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Background

= EPRI has been developing mappers from/to CIM to/from commercial
and open-source distribution and transmission planning and short

circuit analysis tools.

= |dentified gaps are being documented and proposals are being
developed.

= Focus is given to template data.

CYME Eaton Distribution, Planning

Synergi DNV Distribution, Planning

OpenDSS EPRI — Open Source Distribution, Planning, Research
One Liner ASPEN Transmission, Short-Circuit
CAPE Siemens Transmission, Short-Circuit
PSCAD Manitoba Hydro EMT
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Background

= The proposal herein focuses on Cable datasheet information.

= Use cases involve information exchange between Asset
Management and other utility enterprise applications such as
Grid Model Managers and planning (for power flow studies, cable
ampacity ratings calculation, etc.) and operation tools

= Process started with the intention to handle cable datasheet
information as required by some distribution planning tools

= As this proposal was being developed, modifications and
adjustments were made to handle additional information needed
for cable ampacity ratings following IEC 60287 series and CIGRE’s
TB 880
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Reference
UML Model

= As recently
updated by WG
14:61968-Part
4 Ed3 work in
Q4 2023

IdentifiedObject|
Assetinfo::Assetinfo

Part-4 New Classes::
ConductingAssetinfo

phaseCount: Phase Countkind [0..1]
ratedCurrent: CurrentFlow [0..1]

ratedFrequency: Frequency [0..1]
ratedVoltage: Voltage [0..1]

x
A

A

Part-4 New Classes::Conductorinfo

Part-4 New Classes::BundledCableinfo

+ additionalConductorCount: Integer
+ hasNeutral: Boolean

+ insulatedNeutral: Boolean

+ neutralSizeDescription: String

+ neutralStrandCount: Integer

+ neutralStrandRDC20: ResistancePerLength +

Part-4 New Classes:

| + crossSection: Area

| + massPerLength: MassPerLength

| + material: ConductorMaterialKind [0..1]
+ purpose: String

+ TrAC25: ResistancePerLength [0..1]

+ rACS50: ResistancePerLength [0..1]

+ TrAC75: ResistancePerLength [0..1]
rDC20: ResistancePerLength [0..1]

7

Part-4 Modified Classes::Wireilnfo

RigidBusbarinfo

Part-4 New Classes::

TubeBusbarinfo

+ outerDiameter: Length
+ wallThickness: Length
A

—

:

Part-4 New Classes::
PipeBusbarinfo

pipeType: PipeBusbarKind [0

cuas

Part

PipeBusbarKind

Schedule40
Schedule80
other

«enumeration»
-4 New Classes::

Part-4 New Classes::
BarBusbarinfo

Pa‘;t—4 New Classes::
/ AngleBusbarinfo

yA

crossSectiopnWidth: Length
thickness: length

|

Part-4 New Classes::
IntegralWebBusbarinfo

crossSectionHeight: Length
crossSectionWidth: Length
thickness: Length

crossSectionWidth: Length

thickness: Length A

+ coreRadius: Length [0..1]

+ coreStrandCount: Integer [0..1]
+ gmr: Length [0..1]

+ radius: Length [0..1]

+ sizeDescription: String [0..1]
+ strandCount: Integer [0..1]

«enumeration»

Assetinfo::WirelnsulationKind |
{

asbestosAndVarnishedCambric ‘
butyl

ethylenePropyleneRubber ‘
highMolecularWeightPolyethylene
treeResistantHighMolecularWeightPdyethylene
lowCapacitanceRubber ‘
oilPaper

ozoneResistantRubber |
beltedPilc ‘
unbeltedPilc

rubber

siliconRubber |
varnishedCambricCloth

varnishedDacronGlass ‘
crosslinkedPolyethylene
treeRetardantCrosslinkedPolyethylene
highPressureFluidFilled

other

«enumeration»
Part-4 New Classes::
WireConstructionKind

solid ‘
] stranded

‘ other ‘
1

«enumeration»
Assetinfo::

CableConstructionKind

compacted
compressed
sector
segmental
solid
stranded
other

«enumeration»
Assetinfo::
WireMaterialKind

copper

steel

aluminum
aluminumSteel

acsr
aluminumAlloy
aluminumAlloySteel
aaac

other

1

Part-4 Modified Classes::BareWireinfo

- wireConstructionKind: WireConstructionkind

Part-4 New Classes::Insulationinfo

insulated: Boolean [0..1]
insulationMaterial: Wirelnsulationkind [0..1]
insulationThickness: Length [0..1]

+Insulationinfo ablelnfo| _

Part-4 Modified Classes::Cableinfo

cableConstructionKind: CableConstructionkind [0..1]

«enumeration»
Assetinfo::
CableOuterjacketKind

none
linearLowDensityPolyethylene
pvc

polyethylene

insulating

semiconducting

other

diameterOverCore: Length [0..1]
diameterOverinsulation: Length [0..1]
diameterOverjacket: Length [0..1]
diameterOverScreen: Length [0..1]
isStrandFill [0..1]

nominalTemperature: Temperature [0..1]
outerjacketKind: CableOuterjacketKind [0..1]
sheathAsNeutral [0..1]

shieldMaterial: CableShieldMaterialKind [0..1]

A A

Part-4 New Classes::MultiCoreCableinfo

+ hasNeutral: Boolean
+ neutralSizeDescription: String
+ neutralStrandCount: Integer

+ neutralStrandRDC20: ResistancePerLength

+ phaseCount: Integer

«enumeration»
Assetinfo::
CableShieldMaterialKind

lead
copper
steel
aluminum
other

Cableinfo
Assetinfo::TapeShieldCablelnfo

+ tapelap: PerCent [0..1]
+ tapeThickness: Length [0..1]

Cablelnfol

Assetinfo::ConcentricNeutralCableinfo
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+ diameterOverNeutral: Length [0..1]

+ neutralStrandCount: Integer [0..1]

+ neutralStrandGmr: Length [0..1]

+ neutralStrandRadius: Length [0..1]

+ neutralStrandRDC20: ResistancePerLength [0..1]
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1 - Lack of flexibility to handle varying cable
configurations/layering and associated atiributes

= Cables can include multiple layers (anywhere from a single
insulation layer to 10-20 layers depending on the cable application
and customizations)

Electric Utility

PowrServ” XL Underground Distribution Cable
600 V Single Al Conductor XLPE Insulation, UL Type USE-2

T —=—

POWRSERV XL CABLE-XLPE INSULATION-600 VOLTS

SZE [NO.OF| NS. | Nom. | APPROX.WEIGHT |  AMPAGITY (2) PACKAGING

AWGOR | WIRES | THKN. | O.. LB/1000 FT DIRECT 1000 FT

CODE WORD kemil | (1) | INCHES | INCHES | AL | TOTAL | BURIED ‘ INDUCT |  REEL(3)
Princeton/XP 8 | 7 | 0060 | 030 | 25 | 44 95 80 | NR24.12
Mercar/XP 4 7 0.060 0.35 39 63 125 80 NR 24.12
Clemson/XP 2 | 7 |ooeo | 040 | 62 | 92 | 160 | 105 | NR24.12
Kenyon/XP 1 | 19 [ 0080 | 047 | 78 | 120 | 180 | 125 | NR24.12
Harvard/XP 1/0 18 0.080 0.51 99 145 205 140 NR 24.18
Yale/XP 2/0 | 19 | 0080 | 056 | 125 | 176 | 230 | 170 | NR24.18

Low-Voltage

Low-Voltage Power Cable

2

&

Product Construction:

Complete Cable:
600 V PowrServ® XL cables consist of an
aluminum conductor insulated with extruded
lead-free Cross-linked Polyethylene (XLPE).
These XLPE insulated cables are manufactured
and tested in accordance with ANSI/ICEA
$-105-602 and UL 854, listed as a Type USE-2
cable.
Conductors:
Class B or SIW compressed 1350-H19
aluminum
Insulation:
The insulation is black extruded lead-free
Cross-linked Polyethylene (XLPE).
Phase Identification:
Phase identification is provided by means of
white print legend markings and sequential
footage markings on the phase conductor.

Application: Source

Source: Nexans

© 2024 Electric Power Research Institute, Inc. All rights reserved.
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Conductor — usually copper

Conductor screening — usually extruded

Insulation — XLPE or EPR

Insulation screening — semi-conductive

Screen

Laminated sheath — aluminum tape and polyethylene
Optical fibres — optionally used for telecommunications
Fillers — as needed

Binder tapes

. Armour Bedding — polypropylene strings
. Armour - galvanized round steel wires
. Serving — bituminous compound, hessian tape with

polypropylene coloured stripe

Construction varies with manufacturer and seabed conditions, with
more armour added where, for example, waves and currents are strong

WWW.iSCPC.Org

Submarine Application: Source
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1 - Lack of flexibility to handle varying cable
configurations/layering and associated atiributes

= A thorough investigation of different cable types and applications

revelated the existence of typical types of layers

conductor XLP metallic wire
shield  insulation shield PVC jacket

Noubh WwWwN PR

Center Qutwards

8 © 2024 Electric Power Research Institute, Inc. All rights reserved.

- Conductor

- Water Blocking Layer

- Conductor Screen Layer

- Insulation

- Insulation Screen Layer

- Water Blocking Layer

- Metallic Sheath/Shield Layer
8-
9 — QOuter Sheath Layers

10 — Filling (MultiCore)

11 — Binding Tapes (MultiCore)

12 — Inner Sheath Layer (MultiCore)
13 — Armor Layer (MultiCore)

14 — Water Blocking Layer (MultiCore)
15 — Outer Sheath Layer (MultiCore)
16 — Skid Wire Layer (MultiCore)

Water Blocking Layer
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1 - Lack of flexibility to handle varying cable
configurations/layering and associated atiributes

= |ssue 1.1: Current modeling supports information for a limited number of
layers. Information on other layers, required for cable ampacity calculations
and impedance computations, is missing

- .
T [ polyet t
2 insu (1) C + C d S
Part-4 Modified Classes:-BareWirelnfo Part-4 Modified Classes::Cableinfo = Ore On UC Or Creen
- wireConstructionKind: WireConstructionKind cableConstructionKind: CableConstructionKir = other
diameterOverCore: Length [0..1]

(2): (1) + Insulation

+ diameterOverinsulation: Length [0..1]
+ diameterOverjacket: Length [0..1]
+ diameterOverScreen: Length [0..1]

y

isStrandFill [0..1]

Part-4 New Classes:-Insulationinfo nommaIlemperiatme(?l Tenn)erat'ilre [O.il[] ] + n r t n . n t_ n
- + outerJacketKind: CableOuterJacketKind [0..1 (4)' (3) A y | y b I
+ insulated: Boolean [0..1] +InsulationinfoZableinfo| | sheathAsNeutral [0..1] . a e S e Wee I Su a IO
+ insulationMaterial: WirelnsulationKind [0..1] | 0.1/ + shieldMaterial: CableShieldMaterialKind [0..1]

screen and outer most jacket

+ insulationThickness: Length [0..1]

