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Abstract. The electrical resistance of several flat pieces of W-
Cu-Ni pseudo-alloys contacts, with the different grain size
distributions from 6 to 50 um, prepared in various conditions of
powder metallurgy, was measured. The obtained values being
very dispersed in similar conditions, the dependence of the
resistance on the pressing force was studied and the parameters of
the well known formula for the constriction resistance as function
of the pressing force was determined. The dependence of these
parameters on the contact surface roughness statistical
characteristics and the pressing force values are analyzed. Some
theoretical models are verified.
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INTRODUCTION

The values of electrical contact resistance are very dispersed and
difficult to predict, in spite of very simple theoretical formulas. In the
paper, direct measurements of material resistivity, contact resistances
and surface parameters were made and the theoretical explanation of the
measured contact resistances are tried.
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THEORE'ITCAL MODEL OF THE CONTACT
BETWEEN TWO FLAT SURFACES

We will replace like in [2] the real plane contact surfaces by a
pquivalent pair of pldne surfaces, one absolutely smooth and an other

mughlsh with umfnnn distributed N D, — diameter spherical
megulmttcs on each 1 cm? of plane contact surface area, having the

~ % -
) hm=h;h2: 5= }U?mg: u,;=f”““;’——-—£: Dm:szl__ 3'
Jut A

where the index 1 and 2 relate to the two surfaces (fig. 5).
The distribution of the random unevenness height il

m}nmdered normal

| (z h )":l

The elastic force at the cnmpresswn x will be (4]

z-h . +xY'?
3 P(x)= NEm/ n I ( “‘“ ] f(2)dz

The number uf contact spats per 1 cm® and the radius of the
constriction zone at the level z will be:

n(z) = E."J..ﬂx__.'_h. - 2—hy || 5 1
4 n(z) N{G{ ]‘I{ G H n(z) > T

The radius of mechanical contact spot of a D, diameter

sphencal segment havmg the height z, when the deformation is x will
be

(5) a(z,x)=\/(z+x—}z,mf(Dm—z_x+};max)

The constriction resistance of a singular contact spot
radius a, when the constriction area radius is 1, is given in cli
Holm's boak [1]

2n

J n(2)? —a(z,x)? \[ri(z}2 — a(z.x)*
'8 2
a(z,x) n(2)

(3)  R(z,x) = P1 [m

2y



The conductance and the resistance of multispet contaet per 1 cm’

of contact surface, for the deformation x is given by previous formula
and the distribution of the random irregularities height:

max  £(2) 1
Gx)=N 4 R = e
@ oW hma{-x R(z,x) « 1) G(x)

THE CASE OF UNIFORM DISTRIBUTED
UNEVENNESS HEIGHT

In the case of uniform distribution of the unevenness height the
integrals (3) and (7) can be calculated and the results are the following

1 P 0.6
Jo(2)= r—— P(x)=Ax*;G(x)=B-x'° = B(Z)

(8) max
8 N Dp

N
A=037T——E_ ,}D_m ; B=
Armax 3hmax Py
The variation of the multispot contact resistance versus the
pressing force can be represented as follows

0.6
_ _ AT
(9) RO - Pn-l r CO - "'"""'B s M= 0.6

The exponent m is independent on the number of contact spots but
depends on the unevenness shape and their height distribution. In fig. 2
the values of this exponent are given for spherical unevenness and
normal height distribution versus the maximum rapprochement of
contact members and the coefficient of variation as a parameter. In fig,
3 the same exponent is given for various values of the ratio between the

maximum and average value of the unevenness height. (x; is the

smallest value of rapprochement for which the exponent m is
determined).
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Fig. 2 Exponent mr: versus the Fig. 3 Exponent m versus the
contacts rapproghement unevenness heights ratio
EX?ERIMENTAL RESULTS

The setup of lhq: measurement scheme is given in fig. 4.
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A sampie of roughness diagram is shown in fig. 6.

