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Determination of friction law in metal forming
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Process simulation by FEM analysis has become precise enough and is used

commonly in metal forming factories. But the friction data used in the simulation iIs not as accurate
as_the simulating method and the material data. Thus, establishment of accurate friction law is
desired in designing the processes which are affected significantly by the frictional condition,
such as plate forging. The study leader has proposed a friction law under dry condition. The main
feature of this friction law is Coulomb friction up to a critical pressure, and a constant
frictional stress for higher pressures. This friction law can be determined by measuring the
friction coefficient p at any average pressure lower than the critical pressure, and can be
included in the FEM codes easily.

In this study, the proposed friction law is extended to be applied to general lubrication
conditions of cold metal forming processes.



(r=up)

(r = mk)

X
> 1.0
«
gos |
B Pcr T=mk
® 06
s
Bos ‘4\’9
£
%02 f
©
g . . . .
z 0
0 1 2 3 4 5

Average pressure p,/ Y

t=pp (p<py)  *wisameasuredvalue
t=mk (p>ps) m=v3u(-3821+30)

Do 2 (14sin2p m
Y 'ﬁ( : 't

1 — =
¢=-cos"'m !

2

Per

Incase of u 2 0.40,m = 1.0

1

V3

1)
)
®3)

€Y

0.8
0.6
04

02

Average frictional stress 7, /k

&0

o

0.8

0.6

0.4

02

Average frictional stress 7,/k
(=]

Y. @ Side stretching friction test
pr(le/ :56(;.3) s O High pressure fiiction test
I p=0.15 (m=0.63)
1=0.13 (m = 0.58)
9”00 -2 0 0000 -
0. 8- \ 05°0
| Bt #=0.11 (m =0.49)
0 1 2 3 4 5
Average pressurep,/ Y g
(5+0.08)
— N5 e-m
|© ‘?’i“;’g‘iﬁ‘oﬂé‘)‘ & 1=0.15 (m=0.63)
: Sl - 2 -
O Without pre-strain / #=0.13 (m=0.58)
¥ =06(0.08) ——-—/ -----------
099”9 '@'%350@0----
L o
L 2= 0.11 (m = 0.49)
P
0 1 2 3 4 5

Average pressurep, /Y




@

& O Dry in-place coating
08 O Zinc phosphate coating
é; 0.6 Dry with DLC coated tool
z 0
S
2 04
j)
g 0.2
<
0
0 1 2 3 4 5
Average pressure p,/ ¥
4
(©)
5
6
0.6
P100, 5, = 0.8Y, — Dry condition
® h,=05pum
0.4
A hy=7.0pum

o High pressure test [2]
0.2

-.A m, °

Average frictional stress 1, / k

O 1 1 1
0 0.5 1.0 1.5 2.0
Average pressure p, /[ Y.o0s
5
0.3 1.0
3
_‘S 4 08
2 0.2
5 41 0.6
o
= { 04
2 01 '
L ;
B =4 0.2
e
0 0
0 0.5 1.0 1.5 2.0

Average pressure p,/ Y. g0s

Pep/ Pers Pop ! Per

3

Z.G. Wang, T. Suzuki, Friction law in dry
metal forming of materials with work
hardening, Prodedia Manufacturing,

2018 accepted.
Z.G Wang, W.Z. Dong, K. Osakada,
Determination of friction law in metal
forming under oil-lubricated condition,
CIRP Annals, 2018
https:.//doi.org/10.1016/j.cirp.2018.04.027
Y. Zhang, Z.G. Wang, Y. Yoshikawa, W.Z.
Dong, Experimental investigation on
friction law under starved lubrication in
metal forming, Procedia Engineering,

Vols. 207, 2017 pp.2269-2273.

7
Y. Zhang, Z.G. Wang, Y. Yoshikawa, W.Z.
Dong, Experimental investigation on
friction law under starved lubrication in
metal forming, ICTP2017, Sep. 20, 2017,
Cambridge, UK.
29
2017 6

29
2017 6 9

N. Maruyama, Z.G. Wang, Y. Yoshikawa, T.
Suzuki, Friction law in metal forming under
lubricated ~ condition, 7" International
Conference on Tribology in Manufacturing
Processes, Feb.28, 2016, Thailand.

T. Nakano, Z.G_ Wang, Y. Yoshikawa, T.
Suzuki, Friction law in dry forming of
metals with work hardening, 7"
International Conference on Tribology in
Manufacturing Processes, Feb.28, 2016,
Thailand.

66
2015 10 30
66
2015 10 30



@
WANG, Zhigang