AT . (3): (2) + Insulation Screen
Assetinfo lapoShl(‘ld(,ableln(fj)blemm

Part-4 New Classes::MultiCoreCablelnfo

hasNeutral: Boolean

neutralSizeDescription: String + tapelap: PerCent [0..1]
neutralStrandCount: Integer + tapeThickness: Length [0..1]
neutralStrandRDC20: ResistancePerLength

phaseCount: Integer

+ + t

Cablelnfo

Assetinfo::ConcentricNeutralCablelnfo Meta”ic Sheath/ShieId Layers.

diameterOverNeutral: Length [0..1]
neutralStrandCount: Integer [0..1] E' h T C H
neutralStrandGmr: Length [0..1] It er ape or Oncentrlc'
neutralStrandRadius: Length [0..1]
neutralStrandRDC20: ResistancePerLength [0..1]

i B R
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1 - Lack of flexibility to handle varying cable
configurations/layering and associated atiributes

= [ssue 1.2: Modeling of belted layers in multi core cables is not

supported

o
T T polyet
Part-4 Modified Classes::Cableinfo insula

Part-4 Modified Classes::BareWirelnfo semic

No attributes relative to belted layers

+ cableConstructionKind: CableConstructionKind [0..1]
+ diameterOverCore: Length [0..1]

+ diameterOverinsulation: Length [0..1]

+ diameterOverjacket: Length [0..1]

+ diameterOverScreen: Length [0..1]

+ isStrandFill [0..1]

+ nominalTemperature: Temperature [0..1]

= wireConstructionKind: WireConstructionKind

Part-4 New Classes::Insulationinfo

| Ty + outerjacketKind: CableOuterjacketKind [0..1] Cables
+ insulated: Boolean [0..1] Hinsufationnfo-ableinto| . - . thAsNeutral [0..1] lead
+ insulationMaterial: WirelnsulationKind [0..1] 0.1 0.1+ shieldMaterial: CableShieldMaterialKind [O.. cop
+ insulationThickness: Length [0..1] e
- = alur

oth¢

I [
Cablelnfo

Part-4 New Classes::MultiCoreCablelnfo
AssetInfo:-TapeShieldCableinfo

+ hasNeutral: Boolean

+ neutralSizeDescription: String

+ neutralStrandCount: Integer

+ neutralStrandRDC20: ResistancePerLength
+ phaseCount: Integer

+ tapelap: PerCent [0..1]
+ tapeThickness: Length [0..1]

Cablelnfo|
Assetinfo::ConcentricNeutralCablelnfo

+ diameterOverNeutral: Length [0..1]

+ neutralStrandCount: Integer [0..1]

+ neutralStrandGmr: Length [0..1]

+ neutralStrandRadius: Length [0..1]

+ neutralStrandRDC20: ResistancePerLength [0..1]

10 © 2024 Electric Power Research Institute, Inc. All rights reserved.

. Conductor — usually copper

Conductor screening — usually extruded
Insulation — XLPE or EPR

Insulation screening — semi-conductive

Screen

Laminated sheath — aluminum tape and polyethylene

Optical fibres — optionally used for telecommunications

. Fillers — as needed

. Binder tapes

Armour Bedding — polypropylene strings

11. Armour —galvanized round steel wires
12. Serving — bituminous compound, hessian tape with
\ polypropylene coloured stripe
Construction varies with manufacturer and seabed conditions, with

more armour added where, for example, waves and currents are strong

Source: Nexans WWW.iscpc.org

Submarine Application: Source
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1 - Lack of flexibility to handle varying cable

configurations/layering and associated atiributes

= |ssue 1.3: Cablelnfo existing specializations TapeShieldCablelnfo and
ConcentricNeutralCablelnfo are limiting. In reality, tape and concentric conductors
are just layers in the cable, and a cable can have one or more of each.

&M Cable Layers ? X

Phase
polyet . -
insula Conductor: Plain annealed copper or aluminium wire. Copper conductors shall be stranded (class 2) and Layers Details

other stranded (class 2). Conductor t 2

Conductor Screen: Extruded layer of semi-conducting cross-linkable compound.
Insulation: cross-linked polyethylene compound XLPE or EPR.

Cables Insulaton Screen: Extruded layer of semi-conducting cross-linkable compound is applied over the insulat

leac Metallic Layer: copper tapes or a concentric layer of copper wires or a combination of tapes and wires.

Separation Sheath (for armoured cable): PVC, PE or LSZH.
othe Armour (for armoured cable): round aluminium wire.
N A N Over Sheath: PVC or MDPE. LSZH can be offered as an option.

Assetinfo::TapeShieldCableinfo

+ tapeLap: PerCent [0..1]

1 tapeThickness: Length [0.1] Concentric Conductor: Bare copper
— concentric neutral wires helically applied
) (m‘:\‘e‘:“;’:NZ:‘":"L'e',"‘::‘[‘;’“"]”"""""’ sized 1/3, 1/6 or 1/12 or based on fault
sl current requirements. Optional shields
RDC20: Resistancepertength 0.1 include a combination of copper tape and
wires or a longitudinal corrugated copper
tape. A C-L-X" armor covering is also
available.

I I
“oreCablelnfo ‘ Cableinfo

Cancel

Metallic wires, lapped tapes, gapped tapes, longitudinally corrugated tapes with overlap and sealed overlap, straps, and extruded metal (including
combinations of these) have been used to provide the metallic shield component with the foremost objective of draining the capacitive charging current. [3]

11 © 2024 Electric Power Research Institute, Inc. All rights reserved. [ ={r={|
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2 - Lack of ability to model materials properties and

custom materials

= Thermal and electrical
characteristics of materials
are important for ampacity
and impedances calculation.
Many of those properties can
be taken from standards.

— Thermal Resistivity (Non-
Metallic Materials)

— Dielectric Constant, Dielectric
Strength, Dissipation Factor
(Insulation)

-~ Temperature Coefficient,
Thermal Capacitance, Specific
Heat (Metallic Materials)

— Electrical Resistivity

Note: existing enumerations such as CableShieldMaterialKind,
WireMaterialKind, CableOuterJacketKind, WirelnsulationKind are
helpful but are limited since multiple values can be defined within

a single standard

Table 1 — Electrical resistivities and temperature coefficients
of metals used

Material Resistivity (p) Temperature
ohm - m at 20 °C coefficient (az)
per K at 20 °C

a) Conductors

Copper 1,7241 1078 3,93 10>
Aluminium 2,826 4 10-8 403 10-3

b) Sheaths and armour

Lead or lead alloy 21,4 10-8 4,0 10-2
Steel 13,8 10-8 4.5 102
Bronze 3.5 108 3.0 10:2
Stainless steel 70 i Negligible

Aluminium 2,84 10-8 4,03 10-3

NOTE Values for copper conductors are taken from IEC 60028.
Value for aluminium conductors are taken from IEC 60889,

© 2024 Electric Power Research Institute, Inc. All rights reserved.

Source: [5]
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2 - Lack of ability to model materials properties and

custom materials
= Example from CYME (9.4 r1)

M Metallic Material Library

CLIE! | [+ &
My Inventory (19)
E3ALUMINUM |

E3 ALUMINUM_ALLOY

£ ALUMOWELD®_20.3%
E3 ALUMOWELD®_27%
E3 ALUMOWELD®_30%
E3BRONZE

E3COPPER

[E4 COPPERWELD®_21%

[E3 COPPERWELD®_30%

9 COPPERWELD®_40%

[E3 GALVANIZED_STEEL

E3LEAD
[E3LEAD_WITH_REINFORCEMENT _TAPE
ESPE_AL_PE

[E3STAINLESS_STEEL

E4TECK

E3zZINC

18

?
General Comments

Information

Aluminum

No
Material Characteristics

@ 282

Temperature Ratings

App OK Cancel

&M Non-Metallic Material Library

CYME Library
My Inventory (17)
=9 ASBESTOS
E3BUTYLRUBBER
[E9 COAL_TAR_WRAPPING
[E3 COMPOUNDED _JUTE
EdEPR
E3FIBER
[E3 IMPREGNATED _PAPER
E3NEOPRENE
[E3POLYETHYLENE
E3PPP_PPL
EdpvC
[E9RUBBER _SANDWICH
24 SEMICONDUCTIVE_SCREEN
[E3 VARNISHED_CAMBRIC
[E# WATER_SWELLABLE_POLYMER
E3XLPE_FILLED
E#XLPE_UNFILLED

© 2024 Electric Power Research Institute, Inc. All rights reserved.

QR %

General Comments

Material Characteristics

Temperature Ratings

OK

Cancel
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3 - Lack of clarity on CableConsiructionKind

= CableConstructionKind enumerations mix conductor stranding with shape

— “Construction” is also a bit misleading as one would think of typical cable constructions
(HPFF, HPFG, SCFF, LTS, HTS) rather than the construction of the cable/core conductor

— From IEC 60050-461, Cable is defined as: “assembly consisting of: (1) one or more
cores, (2) their individual coverings (if any), (3) assembly protection (if any), protective
covering(s) (if any); additional uninsulated conductor(s) may be included in the cable.

EnuUumMmeEralicon
Assetinfo
CableConstructionKind

compactad > Stranded, with compact stranding

compressed » Stranded, with compressed stranding

Sectol » Sector shape. The conductor can assume different stranding.
segmental

solid > As opposed to stranded

stranded >

» Stranded concentric

LE L I'.

14 © 2024 Electric Power Research Institute, Inc. All rights reserved. [ ={r={|



3 - Lack of clarity on CableConsiructionKind

= CableConstructionKind enumerations mix conductor stranding with shape

— “Construction” is also a bit misleading as one would think of typical cable constructions (HPFF,
HPFG, SCFF, LTS, HTS) rather than the construction of the cable/core conductor

— From IEC 60050-461, Cable is defined as: “assembly consisting of: (1) one or more cores, (2)
their individual coverings (if any), (3) assembly protection (if any), protective covering(s) (if
any); additional uninsulated conductor(s) may be included in the cable.

Shape | Stranding
Round Stranded (Concentric) Solid Compact Compressed Concentric Round,smt:d:voﬁied Segmental

Round  Solid Round
Round  Stranded (Compressed) EEE

Round  Stranded (Compact) Sector ~ Compact <
Round  Stranded (Profile Strands - Sector ~ Compressed Sector ‘;':"'"'. ‘

wires are not originally round)  Qval Solid “
Solid Stranded Compact
Round  Segmental Oval Stranded
Sector  Solid Oval Compact Oval ( )

Sector Stranded Oval Compressed Solid Straoﬁnded

15 © 2024 Electric Power Research Institute, Inc. All rightsreserved- | i | El




4 — WirelnsulationKind mixes insulation materials with cable
installation/construction

«enumeration»
Assetinfo::WirelnsulationKind

asbestosAndVarnishedCambric

butyl

ethylenePropyleneRubber
highMolecularWeightPolyethylene
treeResistantHighMolecularWeightPolyethylene
lowCapacitanceRubber

oilPaper

ozoneResistantRubber

beltedPilc R ) . )
unbeltedPilc > Insulation is Qil Paper
rubber

siliconRubber

varnishedCambricCloth
varnishedDacronGlass
crosslinkedPolyethylene
treeRetardantCrosslinkedPolyethylene

highPressureFluidFilled » Insulation is Oil Paper

other

A

© 2024 Electric Power Research Institute, Inc. All rights reserved. [ ={r={|
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5 - Use of Conductorinfo.massPerLength

section”

Part-4 New Classes::Conductorinfo

crossSection: Area

massPerLength: MassPerLength
material. ConductorMaterialKind [0..1]
purpose: String

rAC25: ResistancePerLength [0..1]
TACSO: ResistancePerLength [0..1]
rAC75: ResistancePerLength [0..1]
rDC20: ResistancePerLength [0..1]

A

+Asset I 0.