Fig. 6 A sample of roughness diagram

The material granulation, the compression force, the sintering
temperature and environment and the values of the calculated
coefficients my, ¢;, m;, ¢, the values of measured contact resistance R,
and R, and the average, maximum and standard deviation roughness of
the two surfaces of the tested contact members, are given in table 1.

The experimental values of the parameter ¢, m, and ¢;, m; from
formula (9) are given in fig. 7 and 8.
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Fig. 7. The coefficients c for the Fig. 8. The exponents m for the
two contacts two contacts

In fig. 9 and 10 are shown the dependency R,=fF) and R,=f{F)
for the contact members 231 and 241.

62



e
/
FELE
vl

/
A
B

- NS i e
N ® “'LI-._.“—I - ] — 1
] Nk TS W i LS - FEPY S 8 DRI [ AR KR
.IH F - - rI“ - L] - L] .) o - L] 'I“ - ] - L]
Fig. 9 Dependency Ri=f(F)and . Fig. 10 Dependency R,=f(F) and
R,=I[(F) for 231 : R;=fF) for 241

In the next table the following notation of the roughness
parameters are used:
| |
e  ra is the arithmetic mean of the absolute values of the profile
variations from the mean line;

. rz is the ten-point height of irregularities;
. rq is root-mean-square deviation of the profile and the grii .
are the following:

Gl = 100% W > 50 pm;
G2 =70% W > 50 umi + 30% W8 + 20 um;
G3 = 70% W > 50 pml + 30% W6 + 12 um;
G4=]00%W6+12|m. , o

The correlation matrix of some parameters from tab. 1 is given in
table 2. A large comrelation was stated also between m, and ¢, {0.78) and
very small between mj and ¢, (0.15).
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Table 1. Experimental results

