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~ EXPERIMENTAL STUDY OF THE
RESISTANCE OF FLAT CU-W CONTACTS

G. A. CIVIDJIAN¥*, lleana PASCU*, A. BUNESCU**,
D. M. MATEI*, Alin DOLAN*

*University of Craiova, RO-1100 Craiova, Romania,
E-mail: geividjian@elth.ucv.ro
**Electroputere Craiova

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.

Keywords: Contact, Pseudo-alloy, Resistance, Statistical
distribution. ' '

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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THEORETICAL MODEL OF THE CONTACT
BETWEEN TWO FLAT SURFACES

We will replace like in [2] the real plane contact surfaces by a
equivalent pair of pldne surfaces, one absolutely smooth and an other
mughlsh with umform distributed N Dy, - diameter spherical
irregularities on each 1 cm’ of plane contact surfacc area, having the
(l} hm = hl ;hz 1 O= ‘ﬂﬂ'lz +0‘% M o F =--——--——hil ma; -hj ' Dm = 1%]—5 !) .

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

considered normal

' [ (z- h)
2) f(z)-—ﬁ\/— J

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

—h 3/2
3 Px)= NEm/D I (Z "‘“”) f(z)dz

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

n(z) = im_ax_:h_ 2=l |, __ 1
A

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_hmaxy(Dm _z_x+}‘rnax)

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

2n

‘Jﬂ(Z)z_a(Z'x)z J;l(Z) - a(z,%)*
a(z, ) n(2)?

b)) R(z.x)-pl[ 1 arctg
a(z.x)
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The conductance and the resistance of multispot contact per 1 cm®
of contact surface, for the deformation x is given by previous formula
and the distribution of the random irregularities height:

Illlﬂﬁ f(z) 1
7 =N . =
(M G(x) - a{ _xR(z.x)dz' Ry (x) e

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
fo(2)=—— =5 P(x) = Ax3; G(x) = B-x!" = E{_)
R max ] A

(8}

A=0377———
Rinax 3hmax P
The variation of the multispot. contact resistance versus the

pressing force can be represented as follows
co AD.G

9 Ry= ;;;"; =5 m=10.6

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. 3 Exponent m versus the

unevenness heights ratio

EX?ERIMENTAL RESULTS

The setup of th?: measurement scheme is given in fig. 4.
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Fig. 5 A spherical unevenness



A sample 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;, c3, 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 ¢ for the Fig. 8. The exponents m for the
two contacits Iwo contacts

In fig. 9 and 10 are shown the dependency R,=f{F) and R,=f{F)
for the contact members 231 and 241.
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Fig. 9 Dependency Rj=f{F)and . Fig. 10 Dependency R,=f(F) and
R,=f(F) for 231 - R;=f(F) for 241

In the next table the following notation of the roughness

parameters are used:
| |

. ra is the arithmetic mean of the absolute values of the profile
variations from the mean line;
e rzisthe ten-point height of irregularities;
. rq is root-mean-square deviation of the profile and the grivi ..
are the following:

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

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).