IdentifiedObject|
Part-4 Modified Classes::Asset

i

acceptanceTest: AcceptanceTest [0..1]
baselineCondition: String [0..1]
baselineLossOfLife: PerCent [0..1]

critical: Boolean [0..1]

electronicAddress: ElectronicAddress [0..1]
inUseDate: InUseDate [0..1]

inUseState: InUseStateKind [0..1]

kind: AssetKind [0..1]

kindOther: String [0..1]

+Asset

+Weight | o

IdentifiedObjeci
Part-4 New Classes::Weight

lifecycleDate: LifecycleDate [0..1]
lifecycleState: AssetLifecycleStateKind [0..1]
lotNumber: String [0..1]

position: String [0..1]

purchasePrice: Money [0..1]

retiredReason: RetiredReasonKind [0..1]
serialNumber: String [0..1]

status: Status [0..1]

type: String [0..1]

utcNumber: String [0..1]

+Asset 0..1 +Assets 0..

+Assetinfo | 0..1

/r/erzz/f/edolz,re(f
Assetinfo::
Assetinfo

P
0.1

0..

kind: WeightKind
maxWeight: Mass [0..1]
minWeight: Mass [0..1]
otherKind: String
weight: Mass [0..1]

Property itself seems redundant with recently added Weight class
It seems reasonable to have a per-length weight to Weight class

Okoguard-Okoseal Type MV-105

15kV Shielded Power Cable
)

One Okopact (Compact Stranded)
Copper Conductor/ 105°C Rating

100% and 133% Insulation Level

For Cable Tray Use - Sunlight Resistant

Description must be updated. Currently says “Area of conducting material cross

&
o
o &
- . @ %\0 Q‘o" «0‘3
7 & Py N LA
& & & & F
N & . . &
@‘\ ‘q}&\ g&é‘ &% & & « & %é_-l‘a“ @ 2 N \g\o
& o R P @ &e,«“ K3 o > "‘? @g\ & s
2 & gr e # # - )
&0 & T goF o o o Q’ A
& G TS W @ A "iﬁ o o

Okoguard Insulation: 175 mils (4.45mm), 100% Insulation Level

115-23-3064 1/0 53.5 0.74 0.80 80 2.03 | 0.98
115-23-3066 210 67.4 0.78 0.84 80 2.03 | 1.02
115-23-3067 3/0 85.0 0.83 0.89 80 2.03 | 1.07
116.92.2nR0 Ain N7n | naa naa an 202 | 119

© 2024 Electric Power Research Institute, Inc. All rights reserved.

248
25.8
271

a4

760 825 | 215 215 290 3
870 935 255 245 335 3
1005 1070 | 290 275 385 3
11RN 4940 | 220 4B AAR 2
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Proposed Model to Address Gaps and Identified
Needs



Proposed Modeling (Current Draft)

Enumeration Classes

N L
. 1 M ate ria IS IdentifiedObject T, T,
M a I n Part-4 New Classes:: Part4_EPRI New Classes::Material Assetinfo:: Part4_EPRI New Classes:: - «enumeration»
ol i) PP ] WireMaterialKind CorrugationPatternKind T . Assetinfo:-WirelnsulationKind
" - electric ectric y ssetinfo:: «enumeration»
+  phaseCaunt. PhaseCountkind [0..1] CIasses - shortCircuitTemperature: Temperature 0. copper annular CableOuterJacketKind Assetinfo: asbestosAndVarnishedCambric
+ ratedCurrent: CurrentFlow [0..1] A A steel helical CableShieldMaterialKind butyl
+ ratedFrecguencv Frequency [0..1] aluminum other :?O"e o Tt ethylenePropyleneRubber
+ ea "
N - ratedveltaasiolzaRtingll Part4_EPRI New Classes--MetallicMaterial ‘ Part4_EPRI New Classes:- teel - inearLowDensityEChELIEEIR e highMolecularWeightPolyethylene
- ; | NonMetallicMaterial acsr «enumeiSiEg. (57 it treeResistantHighMolecularWeightPolyethyene
" - isMagnetic: Boolean ~+FillerMaterial aluminumAlloy Part4_EPRI Modified Classes:: polyethylene steel lowCapacitanceRubber
| - meltingPoint: Temperature -t IResistivity: Thermal ivity | +NonMetallicMaterial lloysteel | | Cable€ tor ionKind insulating aluminum oilPaper
specificHeatCapacity: SpecificHeat ®:L aaac lidRound semicenducting il ozoneResistantRubber
Part-4 New Classes:-Conductorinfo +Condu Om{lﬁ - temperatureCoefficient20: Float 0. o SO other beltedPilc
354 | _—1 - thermalCapacitance: ThermalCapacitance BN T EeTeaniiiliion e unbeltedPilc
.-~ + crossSection: Area + Conductorinfo—] 0..1 +MetallicMaterial /T\ strandedCompactRound n -
. + massPerLength: MassPerLength L — : strandedCompressedRound «enumeration» ruI erR -
+ material: ConductorMaterialKind [0..1] 0..x  ConductorCoreMetallicMaterial Bl 0.~ Part4_EPRI New Classes: cenum solidsector it Fg""—;":l' ge"" Classe 2 «enumeration» \Srlalrcnc:s“h:dcfr:-briccloth
N PUrposSIStnng InsulationMaterial Part i strandedSector RSB ) SEEL BT L s Part4_EPRI New Classes:: S rm——
+ TAC25: ResistancePerLength [0..1] i strandedCompactSector dunl StandardCablelnsulationlevel T
+ rACS50: ResistancePerLength [0..1] - continuousOperationTemperature: Temperature e uplex crosslinkedPolyethylene
+ TACT7S: ResistancePerLength [0..1] - dielectricConstant: Float Pha e threecos 100 treeRetardantCrosslinkSARCHSHE.
+ (DC20- ResistancePerLength [0..1] - dielectricStrength: VoltagePerLength R e triplex 133 highPressureFluidFilled
- dissipationFactor: Float threePh dRround quadruplex 173 other
i — 5 . LEER e preassembledaerial o
gencyOperationTemperature: Temperature ey other 0 other
other
% 0..* +InsulationMaterial
Part4_EPRI Modified Classes::Wirelnfo 0
+Wirelnfo - +Layer
+ coreRadius: Length [0..1] Part4_EPRI|New Classes:-CableLayer «CIMDatatype»
+ (anStr.andem(: Integer [0..1] 0. diameterOverLayer: Length Part4_EPRI New Classes::
-~ coreThickness: Length Petar L ThermalCapacitance
+SeparateGroundConductor | o gmr- Length [0..1] +BeltedLayer i vy i
L~ proximityEffectFactor: Float P—— - fayerThickness: Leng + multiplier- UnitMultiplier [0..1] = none {readOnly}
0.1+ radius: Length [0..1] 0. +MetallicSheathLayer |0.." A +  unit: UnitSymbol [0..1] = |PerKm3 {readOnk
+ sizeDescription: String [0..1] +CableLayer|0.* +NonMetallicSheathLayer + value: Float [0..1]
_  skinEffectFactor: Float Part4_EPRI New Classes:-MetallicSheathLayer
+SeparateNeutralConductor + strandCount. Integer [0..1] Part4_EPRI New Classes::InsulationLayer
A g » _ armorDescription: String +S(reenLgir- Part4_EPRI New Part4_EPRI New Classes:: «CIMDatatypes
0.1 - insulationLevel- StandardCablelnsulationLevel _ isArmor- Boolean o] Classes:Screenlayer NonMetallicSheathLayer Part4_EPRI New Classes:*VoltagePerl ength
- insulationMaterial: WirelnsulationKind = et feel - A
_ material: CableShieldMaterialKind A + multiplier: UnitMultiplier [0..1] = none {readOnly}
1DC20: ResistancePerLength + unit: UnitSymbol [0..1] = VPerm {readOnly}
+ value: Float [0..1]
Part-4 Modified Classes::BareWirelnfo A [} R .
artd_ ew | ar ew
- wireConstructionKind: WireConstructionKind Classes:: Classes:: Classes::
Part4_EPRI New Classes::WireBraidinfo iy «CIMDatatypes
Part4_EPRI New Classes::Tapelayer ConductorScreenLayer nnerSheathlayer | | OverSheathLayer Part4_EPRI New Classes::
- braidCarriersCount: int ElectricalResistivity
- braidWireCrossSection: int A
_  braidwireRadius: int i i+ UnitMultiplier [0..1] = none {readOnly}
Part4_EPRI Modified Classes::Cableinfo - braidWiresCountPerCarrier: int b -t utSunbol 0.1, = ot fread Ontvl
Erai it e Part4_EPRI New Classes:: + value: Float [0..1]
- braidWireSizeDescription: int iy b
—  cableConductorConstructionkind: CableConductorConstuctionkind | Clas e aEEE InsulationScreenlayer | | p,rts EpRI New Pﬂ"“lip'“ New
- emergencyTemperature: Temperature 0.1 By ~ NumberOfTapes- i Part4_EPRI New Classes:: e
Part4_EPRI New Classes::ConcentricWireLayer umberOfTapes: int
_  isConductorCoreFill: Boolean - % _ Classes:-LappedTape BindingLayer SwellableWaterTapes «CIMDatatype»
tapeGap: Length Part4_EPRI New Classes=-SpecificHeat
+ |sStr§ndF Boolean [0..1] - laylength: Length - tapeWidth: Length B pcen
+ nominalTemperature: Temperature [0..1] _| tapewidth: Length + multiplier: UnitMultiplier [0..1] = none {readOnly}
- shortCircuitTemperature: Temperature ,& parcalime +  unit: UnitSymbol [0.1] = |Perkgk {readOnh
L Part4. gP}tl =y Part=—EPRI New Classes: CI_ N + value: Float [0..1]
Part4_EPRI New Classes: & - ‘RoundWire I
+MultiCoreCablelnfo 0.1 -SkidWireLayer e TubularTape Part4_EPRI New Classes=-
- C spconi —  crossSection: Area LongitudinallyCorrugatedTape 5 ) BT (TR0 @
Part4_EPRI Modificd Classes:-MultiCoreCablelnfo - wireheightd Slal el e - sizeDescription: String — Comugationiieighele Ty HepeeEr) DEREES ((E) CEneEs e )
- wiresCount: int ~ - _ wireRadius® Length . Ry Part4_EPRI New Classes:-ThermalResistivity
- L | = i strapWitdth: Length - @ attern: C. atternKind Proposed New Package/Class
- cableConstruction: MultiCoreCableConstructionType = - wireWidth: Length - wiresCount: int c ionWidth: L m _ ltiplier- UnitMultiplier [0..1] = d Ok
+MultiCoreCableNeutral  cableCoresAssemblyDiameter: Length - ComugationWidth: Lengt D Proposed Package/Class Modification I :::‘"U:‘rs "?l':m"o“ W'Ei K;PE;‘;“’"E;E:I
cableCoresCount: Integer Q [ Proposed Package/class Deletion + value: Float 0.1
0..1|+ cableCoresPhaseCount: Integer Part4_EPRI New Classes::SplitConcentric
- hasFiller: Boolean Parm_EPRIIJew )
- layLength: Length Classes:: - earthWireConstructionKind: CableConductorConstructionKind Proposed New Relationship
0.1|- separateGroundCount: Integer CorrugatedRoundWire - earthWireCrossSection: Area — Proposed D
+MultiCoreCableGround - earthwireMaterialKind: WireMaterialKind = Proposed Relationship Deletion a a ype
- earthWireRadius: String
- earthWiresCount: int
- earthWireSizeDescription: Length ‘ Iasses
- earthWireStrandRDC20: ResistancePerLength
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Gap 1: Lack of flexibility to handle varying cable
configurations/layering and associated atiributes