No.| G| Fsim |[Bav] T c my | e | my R, &, P fay | /=y [ Ry | res | R | R
fifiemaj sint [mR] | (m2] | (u@ |iww]| (wm] | (pom]}ifpm]{ [um] | [pm]
[*Cl m]
132|G2| 3 H |1250]10.637] 0.12 16.339]0.158[0.2719]0.2952[0.0563] 0.47 | 3.96 [0.61]2.47]18.40] 4.19
141/G1] 4 H [1250] 1.527 J0.123[0.781 [0.262{0.5105[0.21 71 [0.0873[ 0.3¢{ 2.77 [0.49[ 3.96]26.31[ 5,15
i62|Gl] 6 Y | 1350 4016 [0.212]1.33943.316]0.2663[ G079 00580 0,71 [1O.91] 1.31] 1.45]18.16] 2.79
22(G3| & H [ 1250} 4597 |0.237{2.104]0.724]0.3728]0.1237]0.0600{ 0.63 | 6.39 [0.89}3.05[16.95] 3.72
132{GI| 3 V_[1350] 2.448 ]0.252]3.929]0.390f 0.36) | 0.146 |0.0530{0.79] 6.69 | i.14[297{17.22] 1.7
331|G2 3 H | 1250 ] 4.700 [0.526]0.34610.282] 0.256 | 0.058 [0.0576[{0.76] 6.99 | 1.11]5.78]|31.04]| 7.22
242|1G3| 4 ¥ [ 1350 6.871 |0.424 |0.775]0.159] 1.649 | .09 [0.0750)0.49] 6.57 {082 | .08 | 19.57] 3.39
wz2iGa| 4 H | 1250 4.202 |0.438F1.287]0.363] 1108 | 0.110 [0.0599{0.35] 3.14 [0.5112.92 | 18.65] 1.6
J1]G2] 4 H | 1250] 1.268 [0.482]2.485]0.220] 0419 ] 0.169 [0.0585[ 058 | 844 | 1.02]3.82(22.31|4.77
431|1G4] 3 V 11350 4555 [0.504]1.34530.237] 0.761 | G.080 [0.0700] = - . o . -
165(GL] 6 vV | 1350] 95491 |0.517]0.607]0.047] 1.106 | 0.032 [0.0630{0.89 5.74 [ 1.10]3.62]21.80]4.52
145(Gl| 4 V | 1350]24.122]0.537]1.420{0.140] 2.022 | 0034 [0.0580] * | = [ ¢ | = | *+ | »*
261|GI] & Y | 1350 | t0.687[0.343]0.474 [0.147] 1.913 ;| 0.061 JO.0600]0.71 | 5.36 | 0.50] 3.44 | 19.30] 4.18
412(Cd] 1.5 H ji250] 8.414 [O397]0.79[0.297] 1.156 | 0.876 |0.0663] 092 6.67 | 1.16]2.92 | 19.66) 3.75
42)|Gef 2 WV | 1330] 8414 [0.597]0.799]0.297} 0.689 | 0.204 [0.0800] 0.26| 2.00 [023]3.04 [ IB97(1.77
411iG4] 1.5 WV | 1350 :6.56510.670] 1.036(0.301| 0.493 | 0080 [0O0530] 026 210 |0.34 ] 3.78 [21.04] 4.69
241G3 4 H 1250 |21.87700.724(2.21770.548] 0.784 | Q032 (0.04000 1,46 914 | 1 .80 3.33|149.10] 4.06
23|Gy 3 H 11250} 3.096 [0.313)0.89%0]0 226/ 0.852 [0.228 [0.066uf * | = | * | = | « | »
4221G4 2 Vo LASO|58.62810.974] 1. 50402631 1,417 ] 0.029 (0060 0.51] 4.79 [0.76]| 2.89 [ 18.72] 3.6 |
161]G 1 f H 1250 | 78.523{0.978]6.552|(+322] 0.312 | 0.084 0.6590] 0.46 | 1.22 j0.57 ] 3.79 | 24.66] 4.87
Max } 78.52 | 0.98 j 6.55 |0.548] 200 | 083 | 0.66 [ 146{1091] 1 B0: 578 /31.04] 7,22
Avg.| 1435 1049 | 185|026 [ 084 | .15 | 000 |0.63 | 5.58 | 0.57 ] 3.37 | 20.85] 4.27
a | 193 ]023] 173010 056 | 019 | 0.13 [0.30] 254 [o3s|o85] 3.73 | 0.96
ot | 134 [048 ) 0.9 | 04D | 0.67 | i24 | 148 (047045 |044]025) 018 (0.22
Table 2
G F T p ra) 7 rq1 ray 73 gy
cl -0.04 | 0.09 0.01 001 { 007 { 024 | -0.15 0.02 0.09 0
il 0.31 0.5 | 0.14 0.06 008 | -0.17 | -0.02 ; 0.15 0.16 008
£2 037 | 0.14 | -030 | -0.i19 | 006 | -0.10 | -0.09 | 0,02 | -0.14 | -0.07
m2 0.14 { 024 | 029 | 044 | 032 | 0.16 030 | 0.13 | -006 | -0.10
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Fig. 11. Exponents m versus the coefficients ¢




CONCLUSIONS

Theoretically the contact resistance is given by the formula (9),
where the exponent m is equal to 0.33 for elastic deformation and 0.5
for plastic deformation [1]. This result fit satisfactory (in spite of large
variance) with experimental data in the case of sphere-plane contact
(fig. 7, tab. 1), for upper contact in fig. 4. In the case of flat contact
surfaces the expenmcnl shows that the exponent m is often much less
than 0.33. The mean vaiuc is 0.26, with smaller variance. This fact can
not be explained by statistical theory, which considers the unevenness
height normal or umfann distributed. For this distribution the resulting
values of m are, genera]ly larger than 0.33 {fig. 2 and 3).

The sintering compression force has no influence on the contact
resistance. The expon;e:nt m in the case of sphere-plane contact has a
small dependency on the granulation level (correlation = 0.31) and is
independent on the surface irregularities and material resistivity, while
in the case of flat contacts there is a small dependency on the mean
irregularities height (corr.= 0.32) and on the resistivity (corr.=-03.4:1,
The coefficient ¢y can depend on granulation (corr.=-0.2"

stntering temperature (corr.=-0.3)
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