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Determination of Flow Stress and Friction Factor by the Ring
Compression Test(II)

Young-Min Choi and Naksoo Kim
Department of Mechanical Engincering, Hong-Ik University

Abstract

The purpose of this paper is to pursue a general method to determine both the flow stress of a
material and the friction factor by ring compression test. The materials are assumed to obey the
expanded n-power hardening rule including the strain-rate effect. Ring compression is simulated by the
rigid-plastic finite element method to obtain the database used in determining the flow stress and
friction factor. The Simulation is conducted for various strain hardening exponent, strain-rate
sensitivity, friction factor, and compressing speed, as variables. It is assumed that the friction factor is
constant during the compression process. To evaluate the compatibility of the database, experiments
are carried out at room and evaluated temperature using specimens of aluminum 6061-T6 under dry
and grease lubrication condition. It is shown that the proposed test method is useful and easy to use in
dctermining the flow stress and the friction factor.

Key Words : ring compression test(% 9}3-4] 31), strength coefficient(K: 7} £75), strain
hardening exponent(n :¥1% 5-7] 1) 42), strain-rate sensitivity exponent(m: ¥% §-2 % o) A ),
friction factor(m,:w}-2914}), rigid-plastic finite element method(7}-2~4 §-3+8. 4 )
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% ubgbd ) 7)- T sheet-metalforming) 2 8] ¥ ol 3= v} 27 4(friction cocfficient)?} =2 2
o), Nz} 43 3 7} bulk forming processes)2| 3lf 4] o] &= w2 Xj{friction factor)7} A|-H ¢}, n}
NS ARG -f-oll o] T A szl 8l ® /1A ¥ (ring compression test)o] A-8-% L.
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a4 Ao ARE T2 A2 517] laA] o232 Zho] 9tE-& (reduction in height) R,
2] 22U} 73 ¥ 3}-8-(inner radius changes) @;, ] 2] 74 *H 3}-8-(outer radius changes) @,, -7 3]
w2 315xK(load difference due to velocity) L, 43580 W& 515-7] 27| (first derivative of load)
L B elstsic.

R =(H-hYHX 100 (%), €)
Pi = (D~(d),, ¥D, X 100 (%), @
®, =((d), -D)/D, X 100 (%), ®)
L,=(P,-P) /P, X 100 (%), ©)
L,=(P,-P)/(R,,-R) X 100(%). )

o{7|olA H,D, D= 7tzt g e ol U, 870l hd,d= ¥ T Zlelw, P, P&
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m 33 vk QA mE A% 4 3lck
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‘32| A= E A ¥ olct. Fig 32 U&-8ol W& PFL 9 mo] BAE Yehin], mo] 242
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wh2pA], 29l o3l s}gx)-e] W8 o] &8 m Ztoll U3 27)X](initial guess)S 7 3=
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T3 ES(m A m) ARSI A wkEA o 2 m 7hE ) WAstd o).

4-2. 7433 A ot AEASH AA
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Table 1 Three different experimental loading type of 6:3:4 ring compression

loading type No. of No. of data obtained
specimen steps
typel :
a single specimen 1 5 load-displacement(per step)
in multi steps inner radius(per step)

outer radius(per step)

type2:

a number of specimens in 5 5 continuous load-displacement
different reduction single inner radius

step outer radius

type3 :

a single specimen in total 1 1 continuous load-displacement
reduction(60%) single stepJ final inner radius

final outer radius

Table 2 Flow stress of A16061-T6 obtained under various temperature

Temperature('C)| friction condition K(kgf/mm’) n . m
20 dry 44.49 0.093 -0.001
lubricant 45.73 0.102 -0.001
200 dry 34.64 0.069 0.009
lubricant 34.24 0.065 0.014
400 dry 24.25 -0.019 0.136
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I U T M (Universal Testing Machine) l

A : e N
Com, Cool
(G o L ool [ Cocliog Waer
(G)onim. Blectric
o E—| / Furnance
N BV A Y _"—
- |. N \
l ] T ) N
I H A,
- J / \
N Ther pl — S Ring spe N
- ing Specimen K 400
== N
l D. g (De:Du: H=6:3:4) :
g N
I N N
RSN TS |
4

Com; ion  [YF
Displacement | |
meter -

Pressure cell —l

Fig. 1 Geometric definition and mesh system
of ring compression specimen used in the
rigid-plastic finite element analysis.

l‘-" =" Cooling Water
Dia. 75

Fig. 2 Experiment set-up for high-temperature

compression test(all units : mm ).

n=0.0,mr=0,1
difference -4 0=0.5,m=0.]