= Approach: proposed CablelLayer class

Part4_EPKI ModiTied Classes::Wireinto

+Wirelnfo

0..* T
+Layer
+ coreRadius: Length [0.1] \‘[ "
+ coreStrandCount: Integer [0..1] 0.4 J

Part4_EPRI|New Classes::CableLayer

«CIMDatatypes

+SeparateGroundConductor

coreThickness: Length
gmr: Length [0..1]

+BeltedLayer

- diameterOverLayer: Length
layerOrder: Integer

Part4_EPRI New Classes::
ThermalCapacitance

layerThickness: Length

0. le

proximityEffectFactor: Float
radius: Length [0..1]

+ multiglier- . iplier [0..11 = none {readOniyt
+MetallicsheathLayer [0.." A + unit: UnitSymbol [0..1] = IPerkm?3 {readOnl

+CableLayer |0.

+ sizeDescription: String [0..1] e —— e +NonMetallicSheathLayer + value: Float [0..1]
- skinEffectFactor: Float art4_| lew Classes:-MetallicSheathLayer
+SeparateNeutralConductor Part4_EPRI New Classes:-InsulationLayer
|+ strandCount:Integer [0..1] = COmEEEEmE S +Screenlayer|  Part4_EPRI New Part4_EPRI New Classes:- «CIMDatatype»
0.1 - insulationLevel: StandardCablelnsulationLevel - fEenmErE Tealen . Classes::ScreenlLayer NonMetallicSheathLayer Part4_EPRI New Classes:-VoltagePerLength
- insulationMaterial: WirelnsulationKind _ isNeutral Boolean 0 —— L —
- material: CableShieldMaterialKind A : g ML [v; - “°“§C§rleﬂ vt
v 1] = v}
~  IDC20: ResistancePerLength : ”“I" :I" ‘"[“O 0” erm [readOn
value: Float [0..
Part-4 Modified Classes::BareWireinfo
Part4_EPRI New Part4_EPRI New Part4 | EPRI New
- wireConstructionKind: WireConstructionKind Classes:: Classes:: Classes::
Wi A «CIMDatatype»
Part4_EPRI New Classes:-WireBraidinfo Part4_EPRI New Classes:Tapelayer ConductorScreenLayér nnerSheathlayer | | OverSheathLayer i Nev:pclasses"
- braidCarriersCount: int ElectricalResistivity

- braidWireCrossSection: int ZI& A

_ braidwireRadius. int P + multiplier: UnitMultiplier [0..1] = none {readOnly}
Part4_EPRI Modified Classes--Cablelnfo - braidWiresCountPerCarrier: int -l - undUnusmibol [0..1] = obinm {read Onty)
e 5 . Part4_EPRI New Classes:: + value: Float (011
- braidWireSizeDescription: inf iy --
- cableConductorConstructionKind: CableConductorConstructionkind |— Clas s InsulaiorsCEti Part4_EPRI New ParMI,EPRI New
—  emergencyTemperature: Temperature 0.1 B n R Part4_EPRI New Classes:: Classes::
Part4_EPRI New Classes::ConcentricWireLayer NumberOfTapes: int
- isConductorCoreFill: Boolean v - tapeCaniimen Classes:-LappedTape Bindinglayer | | SwellableWaterTapes parral N“C'MSI“‘“WFE”S .
. artd_ lew Classes:-SpecificHeal
+ isStrandFill: Boolean [0..1] - layLength: Length _ tapewidth: Length T oo [
+ nominalTemperature: Temperature [0..1] J W—"— + multilier- . 1011 = none {read iyt
- shortCircuitTemperature: Temperature A gp\k l& Partd_EPRI N e d + unit: UnitSymbol [0..1] = |PerkgK ireadOn
ar! lew -
PartEPRI New Classes: - + value: Float [0..1
Part4_EPRI New Classes: ra'” : o ‘RoundWire Classes:: -1
+MultiCoreCableinfo | 4 “SkidWireLayer Classes::FlatStraps TubularTape Part4_EPRI New Classes::
p————— ——— LongitudinallyCorrugatedTape
Part4_EPRI Modified Classes:"MultiCoreC - ""fre“ce'gh“ Fe:'g‘h - strapThickness: Length 5 sizeDescunroeie ~ CorrugationHeight: Length [RAEPEREt) BEZERS (FFHD EEnES S “E'I"”Da‘at_‘_’$§” -
. . - | | - wiresCount: in - strapWitdth: Length - wireRadius: Length _ CorrugationPatter- CorrugationPatternKind D Proposed New Package/Class art4_| lew Classes::ThermalResistivity
- cableConstruction: MultiCoreCableConstructionType = - wireWidth: Length - wiresCount: int c ionWidth: L m _ ltiplier- UnitMultiplier [0..1] = d Ol
+MultiCoreCableNeutral  cableCoresAssemblyDiameter: Length = CorrugationWiCt S D Proposed Package/Class Modification I e "ll: I"O"DW'E’[I{-PI _\;oneé:ﬂ vt
unit: UnitSymbol [0..1] = KmPerW {readOn|
G e A . Q . Proposed Package/Class Deletion + value: Float [0..1]
0.1|+ Ef'b'fOFESF’hI“ECO“"‘Z Integer parrdii— Part4_EPRI New Classes::SplitConcentric
- hasFiller: Boolean <
- layLength: Length Classes:: - earthWireConstructionKind: CableConductorConstructionKind Proposed New Relationship
0..1| - separateGroundCount: Integer CorrugatedRoundWire - earthWireCrossSection: Area ~ Proposed Relationship Modification
+MultiCoreCableGround - earthwireMaterialKind: WireMaterialKind = Proposed Relationship Deletion
- earthWireRadius: String
- earthWiresCount: int
- earthWireSizeDescription: Length
- earthWireStrandRDC20: ResistancePerLength
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Gap 1: Lack of flexibility to handle varying cable
configurations/layering and associated atiributes

= Approach: proposed CableLayer class

— 4 specializations based on the material and role of layer, main

be considered in ampacity and impedances calculation

Part4_EPKI ModiTied Classes::Wireinto

+MultiCoreCableGround

21

+Wirelnfo 0
+ coreRadius: Length [0..1]
+ coreStrandCount: Integer [0..1]
- coreThickness: Length
+SeparateGroundConductor gmr: Length [0..1]
- proximityEffectFactor: Float
0.1 radius: Length [0..1]
+ sizeDescription: String [0..1]
+SeparateNeutralConductor| = SKinEffectFactor: Float
AN strandCount: Integer [0..1]
0..1
[\ /\

Part-4 Modified Classes::BareWireinfo

- wireConstructionKind: WireConstructionKind

Part4_EPRI Modified Classes::Cablelnfo

~ cableConductorConstructionKind: CableConductorConstructionKind —
—  emergencyTemperature: Temperature
- isConductorCorefFill: Boolean
+ isStrandFill: Boolean [0..1]
+ nominalTemperature: Temperature [0..1]
- shortCircuitTemperature: Temperature
N\

+MultiCoreCablelnfo

Part4_EPRI dified Classes::|

iCoreCablelnfi

+MultiCoreCableNeutral

cableConstruction: MultiCoreCableConstructionType
cableCoresAssemblyDiameter: Length
+ cableCoresCount: Integer

0..1|+ cableCoresPhaseCount: Integer
- hasFiller: Boolean
- layLength: Length

0..1| - separateGroundCount: Integer

+BeltedLayer

+Layer

0..

0..

A
A

L

- diameterOverlayer: Length
layerOrder: Integer
layerThickness: Length

+CableLayer |0.

Part4_EPRI|New Classes::CableLayer

+MetallicSheathLayer |0.." A -
i i -

Part4_EPRI New Classes::InsulationLayer

~ insulationLevel: StandardCablelnsulationLevel
~ insulationMaterial: WirelnsulationKind

Part4_EPRI New Classes:-MetallicSheathLayer

—  armorDescription: String

— isArmor: Boolean

—  isNeutral: Boolean

—  material: CableShieldMaterialKind

— rDC20: ResistancePerLength

+NonMetallicSheathLayer T

“Screenlayer

0.%

Part4_EPRI New
Classes::ScreenLayer

Part4_EPRI New Classes::
NonMetallicSheathLayer

A A JATAN
IA'AN

/\ /\ [\

L T

Part4_EPRI New Classes::WireBraidinfo

Part4_EPRI New Classes::TapeLayer

braidCarriersCount: int
braidWireCrossSection: int Al Al

braidWireRadius: int T

braidwiresCountPerCarrier: int

braidWireSizeDescription: int

Part4_EPRI New Classes:

-SkidWireLayer

wireHeight: Length
wiresCount: int
wireWidth: Length

Part4_EPRI New Classes::ConcentricWireLayer -

layLength: Length

Part4_EPRI New
Classes::GappedTape

NumberOfTapes: int
- tapeGap: Length
~ tapeWidth: Length

Part4_EPRI New
Classes::
TubularTape

N
Part=2EPRI New Classes:
“RoundWire

\
7\
Part4_EPRI New
Classes::FlatStraps

- crossSection: Area
strapThickness: Length - sizeDescription: String
strapWitdth: Length - wireRadius: Length
- wiresCount: int
/\ A
/\
JAY

strapCount: int

Part4_EPRI New
Classes::

