.

Application |Both backward and forward deformation
field occurs in this test. In this test large strains
and pressures occur.
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Open die backward extrusion test ) Conical Tube — upsetting test
Schema upper platen _hole Schema T
™ J——* ¥ D
3 % d
? 2% ’
hal | 2 -
ol ” L —
cylindrical | | 7 IL /: by i
warkpiece I_ T I p
[28]
| ) ! Principle In this test a cylinder with a drilled hole is
jower platen : upset by plane die (at the bottom) and
conical die (at the top). Friction is evaluated
[26] P
Principle Cylindrical billet is compressed by a punch b:'r measuring .final height and outside
with a hole and flat die. Material flows both diameter of the billet.
upwards. through the punch hole and Application | There 1s no sticking zone (unlike in ring
horizontally, between the punch and die. field compression test). However. geometries of
He1ght le th? billet at the .ETl_d of the process the tools are more complex. This method 1s
15 the mdicator of friction magnitude. for friction evaluation in processes where
Friction c.alibranon curves are obtained by low strains occur.
FE analysis.
Application |In this test it is possible to vary billets’
field initial geometry without changing tools.
This test can be used to obtain friction
magnitude 1 processes where large
deformations prevail.
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Tapered - plug penetration test

Schema Tapered plug
(SUJ2)

Punch
- (5 mm/s)

22

Workpiece
(Ti-6AI-4V)

[27]
Principle Tapered — plug i1s penetrated into hollow
billet made from titanium alloy. Tapered —
plug penetration load is measured and used
as indicator of lubricant performance.
Application | This test 1s used for comparison of different
field lubricants.
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g low friction high friction

7l
ool 4 :

i)

-.-.-.-.-..E____ ,

workpiece\
N !
7
é»{ﬁ»
do—— I
: 40
: §35
30
25
20
15
10
) | : | ,j o /
e |
a7 s 3w = &

press stroke / mm
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Procenat promene unutrasnjeg preénika

60 1
50 1
40 1

30 A1

20
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Sabijanje prestena - Ring test

Eksperiment |
Etalonkrive |

----------------------------------------------------------

Procenat promene visine

_ hO — htr
hO

&

D,:D,h=6:3:2

Initial shape of rings

%

Low Friction(Good Lubrication)

Reduction

in height [%]

7.2%

High Friction{Poor Lubrication)

Decrease
in 1.D. [%]

-1.48%

22.2%

-2.96%

40.0%

-1.85%
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dn dl

T100(/) —
100 L J0577 S 0.5, S 804 6:3:2
0.40 370 3 m-trenje
50 N 1.0 s 704
80 ) 560 / K m=1.0
,0.20 S / S 60 '
/ S350 S
60 3 / [ 03 = 5 m=0.425
0.15 S40 3 =0.255
40 / 0.12 ;30 // / / 5540_ m=0.
7 S S
sl % NS 5 50
ZzZ= 2’0.06 §10 /‘/ /// - 0.15 §
F0.055 2 1 | S 10-
0] —— 1005 ‘i 0 — — 3
) 3 S S
004 N 0.1 S 50 60 70 80 90 1b0
510 § .. 0. 1
-20 S < o ~ S /04 redukcija po visini (%)
N 0.03 . N “ m=0.085
201
0 \\ g goz -30[ m-Arenje \‘\
: 6:3:2 Q05 -30+
0 20 40, 60 1020 30 40 50 60 70 40 m=0.042
T100(%) Redukcija visine (%)

Kalibracione krive 6:3:2, za m-trenje
Male-Cocroft kalibracione krive 6:3:2, za u-trenje i m-trenje (Danckert 1988)
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KOMPLEMENTARNA RING TEST METODA

A:B:C:D=6:4:3:2

"(©)

oA

\

$ 14.0
 18.6
4 28.0

Geometrija prstena za komplementarnu
ring test metodu (Petersen 1998)

Geometrije prstena 6:4:3:2 (a) mali pritisci,
A (b) normalni pritisci, (c) veliki pritisci
'U:F —>r=up=A, (0<A<k,,)



