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WIRE ROPE SUPERCONDECTING CABLE FOR
DIURNAL LOAD LEVELING SMES

Ge A. Contelln
Departnent oF Theorctieal and Appliud Mechanicu
Univernity of Illlnoin at Urbana~Champalgn
Urbana, Illinnly 61801
i

APSTRACT

This paper Is coneerned with the design of a wire rope cable fur a supercondieting map—
netle cnergy  storage (SHMKS) unite The wupereeaducting wires in the ropu perait the passagy
of larg currents In the relatively mmall conductord of the windinge aml  henpese  cause  arge
eloctromagnetle forces Lo aclk on the ropee The diameter of the rope, from o strength polat
of view, can be conshidenibly reduced hy supporting the rope at various  polnts  alany  I1te

i
JRTRODPCT N AND SIMHMARY .

The  hipgh sagnetie ({elds of Large GMES devices produce very Large outward tarces un the

mupereondacting wiren: e sueh desdgn ta resiat th lurees would bhe Lo support the suaper-

comduct lnyg, wires with a wire ropea e syporcondnct ing wices eould be wrappod hedeally

aronml the ontshide of a stalnless teel wie rope, '
L} 1

THmre 1ol o osehorat Le drawim, ol a r--|;c- toaded with a Tures -|u-r unit lengthy  pa
The toree,  py pegosndt length actys noratl to the detoread conterslm ut the rope. e dare
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length apacing, s, of the support puints is determinea by the radius, R, tu the support
points and the number of supports, n. Hence
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An cxanination o Fig.s 1 ylehds the tollwing equat {ons

g-nq.:. (R

b rn - I-'-* aml
Nt 5 0

(bt r)nin b= (Kb ) uin -

-

Whers Lo s the Hioal stretobhed beng?h of Lhe tope between supper® e fie ateoeve 1 bt an
were deteratned by neplectingg Che bending st waa ol the wire dape anmd thne
rectinn of the rope to detorm Into a wegient of o efrelbe.

Flpare 2 ghows the general toading svatea arttap on a wlee aepe shilcoh s de? aad ant g

clrinlar negpent of radias, g F oaml Mpoare the aalal torve aml gl 1w
respes tively, and My bs the bomling morenl applled 1o the pgpes The fal g
unlt lenpgrh met e applfed ta kbeop the rope an equilthr e o wrnenal, 4 s
be neploctied (n this analysia.

wthiey, more nt,
i, a1l

wit ' wi bl

The component pattu of a wlte rope ate shown In 1e b N ocore o the pope wil] ey
fu var present deafpgn,  anether wlie o st paml, Aldit bomal sty wl'd In wrapeed
helleally arod the cote ta provide the repuined strenpth.

The aglal tonco, Fyodn the vope f0 plven b the equi b e eequat Len
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Fipe 2. Wire repe loading system. Fig. 4. Wire rope components.
The axlal t ree I8 also glven by the expresslont
(L* -L)
F - .\I-'. ettt - :\!'.. » (7)

where A Is the metallie area of the rope, B g the sodulus ol elasticity of the rops, L, s
the unstretched length of the rope hetween supports, amd 3 s the aklal sttain In the rope.

Reecent  Invest lgat fonsd V9% 0% have alin that the largest tenslle strenses ocenr In the
coenter wire it the restded gyiressos are neglecteds The axlal stralpht wire (o the center of
the rope will recefve the largest anlal stress and the largest stress doe to wending.  The
stresdes In the nearby wires are clase To the dtresges In the conter wire, and, heme, the
conler wire stroowges will be uged as o banis 1or desipgn. The miximin tensi e wtreswes (n the
coater wite are glven by the expression

mia L ' ’ (M)

where bl th mudilong of elasticlity of the miterfal tn the 1ope, ¢ Is L conter wine
roltus, aml 04 the radius, ol cutvatute of the eenter wiree  For the catvatures uden

coedderat L .n the stresses lne to bepding il be pather Large unless the wioe sadins, ¢,
very weal .

Coonlder,  tor example, o wire rope conndating of a7 2 19 wiee 1ope core g aund whilch
will be wreapped helfoally adn atrands consiating of 7 x 19 wite topee Thin process can e
contined  unt {1 the pequired area 14 tormeds The next laver wonld contaln twelve st vaml,
etes e, fig exmmple, the total mmber of wties In the rope b plven by



133 + 6(133) + 12(133) + 18(131) = 492}

Asnuming the same wire radius, the arca is given by the expression,

A= 4921 » we? (9,

Values for the wire rope superconducting cable representative of a typical 1 to 10 (wh
diurnal lead leveling SHES coll® have been chusen ta demonstrate the practical nature of a
wire rope cable. The example presented i not an optimi{zed design. Let R = 2598.43 in. and
8 = 78.74 In. TMe angle R 18 then equal to 1.735%  Llet the lnad per unit  length p  equal
1341.67 1b/in., the value of r7 equal 15 in., and 2 = 507. Equation 3 determines O and Eq. 5
deternines g Meuce # = 45,1327 and p = 34,245 In.  Let the metalltie area cequal 1.15 in.?
and E = 13,000,000 psl. A very safe working stress limit of 100,000 psi was chosen for the
wire Ln the ropes, The yleld stress for three=quarter hard 3U4 gtainless steel Ls 17u 000 pai
at liquid ueliom temperature. The 0.008h2 {n. radius wire will more nearly be full hard with
3505 vuld reduction with a yleld stress near 220,000 pyi.  Equatlons 6 and 7 yieid a atraln ¢
equal wo 0.00T47, Since  the area is 119 da.d, Iqe 9 yields ¢ = UO0OKL! ine The maximun
tensile stress is then pfven by Ko R and hence

Opux = ' Ou g (uhingnl) 4 .J.(.'.!_"_“-'!'-'-'l"-;';L"‘.I!"""?""

LR I SULIE I E 5 ML MU THLRTYS B B ST NIRRT N |
The tinal lengtl of the rope between supports (s given by Ly 4 hener,

Lo 2B 2aS ORI b 1) - Ry g
vl the wrlgloal Tength of the rope between sapportys s
L, = P M g,

The diareter of the rope 5 TR Ines amd the beaning stiesses on Che sapport s

Ve sian

Al LI .
D vt ™ = MU0 pud.
In trlng lati o Jah] |



CONCLUSION

A method uf deslign has becen developed which will determine the nececsary diaensions ol a
wire rope udsed as a support strucrture for superconducting wires. The design takes advantage
of the properties of a wire rope, that is, the ability to resist large tensile forces with
relatively wmmall bending wtiffness. A superconducting cable based upon a wire rope for use
in a diurnal load leveling SMES unit provides a simple means of fabricatlion at the SMES site.
Inherent in a wire repe is that cuntinuous lengths of cable can be made by very conventional
means at low coats without concern for making joints in either the suporconaucting striangs or
the wires of the rope.
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