CorrugatedRoundWire - earthWireCrossSection: Area

- earthWireMaterialKind: WireMaterialKind
- earthWireRadius: String

- earthWiresCount: int

- earthWireSizeDescription: Length

- earthWireStrandRDC20: ResistancePerLength

(G

Part4_EPRI New
Classes::
ConductorScreenLayer

Part4_EPRI New
Classes::
nnerSheathLayer

Part4 [EPRI New
Classes::
OverSheathLayer

Part4_EPRI New
Classes::

InsulationScreenLayer

Part4_EPRI New
lasses:-LappedTape

tapelap: PerCent
tapeWidth: Length

Part4_EPRI New Classes::
LongitudinallyCorrugatedTape

CorrugationHeight: Length
CorrugationPattern: CorrugationPatternKind
CorrugationWidth: Length

Part4_EPRI New Classes::SplitConcentric

- earthWireConstructionKind: CableConductorConstructionKind
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Part4_EPRI New
Classes::
swellableWaterTapes

Part4_EPRI New
Classes::
Bindinglayer

Proposed DevXXX (EPRI) Changes
|:| Proposed New Package/Class
[_] Proposed Package/Class Modification
D Proposed Package/Class Deletion

Proposed New Relationship
Proposed Relationship Modification
=== Proposed Relationship Deletion

factors to

«CIMDatatypes
Part4_EPRI New Classes::
ThermalCapacitance

o ltiplier- L

[0..11 = none {readOnlv
+  unit: UnitSymbol [0..1] = IPerKm?3 {readOnly}
+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::VoltagePerLength

o ltiplier- L

[0..1] = none {readOnly}
+  unit: UnitSymbol [0..1] = VPerm {readOnly}
+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::
ElectricalResistivity

+ ier: Unit [0..1] = none {readOnly}
+ unit: UnitSymbol [0..1] = ohmm {readOniy}
+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes:-SpecificHeat

+ Itiplier: Unit [0..1] = none {readOnly}
+ unit: UnitSymbol [0..1] = |PerkgK {readOn!

+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::ThermalResistivity

+ Itiplier: Unit [0..1] = none {readOnly}
+  unit: UnitSymbol [0..1] = KmPerW {readOnly}
+ value: Float [0..1]
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Gap 1: Lack of flexibility to handle varying cable
configurations/layering and associated atiributes

= Approach: proposed CableLayer class

—  Deprecate ConcentricNeutralCablelnfo class and introduce ConcentricWirelLayer class to represent any concentric wire

= From IEC 60050-461, a “concentric conductor is a conductor so constructed as to surround one or more insulated conductors ” and

(conductor) is a “concentric conductor which is intended to be used as a neutral conductor”.

= To indicate a concentric layer is meant to carry neutral current, MetallicSheathalayer.isNeutral property has been added.
—  Deprecate TapeShieldCablelnfo class and introduce Tapelayer class

Part4_EPKI ModiTied Classes::Wireinto

+MultiCoreCableGround

22

+Wirelnfo 0
+ coreRadius: Length [0..1]
+ coreStrandCount: Integer [0..1]
- coreThickness: Length
+SeparateGroundConductor | gmy- | ength [0..1]
- proximityEffectFactor: Float
0.1+ radius Length [0..1]
+ sizeDescription: String [0..1]
+SeparateNeutralConductor| = SKinEffectFactor: Float
AN strandCount: Integer [0..1]
0..1
[\ /\

Part-4 Modified Classes::BareWireinfo

- wireConstructionKind: WireConstructionKind

Part4_EPRI Modified Classes::Cablelnfo

~ cableConductorConstructionKind: CableConductorConstructionKind —
—  emergencyTemperature: Temperature 0.
- isConductorCorefFill: Boolean
+ isStrandFill: Boolean [0..1]
+ nominalTemperature: Temperature [0..1]
- shortCircuitTemperature: Temperature

N\

+MultiCoreCablelnfo

Part4_EPRI dified Classes::| iCoreCablelnf

cableConstruction: MultiCoreCableConstructionType

+MultiCoreCableNeutral
[E—

cableCoresAssemblyDiameter: Length
+ cableCoresCount: Integer
0..1|+ cableCoresPhaseCount: Integer
- hasFiller: Boolean
- layLength: Length
0..1| - separateGroundCount: Integer

0

=

0..

Part4_EPRI|New Classes::CableLayer

- diameterOverlayer: Length
layerOrder: Integer

- layerThickness: Length

0.. N

T +CableLayer|0..

+BeltedLayer

+MetallicSheathLayer |0.."

Part4_EPRI New Classes::InsulationLayer

- insulationLevel: StandardCablelnsulationLevel
- insulationMaterial: WirelnsulationKind

A
/\
L

Part4_EPRI New Classes::WireBraidinfo

- braidCarriersCount: int

- braidWireCrossSection: int

- braidWireRadius: int

- braidwiresCountPerCarrier: int
- braidWireSizeDescription- int

Part4_EPRI New Classes:-MetallicSheathLayer

- armorDescription: String

- isArmor: Boolean

~ isNeutral: Boolean

~  material: CableShieldMaterialKind
— rDC20: ResistancePerLength

A A
/\ [\

“Screenlayer|  Partd_EPRI New

A Al
/\ /\

5

Part4_EPRI New

Part4_EPRI New Classes::TapeLayer ‘

Classes::
ConductorScreenLayer

A A

Ay

Part4_EPRI New
Classes::GappedTape

— layLength: Length

Part4_EPRI New Classes::ConcentricWireLayer -

NumberOfTapes: int
tapeGap: Length
~ tapeWidth: Length

Ay gy v
\
B Part4_ | New

Part4_EPRI New Classes:
. Classes::FlatStraps

1 -SkidWireLayer

" - strapCount: int
- w!reHelghl \Tength - strapThickness: Length
- wiresCount: int

L | T wirewidthgeree strapWitdth: Length

Part4_EPRI New
Classes::
CorrugatedRoundWire

Part=2EPRI New Classes:

Part4_EPRI New
Classes::

Roun TubularTape

crossSection: Area
sizeDescription: String
- wireRadius® Length
wiresCount: int

A
/\
[A

A

A

a n Classes::ScreenLayer

+NonMetallicSheathLayer T
AN

Part4_EPRI New Classes::
NonMetallicSheathLayer

A A AN
[\ A\ IA'AN

Part4_EPRI New
Classes::
nnerSheathLayer

Part4 [EPRI New
Classes::
OverSheathLayer

Part4_EPRI New
Classes::

InsulationScreenLayer

Part4_EPRI New
lasses:-LappedTape

tapelap: PerCent
tapeWidth: Length

Part4_EPRI New Classes::
LongitudinallyCorrugatedTape

CorrugationHeight: Length
CorrugationPattern: CorrugationPatternKind
CorrugationWidth: Length

Part4_EPRI New Classes::SplitConcentric

- earthWireConstructionKind: CableConductorConstructionKind

- earthWireCrossSection: Area

- earthWireMaterialKind: WireMaterialKind
- earthWireRadius: String

- earthWiresCount: int

- earthWireSizeDescription: Length

- earthWireStrandRDC20: ResistancePerLength
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Part4_EPRI New
Classes::
swellableWaterTapes

Part4_EPRI New
Classes::
Bindinglayer

Proposed DevXXX (EPRI) Changes
|:| Proposed New Package/Class
[_] Proposed Package/Class Modification
D Proposed Package/Class Deletion

Proposed New Relationship
Proposed Relationship Modification
=== Proposed Relationship Deletion

concentric neutral

«CIMDatatypes
Part4_EPRI New Classes::

ThermalCapacitance
+ multiplier- Unit [0..11 = none {readOnlv
+ unit: UnitSymbol [0..1] = [PerKm3 {readOnlyt
+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::VoltagePerLength

+ Itiplier- Unit [0..1] = none {readOnly}
+  unit: UnitSymbol [0..1] = VPerm {readOnly}

+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::
ElectricalResistivity

+ ier: Unit [0..1] = none {readOnly}
+ unit: UnitSymbol [0..1] = ohmm {readOniy}
+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes:-SpecificHeat

+ [0..1 ne {readOnly}
+ unit: UnitSymbol [0..1] = IPerkgK {readOnly

+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::ThermalResistivity

+ Itiplier: Unit [0..1] = none {readOnly}
+  unit: UnitSymbol [0..1] = KmPerW {readOnly}
+ value: Float [0..1]
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Gap 1: Lack of flexibility to handle varying cable
configurations/layering and associated atiributes

= Approach: proposed CablelLayer class

— lIssue 1.1: Current modeling support information on a limited number of layers. Information on
other layers, required for cable ampacity calculations and impedance computations is missing

— Proposed Approach: any number of layers is allowed in a CableInfo

Part4_EPKI ModiTied Classes::Wireinto

+Wirelnfo.

+ coreRadius: Length [0..1]

+ coreStrandCount: Integer [0..1]
- coreThickness: Length
gmr: Length [0..1]

+SeparateGroundConductor

0..1
+MultiCoreCableGround

23

0..1

+SeparateNeutralConductor| =

——— V|

0..1

- isConductorCoreFill: Boolean
+ isStrandFill: Boolean [0..1]

- proximityEffectFactor: Float
radius: Length [0..1]

+ sizeDescription: String [0..1]

skinEffectFactor: Float

+ strandCount: Integer [0..1]

Part-4 Modified Classes::BareWireinfo

- wireConstructionKind: WireConstructionKind

Part4_EPRI Modified Classes::Cablelnfo

+Layer

- cableConductorConstructionKind CabIeConductorConstmnionKlnd+:
—  emergencyTemperature: Temperature 0.1

+ nominalTemperature: Temperature [0..1]
- shortCircuitTemperature: Temperature

A

/\

+MultiCoreCablelnfo

+MultiCoreCableNeutral

cableCaresCount: Integer

0..1 cableCoresPhaseCount: Integer
hasFiller: Boolean
layLength: Length
separateGroundCount: Integer

Part4_EPRI difi;

d Classes::| iCoreCablelnf

cableConstruction: MultiCoreCableConstructionType
cableCoresAssemblyDiameter: Length

~+BeltedLayer |

— diameterOverlayer: Length
layerOrder: Integer
layerThickness: Length

‘ Part4_EPRI|New Classes::CableLayer

0. /\ +MetallicSheathLayer |0.." A\ AN A
T +CableLayer|0.. T
_ +NonMetallicSheathLayer
A T a . T Part4_EPRI New Classes::MetallicSheathLayer T— AN
artd_ ew Classes::InsulationLayer ~
v S e i S +Screenlayer|  Part4_EPRI New Part4_EPRI New Classes::
- insulationLevel: StandardCablelnsulationLevel - fEenmErE Tealen ] Classes::ScreenLayer NonMetallicSheathLayer
- insulationMaterial: WirelnsulationKind _ isNeutral: Boolean " 5 rva
- material: CableShieldMaterialKind A A L o R
— rDC20: ResistancePerLength T T
N\ A A
Ay A\ L‘_\. Part4_EPRI New Part4_EPRI New Part4 |EPRI New
i . Classes:: Classes:: Classes::
Part4_EPRI New Classes::WireBraidinfo Part4_EPRI New Classes: Tapel ayer ConductorScreenLayer nnerSheathlayer | | OverSheathlLayer

