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EFFECT OF TEMPERATURE ON CONDUCTOR CONCENTRICITY IN
A BENT RG-18/U CO—AXIAL-CABLE'UNDER UNIFORM VIBRATION
_ By A
F. W. Marsh#

\

‘SUMMARY OF RESULTS

A series of ten tests was performed on short
lengths of RG-18/U cable, bent through 90 degrees, with
radius of appfoximately 6 in. The cable was fixed at
one end and vibrated laterally through % 0.2 in. at the
free end in the plane of the bend, at temperatures
ranging from 200 to 300°F. Adopting 20% or more shift
from concentricity of the inner conductor in less than
1000 hours as the failure criterion, the critical tem-

perature was found to be 220°F.

*Scientific Officer, Physical) Metallurgy Division, Mines

Branch, Department of Mines and Technical Surveys, Ottawa,

Canada.,
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INTRODUGTION

 In a letter, file No. NSC 7401-500-7 (EEC),
dated 25 October 1956, from the Naval Secretary, Department
of National Defence, Ottawa, Ontario, the Physical
Metallurgy Division of the Mines Branch was requested to
carry out a series of tests on RG-18/U co-axial cable to
determine the effect of temperature on conductor concén-
tricity. Failure of cables in service, due to extreme
eccentricify of the conductors, occurring at a bend in:
the cable where it was clamped to a mast near the funnel,
prompted the request for the tests.

During subsequent discussion it was suggested
that the tests be made on cable with a 90° bend, whileée
it was subjected to vibration of constant amplitude and
frequency in the plane of bending. This test procedure
wes decided upon as a reasonable approximation of service
conditions. It was agreed that a 20% radial shift in the
position of the inner conductor would constitute failure;
| METHOD OF TEST

. The only furnace available for the investigation
would accommodate a cable length of not more than about
20 in. Since it was deemed desirsble to simulate the
constraining effect of a long cable (50 or more feet) on
the axial movement of the inner conduFtor at the bend,
it was necessary to fix the inner conductor secﬁrely to
both the dielectric and outer conductor at each end of

the short length. This was first attempted by drilling



diametrically through the armour,  jacket, outer conductor,
dielectric, and inner conductor, and fixing the ends with
“taper pins, Since it was . planned to measure, if-possible, -
chenges in capacity during progress of the tests, it_ﬁas 
necessary to insulate the pins from the outer coﬁductor{_;
and armour with an €poxy rqsiﬁ. The method proved to be
ﬁhaatisf&ctofy, however,”becausé of excessive softening’-l
of the dieleétric at the hiéher temperatures, and conséqgeht
axial movement of the inner conductor._ The. ends were
finally fixed satisfactorily by exposing an inch or two

~of the innen,conduqtor at either end,,and.capping‘thg
Qntire ends in epoxy resin as shown in the photqgﬁaph,,‘ S s
Figure 1. (The end caps can also be seen in Figure U.)

The ends were fixed with the cable length straight, in
order to simulate the stresses imposed at a behd in_a long
éablel The cable was then clamped, near one ené, to a .
brass.framework'buylt to it inside the furnace, and bent
through 90°, with an inside radius of approximately 6 in., . -
A pivoted comnecting rod, driven by an eccentnic; was
clampéd near the free end. The eccentric was adjusted té.
vibrate the "free" end of the cable in the verticsl
direction through * o, , 20 in, at a frequency of 300 z 50 Cpme
The furnace temperature was malntalned within about < u F .
AThe general arrangement of the apparatus 1s shown in : ' °

Figure 1, a photograph taken at the end of a test.