(Lv)ave 60 [ —e— n=0.0’mf=0.9
—— n=0.5,mf=0,9

50 H

40

30

10 /
V4

0 0.1 0.2 0.3 0.4 0.5

strain-rate sensitivity exponent(m)

_ Fig. 3 Dependence of load difference(Z,) on strain-rate sensitivity exponent(m).
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eraee 1=0.00,m=0.9 3
o | o n025me09
0 1050 M09
2
4 R SN F P,
2 ) -"‘. 1
pe
=4 |
0 0
0 10 N N 4 0 6

Reduction in Height(%)
(a) m=0.00

| 1=0.00m=0.1

—+—1=0.25,m=0.1
~—— 1=0.50,m=0.1
- 0=0.00,m=0.9
~-a-- 1=0.25,m=0.9
<0 1=0.50,m=0.9

10 20 30 40 50 60
Reduction in Height(%)
(b)y m=0.50

Fig. 4 First derivative of load curves (a)m=0.00,(b)m=0.50.

increasing m,

(a) n=0.25, m=0.00 , from m,=0.10 to m,=0.90.

increasing m,

(b) n=0.00, m=0.00 , from m,=0.10 to m=0.90.

Fig. 5 Comparison of deformed shapes with various friction factor(m,).
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Im‘er . ——""m:0.0S,n=0.00 Inner 50 ———-'m=0.05,n=0.50
rdius 40 b m=030,020.00 i - rnadius 40 e m=0.30,020.50 firn -
changes(%) ‘ : changes(%)
30 ; 0k
/ mf=0.9
20 20 "
i amd.
10 10 _ 4 A
I A m02
-10 _10 oo U SO URUOPUIE SUURUIURIU: SURUURPTIN AU SO -
\
- -20
. TP m0.]
30 30 '
0 10 20 3 40 S0 60 70 0 10 20 3 4 5 6 7
Reduction in Height (%) Reduction in Height(%)
(a) n=0.00 () n=0.50

Fig. 6 Dependence of inner radius changes on strain-rate sensitivity exponent(m) of 6:3:4 rings:(a)n=0.00,

(b)n=0.50.

increasing m

(a) n=0.00, m,=0.30, from m=0.00 to m=0.50.

increasing m

(b) n=0.00, m=0.50, from m=0.00 to m=0.50.

Fig. 7 Comparison of deformed shapes with various strain-rate sensitivity

exponent(m).

MEVENTRWE /B34 8258, 1994 /225



Hgu - Ade

increasing n

(a) m=0.00, m=0.30, from n=0.00 to n=0.50.

increasing n

(b) m=0.00, m,=0.50, from n=0.00 to n=0.50.

Fig. 8 Comparison of deformed shapes with various strain hardening

exponent(n).
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Fig. 9 Dependence of inner radius changes on strain hardening exponent(n) of 6:3:4 rings:(a)m=0.00,
(b)mn=0.50.
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Database by Rigid-plastic finite
analysis for 6:3:4 ring .

)

Ring compression

- UTM test at room and

elevated temperature.
A

1. Load difference duc to velocity(L,). —s strain-rate sensitivity(n ) ‘
2. Load - reductionz,, ). _» Strain hardening exponenf(n )
strength coefficience(X )
] iteration until convergence of the value.
3. Inner radius changes-reduction
(calibration-curve). —» friction factorgn,)
4. Outer radius changes-reduction

\
Determine the strain-hardening exponent,
strain-rate sensitivity exponent and
friction factor of forming material. -

Fig. 10 Flow chart for determination of the strain hardening exponent(n), the strain-rate sensitivity
exponent(m)and the friction factor(m) with the ring compression data.
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Fig. 11 Load-reduction curve on dry and grease lubricant condition at room temperature
(the compressing velocity 3 and 24 mm/min).
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Fig. 12 Experimental inner radius changes-reduction at room temperature(velocity: 24mm/min, n¥=0.00,

n=0.10).
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Fig. 13 Load-reduction experimental curves of
6:3:4ring compression test under dry condition.
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Fig.14 Experimental {oad differences(L,) under
dry condition.