- braidCarriersCount: int

- braidWireCrossSection: int

- braidWireRadius: int

- braidwiresCountPerCarrier: int
- braidWireSizeDescription- int

Part4_EPRI New Classes::ConcentricWireLayer

- layLength: Length

Part4_EPRI New Classes:
-SkidWireLayer

- wireHeight: Length
- wiresCount: int
~  wireWidth: Length

\
7\
Part4_EPRI New
Classes::FlatStraps

strapCount:
strapThickness: Length
strapWitdth: Length -

(G

© 20

Part4_EPRI New
Classes::
InsulationScreenlayer

Part4_EPRI New
Classes::GappedTape

Part4_EPRI New
lasses:-LappedTape

NumberOfTapes: int
tapeGap: Length
tapeWidth: Length

—| tapelap: PerCent
~| tapeWidth: Length
Part4_EPRI New
Classes::
TubularTape

N
Part=2EPRI New Classes:

Roun Part4_EPRI New Classes::
int - crossSection: Area LongitudinallyCorrugatedTape
- sizeDescription: String
wireRadius: Length
- wiresCount: int
A A
/\
JAY

- CorrugationHeight: Length
- CorrugationPattern: CorrugationPatternKind
- CorrugationWidth: Length

Part4_EPRI New Part4_EPRI New Classes:-SplitConcentric

Classes::

- earthWireConstructionKind: CableConductorConstructionKind
CorrugatedRoundWire

- earthWireCrossSection: Area

- earthWireMaterialKind: WireMaterialKind

- earthWireRadius: String

- earthWiresCount: int

- earthWireSizeDescription: Length

- earthWireStrandRDC20: ResistancePerLength

24 Electric Power Research Institute, Inc. All rights reserved.

Part4_EPRI New
Classes::
swellableWaterTapes

Part4_EPRI New
Classes::
Bindinglayer

Proposed DevXXX (EPRI) Changes
|:| Proposed New Package/Class
[_] Proposed Package/Class Modification
D Proposed Package/Class Deletion

Proposed New Relationship
Proposed Relationship Modification
=== Proposed Relationship Deletion

«CIMDatatypes
Part4_EPRI New Classes::
ThermalCapacitance
+ Itiplier: L [0..1] = none {readOnly}
+  unit: UnitSymbol [0..1] = |PerKm3 {readOnly}
+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::VoltagePerLength

o ltiplier- L

[0..1] = none {readOnly}
+  unit: UnitSymbol [0..1] = VPerm {readOnly}
+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::
ElectricalResistivity
+ Itiplier: Unit [0..1] = none {readOnly}
+ unit: UnitSymbol [0..1] = ohmm {readOniy}
+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes:-SpecificHeat

+ Itipl; Unit

+ unit: UnitSymbol [0..1
+ value: Float [0..1]

[0..1] = none {readOnly}
= |PerkgK {readOn

«CIMDatatype»
Part4_EPRI New Classes::ThermalResistivity

+ Itiplier: Unit [0..1] = none {readOnly}
+  unit: UnitSymbol [0..1] = KmPerW {readOnly}
+ value: Float [0..1]
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Gap 1: Lack of flexibility to handle varying cable
configurations/layering and associated atiributes

= Approach: proposed CablelLayer class
— Issue 1.2: Modeling of belted layers in multi core cables is not supported

— Proposed Approach: Individual core layers and belted layers are treated with the same
CablelLayer class. Association to Cablelnfo and MultiCoreCablelnfo dictates type of layer

+SeparateGroundConductor

Part4_EPKI ModiTied Classes::Wireinto

0.
+MultiCoreCableGround

24

+MultiCoreCableNeutral
[E—

+SeparateNeutralConductor| =

——— V|

v
+Wirelnfo o tLayer
+ coreRadius: Length [0.-1] Part4_EPRI|New Classes--CableLayer
ot ——
+ coreStrandCount: Integer [0..1] | Bl | -
~  diameterOverLayer: Length
- coreThickness: Length
- layerOrder: Integer
gmr: Length [0..1] +Beltedlayer | =Y gt
| - proximityEffectFactor: Float — ! Y - 9 . — . .
0.1 radius: Length [0..1] 0. /\ +MetallicSheathLayer [0..” /\ /\ /\
. +CableLayer|0.. T
sizeDescription: String [0..1] _ +NonMetallicSheathLayer
skinEffectFactor: Float Part4_EPRI New Classes::MetallicSheathLayer ~—— N
dc I 0.1 Part4_EPRI New Classes::InsulationLayer ~
+ strandCount: Integer [0..1] ~  armorDescription: String +ScreenLayer Part4_EPRI New Part4_EPRI New Classes::
0.1 - insulationLevel: StandardCablelnsulationLevel - fEenmErE Tealen o "] Classes::Screenlayer NonMetallicSheathLayer
Ay A - insulationMaterial: WirelnsulationKind _ isNeutral- Boolean 3 7 N A
T ~ material: CableShieldMaterialKind A A
— rDC20: ResistancePerLength T T
Part-4 Modified Classes:-BareWirelnfo A\ A A
T T Part4_EPRI New Part4_EPRI New || Part4|EPRI New
wireConstructionKind: WireConstructionKind e i Classes:: Classes=- Classes::
Part4_EPRI New Classes::WireBraidinfo Part4_EPRI New Classes: Tapel ayer ConductorScreenLayer nnerSheathlayer | | OverSheathlLayer
- braidCarriersCount: int
- braidWireCrossSection: int ’/'\\ ’/'\\ /A\ /A\
- braidWireRadius: int Part4_EPRI New
Part4_EPRI Modified Classes::Cablelnfo - braidWiresCountPerCarrier: int Part4_EPRI New Classes—
- 5 __ braidwireSizeDescpOHENS Classes:-GappedTape InsulationScreenLayer Part4_EPRI N
- cableConductorCenstructionKind CabIeConductorConstmmonKlnd': il Part4_EPRI New et T e
- . .- Classes::
emergencyTemperature: Temperature 0.. Farta EERE N G Ia e U ~ NumberOfTapes: int Part4_EPRI New Classes:: il
- isConductorCoreFill: Boolean _ tapecangiim lasses::LappedTape BindingLayer P
+ isStrandFill: Boolean [0..1] - layLength: Length ~ tay
peWidth: Length
+ nominalTemperature: Temperature [0..1] tapelap: PerCent
- shortCircuitTemperature: Temperature x A . tapewidth: Length
x 4\ /\ /\ Part4_EPRI New
A Part4_EPRI New Part=—EPRI New Classes: al N
LA Part4_EPRI New Classes: - -RoundWire R
+MultiCoreCableinfo  fp ; “SkidWireLayer Classes::FlatStraps . TubularTape Part4_EPRI New Classes::
1 . p———— " cossecany) LongitudinallyCorrugatedTape ’ o Devixx (EPRD Ch
Part4_EPRI Modified Classes:-MultiCoreCablelnf - wirehiclohenall - strapThickness: Length - sizeDescription: String ComugationHeight- Length roposed DevXXX (EPRI) Changes
L - wiresCOUENN. - strapWitdth: Length - wireRadius ISU CorrugationPattern: CorrugationPatternKind |:| Proposed New Package/Class
cableConstruction: MultiCoreCableConstructionType A B - wireWidth: Length —  wiresCount: int @ ) h )
DI GO D A ey x 7 orrugationWidth: Lengt [[] Proposed Package/Class Modification
cableCoresCount: Integer — ) [[] Proposed package /Class Deletion
e ilEmEimsteut s Part4_EPRI New Classes: SplitConcentric
hasFiller: Boolean Partd_ERE ’ s
layLength: Length Classes::

separateGroundCount: Integer

- earthWireConstructionKind: CableConductorConstructionKind
- earthWireCrossSection: Area

- earthWireMaterialKind: WireMaterialKind

- earthWireRadius: String

- earthWiresCount: int

- earthWireSizeDescription: Length

- earthWireStrandRDC20: ResistancePerLength

CorrugatedRoundWire

© 2024 Electric Power Research Institute, Inc. All rights reserved.

Proposed New Relationship
Proposed Relationship Modification
=== Proposed Relationship Deletion

«CIMDatatypes
Part4_EPRI New Classes::
ThermalCapacitance
+ Itiplier: L [0..1] = none {readOnly}
+  unit: UnitSymbol [0..1] = |PerKm3 {readOnly}
+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::VoltagePerLength

o ltiplier- L

[0..1] = none {readOnly}
+  unit: UnitSymbol [0..1] = VPerm {readOnly}
+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::
ElectricalResistivity

+ ier: Unit iplier [0..1] = none {readOnly}
+ unit: UnitSymbol [0..1] = ohmm {readOniy}
+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::SpecificHeat
+ Itiplier: Unit i [0..1] = none {readOnly}
+ unit: UnitSymbol [0..1] = |PerkgK {readOn!
+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::ThermalResistivity

+ i Unitl ij [0..1] = none {readOnly}
+  unit: UnitSymbol [0..1] = KmPerW {readOnly}
+ value: Float [0..1]
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Other Needs Associated with Layering

= 1: Handle Layer Ordering = Layer order attribute
= Ascending order corresponds to layering outwards

= Ordering should re-start for Belted Layers (i.e., 1%t belted layer =1, 2@
belted layer 22, etc.)