"~ An attempt was made to monitor ahy'shift in thq,'
"inner core during the tests, py means of -a continuous
measurement,of'capacity between the inner and outer'con—~
‘ductors. The capacities of the test cable and leads to a
- capacitance bridge were calculated from equations (b) and
(d) of the appendix to this report (see pégesA12,13) and it
appeared from phese results that a 20% shift in the position
of the inner conductor might be just detectable in the
capaciﬁance measurement. .In’practice,'hcwever, it was
found that the very small absolute change,in.capacitan@e'
was obscured by variations in dissipation factér of the
dieleétric with temperature, so this method of deﬁ;rmining
inﬁer conductor shift was abandoned.. No 6ther methods of
contiﬁuously monitoriné inner conductor position were
-investigated. ‘During each test, the entire frame holding
2the cable was removed at approximately 100 hr 1ntervals,
end the cable was radlographed to determine the p031tion |
'or‘the inner.conductor.
 The £11ms were examined, and any shift of more
then 20%, in the position 6f the inner conductor at the
'bend, was éonsidéred as failure., Tests were discontinued

if no feilure was observed after approximately 1000 hours.
RESULTS OF TESTS
: Assumlng the dielectric constant (K &—) of

polyethylene to be 2.25 and the permittivity of free space

o-12 -12

€, to be 8.85 x 1 farads/m, then € = 19.93. x 10

faradq/m; Substituting this value, and using;g~cab1e




length of 0.42 m in the capacity formula (Equation (b),

‘Appendix), the capacity of the No. 2 specimen is'ug>uuf

bef'ore test.

The capacity after test was determined to be
hé;S puf, from Fig. 8, which is a plodt of capacify'peﬁ':
met¥é against distance along the ceble. The capacity per
metre was determined from measurements of inner condudtor
shift (D) on the radiograph (Fig. 3). The capacity of the
test léads, computed from equation (a) was 27.4 puf: hence
the total capacity changed from 69.4 to 75.9 puf. Thé ‘

measured change, using a Heathkit Capécity Metef; whiéh-,

had been checked against a G. R. Impedence Bridge, was from -

66 to 69 umfd. The dissipation factor, measured on thé;G;Ra
bridge, varied between b.oo1u and 0.0052, depending on
temperature, with no inner conductor shift. Although An'
inner conductor shift of the magnitude, shown in Fig. 3;
was readily detected by capacity measurement, it may be:
computed that for a small shirft, for examﬁle 20% shifﬁfbﬁer_
a length of 5 cm, the increase in capacity is only O.éé uuf,
which could not be detected with certainty, considering
the change in dissipation factor.

Results of measurements of inner conductor shift,
made, on radiographs, are given in Table 1. PFigures 2, 3,
L and B‘are prints from typical radiograsphs, arranged in
order of increasing temperatures, each having been taken at
the end of a test., The first radiograph taken after
commencement of a test showed that the curvature at the

bend, which was initiallj uniform, increased noticeabiy




‘near the fixed clamps and decreased farther out, Further,
-the fixed clamps deformed the outer conductor.‘ This was '
probably due to soften1ng of the dielectric with increased

temperature, since the effect was not observed on radio—‘

graphs taken after the cable had been clamped for 65 hours'

rat room temperature. No action was taken to alleviate

these conditions, since it was felf that similar'conditions _

wou}d occur-ih service,
| TABLE 1
Results of Tests

Tgm . Inner Conductor Running Time Test

F) 5hift (hr ) No. ' . Gable
"200° o 623 1 A
210 ' o 1004 3 C

215 -0 998 N c
220 80% 173 2 B
220 0 | 1004 5 c
220 - 0 , 1030 8 E
225 20% o248 7. D
225 3% 120 9 E
230 . .. 70% . 99 6 c
10 A

300 90% ‘ 29










DISCUSSION OF RESULTS

It appears, from Table 1, that a sudden drop
occurs in mechanical properties of the dielectric at
approximately 220°F. At this temperature, three tests were
madeé: testsAQ énd 8 with new cables, and test 5 with a
cable ﬁhat had previously run 2000 hours at lower tem-
peratures., Tests 7 and 9, at 225°F, were also made witﬁ'
new and previouély tested cables, respectively. Test 7
was continﬁed after failure, snd showed 100% inner con-
ductor shift after 505 hours (Fig 5)., Test 2 appearsvto
have given anomalous results, but this is probably due to
statistical variation in the critical temperature, which
is teken to be nominally 220°F. During all tests, tem—
peratures were observed at 24 hr intefvals, with more
frequent observations during the initial 6 hrs. Oh a8 few
occasions, temperatures were observed to vary by x i 7O
from nominal, but in general they were maintained within
% 2 F°, Thus, although facilities were not availahle for
continuously recording temperatures, it is considered

unlikely that the short life of test 2 would be due to

lossﬂof'temperature control.

