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DEFINITION OF RESEARCH PROBLEM

The Importance of Cable Crossings Research / Economical concerns

® Cable crossings are inevitably found in urban areas
as a result of growing complexity of underground
cable systems

Project interests \Technical Factors

® Effect of ground conditions

. . ® Deeply buried
® Mutual heat reduction / optimize P

thermal performance ® |arge vertical spacing

bet i
® Accuracy of IEC 60287 EWEEN clossing

clrcuits
\ Economical Factors

® Dangerously high temperatures can occur at
crossing points, resulting in premature aging of
cable insulation and potentially cable failures

® The only existing explicit rating method is IEC60287 «ut = ‘@
. . . . . . s ._‘:/",,.'- vy ’, . 4
(analytical), but its application/accuracy is restricted | =g A\
by idealistic assumptions A

® Redesign both circuits

® Minimize risk for best performance

QUESTION - Are there any alternative methods B .* <K Vo \l _, ® Minimize ageing m‘;

WhICh. can be applled to a(.)Cl,.lra.tely .rate cable & V ‘?g“ ‘ ./ : ® Minimize Cap|ta| expend|ture

crossings with more realistic environmental EEE o™ R UG,

parameters? RS - = SEUS ColoIE GOsEIE) I MO L e Need to find a compromise between maximisation of power

(www.dstar.org/research/project-desc/UG-cable-ampacity) transfer and economical concerns

DEVELOPMENT OF 3D FEA MODEL

Example Cable Crossings Numerical Modelling

. - 2 Surface: Temperature (degC . . -
® Conductor size: 800 mm f e vnon ® Model size: 7.5x 7.5 x 7 m (LxWxH) @ Side wall boundary condition:
Copper conductor: Dc=34.7 mm homogeneous soil, Ps=1.2 Km/W thermal insulation/symmetry
XLPE insulation: Di=72.6 mm N
Lead alloy sheath: Ds=78.5 mm . @ _Ground surface condltlong: | _ H_eat sources : Joule loss,
PE serving: De=86.8 mm |sotherrr_1al at 12 / 1&_30C, still air dielectric loss, sheath loss
_ o convection, 1 m/s air convection,
® 2 x 132 kV single-core armour-free 10 m/s air convection )
cables crossing at 90 degrees N "
. ® Bottom boundary condition: . g P e e ey
® 2 x 132 kV three-phase circuits locally fixed temperature(surface) ¢ insulation boundary condition atthe
CrOSSIng at 90 degrees {19 P d’ g% gzli)rl‘iz end 7.5m away from the crossing
| T(local) = T(x) + - X Wt X lng
® Burial depths: . T ”
(upper Cable) 05m& Ps = soil thermal resistivity, Km/W o
' Wt = total losses inside the cable, W/m % >—o—0—o0 9
0.75m, 1.5m, 1.25 m (lower cable) | 7 d = distance between the point under consideration L T N
(U pper Cable) 1m & 00 allaGEs, _ and actual bu”efj cable, m _ _ Figure 3 - temperature plot along length of the hottest cable
1.25m, 1 m, 2.25 m (lower cable) Figure 2 — example temperature plot on bottom boundary ~ d = distance between the point under consideration
and image cable above the ground, m
i : Volume: Temperature (degC) .
Single Cable Modelling Results g v @ EXtend single cable
. crossing model to three-
Maximum Crossing Temperature Plot for Various Burial Depths and Ground Surface Conditions phase Cl I’CU |tS CFOSSI ng
L ' ' ' ' | —v— isothrmal 15degC,with DF 80
L I -=w+ isothrmal 15degC,without DF | _ _ i
108, e - stil air:::ggegg;,wi:: OF ® Applying Derating factor 170 ® Trends match single
e, e, -=4-- still air egC),withou )
& WO e e arsaegowmor (DF) from IEC60287(Std) cable case but over-rating
P el TAmINmSlmZ, | reduces temperatures, increases
e S N S S but still above 90°C ® Because the total heat
% 400 """"""""""" """""""""" "‘i ® The magnitude of the generated is increasing,
E 98; """""""" """"""""""" """"""""""" """"""""""" """""""""" | excess temperature B QFOUﬂd condition IMPOSEeS
S S i e S BN WU T N— depends on ground : a stronger effect on the
o oo boundary conditions < overall crossing thermal
o % a ——— ; 3 — °° performance
0.50.75 0.5/1.5 Rt Figure 6 — volume temperature profile of two three-phase

burial depth in m (upper cable/lower cable) bl . £90 d
cable Crossing a egrees

Implication & Further research

Figure 4 - crossing temperature plot for various burial and ground conditions part 1

115MaximumCrossing Temperature Plot for Various Burial Depths and Ground Surface Conditions . The |Sotherma| ground bOundary assump'“on |n IEC60287 for
! ! ! ! ! [ |——isothrmal 15degC,with DF . . - g . .
""i‘:,‘“”'(‘f;;""’g?‘:"f;‘g‘;“‘DF ® The match between FEA crossing rating calculation is necessary for quick analytical
S, - |=+=still air egC),wi ;i ) )

O G S B o | stitaiisdegC)withoutOF ?”d IEC 60287 results_ calculation. However, it reduces the accuracy of calculations for

B el i iisdeqo)without OF Improves with increasing practical applications.

§ ’f==m.,;;;t-l-.'.'.::-.:..‘f,_._ - |~ 10m/s air(15degC),with DF : : - _

S0 T e oo 10TV 20(15degC), without DF b urla_l debptrt1 and vtertlcal ® Ground surface condition has a strong effect on crossing thermal

: .,..........................'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.:'.'.'.'.-.'-.'-,'-,'-,'% =ipetely e_we_ten WO performance so that an understanding of its effect is vital for

R 100 IS S S NS S S S S S— ) crossing circdits accurate rating strategy.
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S TQ'S LS ?ltjhe to the r;duced ® Further study will focus on how good Is IEC60287 can be applied In

R e e S S . S S — 4 chiect ot the groun crossing rating problems quantitatively.

condition surface with

/) SSMSSS SN S . S increasing burial depth
burial depth in m (upper cable/lower cable) CO ntaCt details :
Figure 5 - crossing temperature plot for various burial and ground conditions part 2 University of Southampton, Highfield, Southampton, SO17 1BJ, UK
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