Part4_EPKI ModiTied Classes:Wireinfo 0 r
+Wirelnfo \]: +Layer
+ coreRadius: Length [0..1] Part4_EPRI [New Classes::CableLayer «CIMDatatype»
- N ] -
" e S
- ThermalCapacitance
+SeparateGroundConductor | o+ gmp- Length [0..1] iy layerOrder. Integer =
- proximityEffectFactor: Float —_— + Itiplier: | i [0..1]1 = none {readOnly}
+ radius: Length [0..1] (T +MetallicsheathLayer |0..* A +  unit: UnitSymbol [0..1] = [PerKm?3 {readOnl
W eDescriptiandsta el Ol +CableLayer|0.. —p— ——— +NonMetallicSheathlayer L et ek laatj oM
- skinEffectFactor: Float art4_| lew Classes::MetallicSheathLayer
ieetaaoioneicontuctr B er[0..1] Part4_EPRI New Classes:-InsulationLayer
A el ~  armorDescription: String +ScreenLayer Part4_EPRI New Part4_EPRI New Classes:: «CIMDatatype»
0.1 - insulationLevel: StandardCablelnsulationLevel - fEenmErE Tealen D Classes::ScreenLayer NonMetallicSheathLayer Part4_EPRI New Classes:-VoltagePerl ength
- insulationMaterial: WirelnsulationKind — e Deallesm - e -
- material: CableShieldMaterialKind A + UnitMultiplier [0..1] = none {readOnly}
v 1] = v}
~  IDC20: ResistancePerLength [F : \”I;'I'l‘le”:;:fm"[*;")]'lo 1] = VPerm {readOnl
Part-4 Modified Classes::BareWirelnfo
Part4_EPRI New Part4_EPRI New Part4 | EPRI New
- wireConstructionKind: WireConstructionKind Classes:: Classes=- Classes::
Wi A «CIMDatatype»
Part4_EPRI New Classes:-WireBraidinfo Part4_EPRI New Classes:Tapelayer ConductorScreenLayér nnerSheathlayer | | OverSheathLayer i Nev:pclasses"
- braidCarriersCount: int ElectricalResistivity
- braidWireCrossSection: int A s - S
— braidWireRadius: int - + multiplier: UnitMultiplier [0..1] = none {readOnly}
Part4_EPRI Modified Classes::Cablelnfo - braidwiresCountPerCarrier: int Part4_EPRI New Classeill +  unit: Unitsymbol [0..1] = ohmm {readOnly}
s braidWires e e RO Classes::GappedTape insulationa EEERE T RN A 1)
- cableConductorConstructionKind: CableConductorConstructionkind |— - UapE P 1y Part4_EPRI New ParMI,EPRI New
- emergencyTemperature: Temperature 0..1 N - . Part4_EPRI New Classes:- Classes::
Part4_EPRI New Classes::ConcentricWireLayer NumberOfTapes: int
- isConductorCoreFill: Boolean v _  tapeGanymm—. Classes::lappedTape BindinglLayer SwellableWaterTapes «CIMDatatypen i
» . IR ey Part4_EPRI New Classes:-SpecificHeat
+ isStrandFill: Boolean [0..1] ~ layLength: Length - rapewinrdrenan
+ nominalTemperature: Temperature [0..1] = tﬂpe'\;\?z“:’eice":h " o T gLy s
ircui -| tapewi eng -
- shortCircuitTemperature: Temperature . l& e + unit- UnitSymbol [0..1] = IPerkgK {readOnl
Part4. gp\l‘u N Part=_EPRI New Classes: - + value: Float [0..1]
Part4_EPRI New Classes: = il ‘RoundWire Classes::
+MultiCoreCableinfo | ; “SkidWireLayer Classes::FlatStraps . TubularTape Part4_EPRI New Classes::
. p———— ~ crossetnonin s LongitudinallyCorrugatedTape
Part4_EPRI Modified Classes e — - wireHeight: Length - strapThicknessa ety ~ sizeDescription: String P Proposed DevXXX (EPRI) Changes «CIMDatatype»
~ -~ - wiresCount: int - - wi . Part4_EPRI New Classes::ThermalResistivif
. 5 . Ll | T - strapWitdth: Length R EEING L i - CorrugationPattern: CorrugationPatternKind D Proposed New Package/Class o
- cableConstruction: MultiCoreCableConstructionType wireWidth: Length —  wiresCount: int y e 5
+MultiCoreCableNeutral cableCoresAssemblyDiameter: Length - CorrugationWidth: Length D Proposed Package/Class Modification + Unll:h:ulﬂuher [0.1] = nonecirealdmlv}
+  unit: UnitSymbol [0..1] = KmPerW {readOnl
cableCoresCount: Integer Q . Proposed Package/Class Deletion N T
0.1+ Ef‘b'el::°re”’h|“‘ec°“"‘ Integer Partal o Part4_EPRI New Classes::SplitConcentric
-  hasFiller: Boolean "
- layLength: Length Classes:: - earthWireConstructionKind: CableConductorConstructionKind Proposed New Relationship
0..1| - separateGroundCount: Integer CorrugatedRoundWire - earthWireCrossSection: Area ~ Proposed Relationship Modification
+MultiCoreCableGround - earthWireMaterialKind: WireMaterialKind = Proposed Relationship Deletion

- earthWireRadius: String
- earthWiresCount: int

- earthWireSizeDescription: Length
- earthWireStrandRDC20: ResistancePerLength
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Other Needs Associated with Layering

= 2: Handle Layer Dimensions by Thickness and Diameter =
diameterOverlLayer and layerThickness attributes

— This is needed because manufacturers can provide one or the other (or both

dimensions. It typically depends on the controlled dimensions during the cable
manufacturing process [4]

Part4_EPKI ModiTied Classes::Wireinto

+MultiCoreCableGround

26

+Wirelnfo 0
+ coreRadius: Length [0..1]
+ coreStrandCount: Integer [0..1]
coreThickness: Length
+SeparateGroundConductor gmr: Length [0..1]
- proximityEffectFactor: Float
0.1 radius: Length [0..1]
+ sizeDescription: String [0..1]
+SeparateNeutralConductor| = SKinEffectFactor: Float
AN strandCount: Integer [0..1]
0..1
[\ /\

Part-4 Modified Classes::BareWireinfo

- wireConstructionKind: WireConstructionKind

Part4_EPRI Modified Classes::Cablelnfo

~ cableConductorConstructionKind: CableConductorConstructionKind —
—  emergencyTemperature: Temperature 0.
- isConductorCorefFill: Boolean
+ isStrandFill: Boolean [0..1]
+ nominalTemperature: Temperature [0..1]
- shortCircuitTemperature: Temperature

N\

+MultiCoreCablelnfo

Part4_EPRI dified Classes::|

iCoreCablelnfi

cableConstruction: MultiCoreCableConstructionType

+MultiCoreCableNeutral  cableCoresAssemblyDiameter: Length

+ cableCoresCount: Integer
0..1|+ cableCoresPhaseCount: Integer
- hasFiller: Boolean
- layLength: Length
0..1| - separateGroundCount: Integer

o
+BeltedLayer ||}

+Layer

Part4_EPRI|New Classes::CableLayer

0..

diameterOverLayer: Length

layerThickness: Length

0..

Part4_EPRI New Classes::InsulationLayer

- insulationLevel: StandardCablelnsulationLevel
- insulationMaterial: WirelnsulationKind

Part4_EPRI New Classes:

-SkidWireLayer

- wireHeight: Length
- wiresCount: int
~  wireWidth: Length

/\ +MetallicSheathLayer [0..” A\
T +CableLayer|0.. T

- armorDescription: String

- isArmor: Boolean

~ isNeutral: Boolean

~  material: CableShieldMaterialKind

— rDC20: ResistancePerLength

//‘\\ /f‘\\ //‘\\

Part4_EPRI New Classes::WireBraidinfo

Part4_EPRI New Classes::TapeLayer

braidCarriersCount: int

braidWireCrossSection: int Al Al
braidWireRadius: int
braidwiresCountPerCarrier: int

hy Part4_EPRI New
braidWireSizeDescription: int

Classes::GappedTape

Part4_EPRI New Classes::ConcentricWireLayer - NumberOfTapes: int
- tapeGap: Length

- laylength: Length - tapeWidth: Length

Part4_EPRI New
Classes::
TubularTape

N
Part=2EPRI New Classes:
“RoundWire

\
7\
Part4_EPRI New
Classes::FlatStraps

- crossSection: Area
- sizeDescription: String

- strapCount: int
- strapThickness: Length

- strapWitdth: Length - wireRadius® Length
- wiresCount: int

A A

/\ /\

e

Part4_EPRI New
Classes::

CorrugatedRoundWire - earthWireCrossSection: Area

- earthWireMaterialKind: WireMaterialKind

- earthWireRadius: String
- earthWiresCount: int
- earthWireSizeDescription: Length

- earthWireStrandRDC20: ResistancePerLength

Part4_EPRI New Classes:-MetallicSheathLayer

“Screenlayer

Part4_EPRI

Part4_EPRI New
Classes::

Part4_EPRI New

InsulationScreenLayer

Part4_EPRI New
lasses:-LappedTape

tapelap: PerCent
tapeWidth: Length

Part4_EPRI New Classes::
LongitudinallyCorrugatedTape

CorrugationHeight: Length
CorrugationPattern: CorrugationPatternKind
CorrugationWidth: Length

Part4_EPRI New Classes::SplitConcentric

- earthWireConstructionKind: CableConductorConstructionKind

© 2024 Electric Power Research Institute, Inc. All rights reserved.

New

Classes::ScreenLayer

ConductorScreenLayer

Classes::

+NonMetallicSheathLayer T
AN

Part4_EPRI New Classes::
NonMetallicSheathLayer

A A AN
[\ A\ IA'AN

Part4_EPRI New
Classes::
nnerSheathLayer

Part4 [EPRI New
Classes::
OverSheathLayer

Part4_EPRI New
Classes::
swellableWaterTapes

Part4_EPRI New
Classes::
Bindinglayer

Proposed DevXXX (EPRI) Changes
|:| Proposed New Package/Class
[_] Proposed Package/Class Modification
D Proposed Package/Class Deletion

Proposed New Relationship
Proposed Relationship Modification
=== Proposed Relationship Deletion

«CIMDatatypes
Part4_EPRI New Classes::
ThermalCapacitance
+ Itiplier: L [0..1] = none {readOnly}
+  unit: UnitSymbol [0..1] = |PerKm3 {readOnly}

+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::VoltagePerLength

o ltiplier- L

[0..1] = none {readOnly}
+  unit: UnitSymbol [0..1] = VPerm {readOnly}
+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::
ElectricalResistivity

+ ier: Unit [0..1] = none {readOnly}
+ unit: UnitSymbol [0..1] = ohmm {readOniy}
+ value: Float [0..1]

«CIMDatatype»

Part4_EPRI New Classes::SpecificHeat
+ Itiplier: Unit [0..1] = none {readOnly}
+ unit: UnitSymbol [0..1] = |PerkgK {readOn!

+ value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes::ThermalResistivity

+ Itiplier: Unit [0..1] = none {readOnly}
+  unit: UnitSymbol [0..1] = KmPerW {readOnly}
+ value: Float [0..1]
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Other Needs Associated with Layering

= 3: Handle Intercalated/Mixed Layers

Case 1: Intercalated Tape Layers are tapes that are applied simultaneously in a way
that each layer overlies a portion of the other layer.

Source: [4]
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Case 2: Imbedding type jacket in Concentric Neutral Cables

Proposed solution supports this by allowing multiple layers with the same layerOrder

NYLON

FILLER IN

CENTER

230KV RATING — 100% SUZVEL
OILOST TIC HPFF LS

1.824in (46.330mm)

2500 KCMIL CU. COMP. SEGMENTAL
COND. 2 PAPER TAPES ON OPPOSITE
SEGMENTS 1266.8mm?2

~005" STAINLESS STEEL TAPE INTERCALATED

WITH A .005" PAPER TAPE

7—00 "CARBON BLACK PAPER TAPES
ODgD BO ?LACKP E TAPE

1.844in (46.838mm)
1.896in (48.158mm)

2:896in (73.556mm)

(500" WALL LPP INSULATION
NOT_INCLUDING SCRI

TAPES (ogfrm INSULATING TAPES RIGHT

HAN

" DUPLEX CARBON BLACK PAPER
T PE
.005"METALLUZED CARBON ELACK PAPER
TAPE INTERCALATED WITH A 5"CARBON

2.926in (74.230m
2,94 e 2—.002"METALLIZED POLYESTER TAPES

(74.523mm) INTERCALATED METAL FACE TO METAL

FACE
2.948in

—— T DUS'STAILESS STEEL TAPE NTERCALATED
(74.879mm) 002"METALLIZED POLYESTER TAPE|
™~ > ‘0’ sHaPED sTAIN LESS STEEL SKiD
WRES (100X 200°) SPIRALLED OVER ALL|
(1-1/2% BETWEEN ADJACENT
TURNS)

Figure 30: Cable data sheet: 1266,8mm? pipe-t
insulation and stair I trs«l k 1w

able with | ated paper polypropylene

The jacket material fills
the space between wires but
not directly under the wires.