FWM: ( PES ) : KW (An sppendix follows
: (on puges 10 to 15
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APPENDTIX

CQQacitance Calculations for Co-axial Cable
' Although this appendix, and the discussion above
on capacity measurement, are not pertinent to the test |

results, they have been included in this report at the

request ‘of the office of the Electrical. Engineer-in-Chief,,

Naval Technical Services, D, N D., Ottawa.

Fig. 6
"‘Referring to Figure 6,’assume twq lihé«charges
of +q and -q coulombg/m at X = ia, y = O,  Then the
| potential at any poinﬁ P(x,¥) is

Vp = Zqi 1np1 o 1“‘"“'.}.'




1

For the locus of P to be asn equipotential, i,e. Vp = conste,
P
in —2 2r& = C, where € is a constant
P, a4 p =

§p2; gx + az z
b

(x - 8)2 +

.2.(x + ak)2 + y2 = az(k2 - 1)

26
20

1 4+ €
1 - &

where k = .= =coth C.

Hence the locus of P is8 a cylinder of radius

p I iaqkz - 1« Xg cach c

with centre at x = ~ak = a coth C
y =0

On any equipotential ‘cylinder, VQV = 0, and
hence the cylinder can be made con&ﬁcting without
affecting the field, The cylinder then carries
3@ coulombs/m and con therefore bé connected to the
neérest,line charge. In the caese of two eylinders on tﬁe
same glde of the y axis, the cylinders could be the
conductors of a cowaxial ceble, truly co-axial when
D = Q. For one cylinder on elther side of the y axis,

they form a parallel line.

Py
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I. Co~axia1 Cable

D=x, ~ x1‘= Z(a coth ¢, ~ a coth C1)A

2 2
- ‘
(a). ) Ta =% acechdy
r, = ks a csch C-
2 - 2

Note that the + signs met be used when both cylinders
are on the +x side of the y axis, and vice versa. ’ﬁence;'

ifr,>0P

< g ; ' . >
5 o vl 'vpk’ ~legls leyl, and'..lcotn 02'

2
| coth C1f; so thet D, r1; r, will always be positive.
From equations (a), ~(r2 cosh C, - r, cosh C,)= D

--(r1 sinh C, - ré sinh Cpo)= 0

Squaring and subtracting:

2 2 | Y-
}r1 +r,” - 2r,r, cosh(CQA— 01) =D
| 4 D2 -2
S, G, = C, = cosh R ,

172
‘The capacity per unit[length between cylinders

18 =3

vy e but Vs Eig— C, . the capacity per.
Po. Py - . ' B
. : . ‘ . o
unit length is -~ 2 2NE — e(b)
_ C,~C 2 2 2
| 2 7 ¥4 - DE=r S-S
. cosh . TEr T S
172

in the units of €, which is expressed as'faradq/m in the
rationalized MKS system, used here,
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Bquation (b) is plotted. in Fig. 7, where ryy Ty
" are nominal values for RG-18/U, and D is in inches.

Por truly co-axial conductors, D = 0, and

h—1 P12 + r22 1 r,
cos = 1ln —%
2r1r2 ry

II. Parallel Lines

D = x1'— x2 = a coth C1 - a coth 02

(e) Ty =+ a esch G,
To 2
assuming X5 is negative. Hence 02 is negative, and again

- a esch ¢

D, r,, r, are always positive.

From equations (c¢),

r, cosh C1 + r2 cosh 02 = D
r, sinh C1 + Ly sinh 02 =0
Squaring and subtracting:
2 2 ~ e
r,< + r, + 2r,r, cosh (02 - C1) =D
_1' pe _ P12 _ r22
., Cp = Gy = cosh o7, T,

*the capsacity per unit length is:

- oRxE . :
0
» D% - P12_” r22
cosh 57T

12




m/

I —— = N8, - /
fy~ 340 . /

CAPRLITY fumeT LamTi -.*
T —

N V- ° .A 1.
Pig, 7 - Capacity per unit length xz

' plotted against D in‘inches8

for RG-18/U co-axial cable