Table 1. Experimental results

No.| G| Fsim |Eav.[ T o wy | o2 | mny R, K P fay | r2y [ orgy | ras | rTy | Pt
ffem2 sint [mQ] | im@] | (uQ |iwolf (wm] | {(pe)iipm]] [pm] | (o]
*Cl m|
332|G2] 3 | H |1250]10.637] 0.12 |6.339[0.138|0.2719]0.2952[U.0563] 0.47 | 3.96 [0.61 | 3.47 |18.40] 4.19
1G] 4 | A |2so] 1527 [o.2afo.78t[6:262{0.5105[0.2171 [0.0373] 0.39] 2.77 | 049 3.96126.31] .15
362]G2] e | v [1350] 4016 [0.212]1.33910.316]0.2863 f0.u791 J0.0580] 0.1 (1091 [ 1.31 [ 1.45]18.16] 2.79
262[G3] 6 | o [1250] 4997 |0.237]2.104]0.224]0.3728|0.1237[0.06001 0.63 | 6.39 [0.89 | 3.05 [ 16.95] 3.72
132]G1] 3 | v [1350] 2.448 10.252[3.979]0.390] 0.36) [ 0.146 [0.0530] 0.79[ 6.69 | 104|297 17.22[ 370
331[G2] 3 | W |1250] 4.700 [0.526]0.346]0:282| 0.256 | 0.058 [0.0576[076] 6.99 | 1.1 | 5.78|31.04]7.22
242[G3[ 4 | v [1350] 6.871 [0.42¢]0.775[0.159] 1.649 | 0.099 [0.0750]0.49] 6,57 {0.82 | 108 [19.57] 3.89
342{G2| 4 | H | 1250] 4.202 |0.438}1.287[0.363] 1108 | 0.110 [0.0559] 0.35f 3.14 | 0.1 2.92|18.65] 3.6
341|{G2[ 4 | H |1250] 3.268 [0.482(2.485]0.220[ 0.419 ] 0.169 [0.0585| G.58 | 8.44 | 1.02| 3.87[22.31| 4.7
43t|Gd] 3 | v |13%0] 4355 [0.504[1.345(0.237| 0761 [o080f00700] = [ * [ * | * | * | *
165]/Gt] 6 | v |1350] 5491 |0.517]0.607[0.047] 1.106 | 0.032 [0.0630] 0.89 | 5.74 | L.10 3.62 |21.80] 2.52
us|GI| "4 v |1350]24.172]0.5371420f0. 040 2022 [op3d [o05s0] * | *~ | * [ = | = | *
26LG3] 6 | v [1350]10.687]0,543]0.474[0.147] 1913 0.061 [0.0600]0.71 | 5.36 |0.90]| 344 [19.30] 4,18
a12(Ga] 1.5 | H {i250] 8.914 [0.597|0.795[0.297] 1.156 | 0.876 |0.0663] 092 | 6.67 | 1.16] 2.92 | 19.66 3.75
42)|Ga] 2 V [ 1330] 8.414 [0.59710.795[0.297] 0.689 | 5.20¢ [0.0800] 5.26] 2.00 | 0.33 | 3.04 1 18.97| 3.77
a1lGa] 15 | v |1356]46.565]0.670] 1.036[0.301{ 0.493 § 0.060 |0.0530) 0.26 | 2.10 | 0.34 | 3.78| 23.04] .69
21|G3] 4 H 11250]21.877]0.724]2.217]0.548] 0.754 | 0.032 |0.04000 1.46 ] 9.14 | 1.50] 3.33 | 19.10] 4.06
231|Ga] 3 H 11250] 3.006 |0.313]0.890]0.226] 0.852 0228 [0.0660F = { = | ¢ | s | « | »
492Ga] 2 v [ 1350]58.628]0.974] 1 504 0.263] 1.417 | 0.029 [0.0600] 051] 4.79 [0.76 [ 289 | 18.72[ 3.63 |
1611GL| 6 N | 1230]78.523]0.978]6.552[.322[ 0.312 | 0.084 |0.6590] 0.46 [ 3.23 | 0.57 | 3.79|24.66| 4.57
Max.| 78.52 [ 0.98 ] 6.55 [0.548] 2.02 | 0.88 | 0.66 | 1,46]10.91] | 80]5.7831.04] 7.22
Avg | 14.35 [ 049 [ 185|026 084 | 0,15 | 0.09 |0.63] 5.58 |0.87 | 3.37 | 20.83]4.27
a [ 153 [o23 [ 173 o0 056 [ 009 | 0.13 [030] 252 (038|085 ] 3.73 | 0.96
o* | 134 [048 094 va0| 067 | 124 | 148 {047] 045 [044]0.25]0.18 [ 0.22
Table 2
G F T p ra) 7] & rdy 22 42
cl -0.04 0.09 0.01 .01 -0.07 0.24 -0.15 0.02 0.09 0
sl .31 0.[5 Q.14 0.06 008 | -017 | 002 § 0.15 0.6 0.08
c2 -0.37 0.14 -0.30 | -0.19 006 | 0.10.| 0.09 0,02 -0.14 -0.07
m2 [ 014 | -024 | 029 | 044 | 032 | 0.16 [ 030 | 0.13 | -006 | -0.10
1 T 0.¢ T T T
ot Y o -
+* m: GF o
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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 [l] 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 expenmcnt shows that the exponent m is often much less
than 0.33. The mean value is 0.26, with smaller variance. This fact can
not be explained by statistical theory, which considers the unevenness
height normal or umfonn distributed. For this distribution the resulting
values of m are, gencrally larger than 0.33 (fig. 2 and 3).

The sintering compression force has no influence on the contact
resistance. The exponfent 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.=-0.4:%,
The coefficient ¢2 can depend on granulation (corr.=-0.27

sintering temperature (corr.=-0.3)
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