Water swelling powder
may be applied.

Jacket materials are
insulating polyethylene or
semiconducting polyethylene.

Commonly a separator is placed over the metallic shield

Common Jacket Materials
Include:

Insulating LLDPE

PVC

Hypalon

Neoprene

Chlorinated Polyethylene

Semiconducting material
has been used over

Imbedding Type Jacket in CNC
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Overlaying Type Jacket in CNC

Source:

[2]
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Other Needs Associated with Layering

= 4: Flexibility in allowing layers to be defined with multiple materials

-~ Some layers may be combined into a single layer.

— Proposed solution supports that by allowing multiple Material to be associated
with a single layer

IdentifiedObject
Part4_EPRI New Classes: Material

+Material
electricalResistivity20- ElectricalResistivity 2
shortCircuitTemperature: Temperature 0.
Part4_EPRI New Classes: MetallicMaterial Part4_EPRI New Classes
NonMetallicMaterial ‘
isMagnetic. Boolean FillerMaterial
meltingPoint: Temperature 2 thermalResistivity: ThermalResistivity | - N icMateria Thick Thermal Nominal
specificHeatCapacity: SpecificHeat / 0..1 ' - No Description ICKNESS | patails Resistivity Diameter
temperatureCoefficient20: Float 0 (mm) (K.m/W) (mm)
thermalCapacitance: ThermalCapacitance :
MetallicMaterial 1 Qil duct Nom. 0.8 | Galvanized steel N/A 18,0
sreMetallicMaterial 0--} 0. Part4_EPRI New Classes 2 Conductor - Plain annealed copper wires N/A 58,8
InsulationMaterial N P
e 3 Conductor Nom. 0.25 | Stainless Steel tape intercalated 60 553
continuousOperationTemperature: Temperature Binder om. 0. with carbon black paper tape ! !
dielectricConstant. Float
dielectricStrength: VoltagePerLength 4 Conductor Nom. 0.3 Carbon black paper tapes and 50 60,2
dissipationFactor: Float screen o metallized paper tape ! !
emergencyOperationTemperature: Temperature
e 5,0 (Kraft)
InsulationMaterial 5 Insulation Hom Niapenen ok piohlEn: 5,5 (PPLP) 111,2
— o e B . 0.5/20.0/4.5 | laminated paper/Kraft paper 5,0 (Kraft)
—— - E E e LA id
ayer Part4_EPRINew Classes:-CableLayer 6 Insulation Nom.0.4 A metallized paper tape and 50 112.4
| screen carbon black paper tape ! '
diameterOverLayer: Length N -
ihciiayer FaverOrder Inteoet 7 Binder Nom.0.4 Copper woven fabric tape 6,0 113,3
layerThickness: Length | Metallic Corrugated & seamless aluminium
0 MetallicSheathLayef]0. 8 Nom.2.9 (Wave height : Approx. 5.9mm, N/A 131,4
CableLayer}o sheath y
NonMetallicSheathtaye Pitch : Approx. 28.0mm)
Part4_EPRI New Classes  MetallicSheathlLayer -
Part4_EPRI New Classes . InsulationLayer Sealing
armorDescription: String Part4_EPRI New Part4_EPRI New Classes 9 d Nom. 0.2 Bitumen compound 6,0 131,8
insulationLevel: StandardCablelnsulationLevel K AGmor Baolean Classes::ScreenLayer NonMetallicSheathLayer compount
insulationMaterial: WireinsulationKind - isNeutral Boolean A A A 10 Serving Min. 5.0 FR-MDPE compound 3,5 142,8
material CableShieldMaterialKind A A T N
1DC20. ResistancePerLength T T ‘ 11 ‘ lConductlve ‘ Min, 2.0 ‘ Semi-conductive FR-MDPE ‘ 2,5 148
. ayer o !

Source: [4]
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Other Needs Associated with Layering

= 5: Modeling of different types of metallic sheaths, concentric and

A\

tape layers

%
7\

conductor XLP metallic wire
shield insulation shield PVC jacket

+Layer

\farl‘L EPRI

New Classes:-CableLayer /

=~

+BeltedLayer

copper conductor insulation  binder taj

shield

- diameterOverLayer: Length
layerOrder: Integer
layerThickness: Length

0

+CableLayer 0.

tMetaIIl(SheathLayer 0..¢ A\

Part4_EPRI New Classes::InsulationLayer

Part4_EPRI New Classes::Metal\(Shealh Layer

+NonMetallicSheathLayer

- insulationLevel: StandardCablelnsulationLevel
i erial lationKind

armorDescription: String
isArmor: Boolean

isNeutral: Boolean

material: CableShieldMaterialKind
rDC20: ResistancePerLength

0.%

“Screenlayer|  Part4_EPRI New
Classes:ScreenLayer

Part4_EPRI New Classes::
NonMetallicSheathLayer

\

Part4_EPRI New Classes::WireBraidinfo

LPA

il

/ Part4_EPRI New

braidCarriersCount: int
braidwireCrossSection: int
braidWireRadius: int
braidWiresCountPerCarrier: int
braidwireSizeDescription: int

Classes::
'w Clasy€s:-Tapelayer

ConductorScreenLays

Classes:=- Classes::

r nnerSheathLayer | | OverSheathlLayer

Part4_EPRI *

A

Part4_EPRI New Part4 |EPRI New

Part4_EPRI New

Classes::GappedTape

Part4_EPRI New Classes::ConcentricWireLayer - NumberOfTapes: int

- layLength: Length

- tapeGap: Length
~ tapeWidth: Length

Part4_EPRI New Classes:
|_— “SkidWireLayer

Part4. EP}(I New

Classe: latStraps

~  wireHeight: Length
~  wiresCount: int

- wireWidth: Lenath

~  strapCount: int
- strapThickness: Length
- strapWitdth: Length

Part4_EPRI

ParAEPRI New Classes:
Classes:

“RoundWire

~ crossSection: Area

TubularTape

Part4_EPRI New

Part4_EPRI New
Classes::
InsulationScree

/

Part4_EPRI New Part4_EPRI New
Classes:: Classes::

Classes::LappedTape

~| tapelap: PerCent
—| tapeWidth: Length

New -

Part4_EPRI New Classes::
LongitudinallyCorrugatedTape

—  sizeDescription: String
- wireRadius® Length
— wiresCount: int

A AN

—  CorrugationHeight: Length
- CorrugationPattern: CorrugationPatternKind
- CorrugationWidth: Length

BindingLayer

SwellableWaterTapes

Proposed DevXXX (EPRI) Changes
D Proposed New Package/Class
Proposed Package/Class Modification

Classes::
Corr

Part4_EPRI New

Part4_EPRI New Classes:

:SplitConcentric

- ear tion: Area

~  earth’ ConstructionKind: CableConductorConstructionKind

ind

ear ialKind: Wir

- earthWireSizeDescripi
~ _earthWireStrandRDC20:

istancePerlength

Propose:

Proposed New Relationship
. Proposed Relationship Modification

— Proposed Relationship Deletion

© 2024 Electric Power Researc
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Gap 2 - Lack of ability to model materials properties and

custom materials

= Thermal and electrical characteristics
of materials are important for
ampacity and impedances calculation.
Many of those properties can be taken
from standards.

= Proposed approach is to include
Material classes to be associated with:

- Conductor Material

- Conductor Core Material
- Insulation Layer

- Metallic Sheath Layer

- Non-Metallic Sheath Layer
- Screen Layer

- Multi Core cable Filler

- Perhaps other uses outside the scope of
Cablelnfo classes

= Separation between Metallic and non-
metallic materials

= Further specialization of non-metallic
materials for insulation materials

IdentifiedObject
Part4_EPRI New Classes::Material
+Material
- electricalResistivity20: ElectricalResistivity :
- shortCircuitTemperature: Temperature 0.7

A

A

- isMagnetic: Boolean

- meltingPoint: Temperature

- specificHeatCapacity: SpecificHeat
terial| = temperatureCoefficient20: Float

Part4_EPRI New Classes::MetallicMaterial

0/1 - thermalCapacitance: ThermalCapacitanc/

+Filler

+MetallicMaterial

uctorCoreMetallicMaterial9--

0..*

Material

1
L—0..1

Part4_EPRI New Classes::
NonMetallicMaterial

- thermalResistivity: ThermalResistivity | + NonMet

0..%

A

Part4_EPRI New Classes::
InsulationMaterial

continuousOperationTemperature: Temperature
dielectricConstant: Float

dielectricStrength: VoltagePerLength
dissipationFactor: Float
emergencyOperationTemperature: Te mperature

+InsulationMaterial 0..%

1

Required Datatypes (new)

© 2024 Electric Power Research Institute, Inc. All rights reserved.

«CIMDatatype»
Part4_EPRI New Classes
ThermalCapacitance
+ multiplier UnitMultiplier [0..11 = nope {readOnly}
nit UnitSymbaol [C = JPerkKm3 {readOnly}

+ value Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes: VoltagePerlength

+ multiplier_UnitMultiplier [0_1] = none {readOnlyl .
+ value: Float [0..1]

«CIMDatatypex»
Part4_EPRI New Classes
ElectricalResistivity

+ unit UnitSymbol [0..1] = ohmm {readOnly]
+ value Float [0..1]

+
+
+

i

+ value: Float [0..1]

. t iMulrinlier (011 = nooe {eadk

«CIMDatatype»
Part4_EPRI New Classes: . ThermalResistivity

multiplier_UnitMultiplier [0..1] = nooe {readOnly!
1 tSymbol [0.,1] = KmPerW {readOnly!

value: Float [0..1]

«CIMDatatype»
Part4_EPRI New Classes: SpecificHeat

=2l
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Gap 3 - Lack of clarity on CableConstructionKind

= CableConstructionKind enumerations mix conductor stranding with shape
— Proposed approach:
= Clearly differentiate conductor shape from stranding;

= Also, rename CableConstructionKind to CableConductorConstructionKind so that
construction kind is self-explanatory (applies to cable conductor, not the cable itself

— in which case, MultiCoreCablelnfo.cableConstruction)

TUIMEraticn
Assetinfo

CableConstructionkKind

L

CoOmpactad

compressed

F

5]
—r

v

ector

© 2024 Electric Power Research Institute, Inc. All rights reserve

«enumeration»

Part4_EPRI Modified Classes::
CableConductorConstructionKind

solidRound
strandedConcentricRound
strandedCompactRound
strandedCompressedRound
solidSector
strandedSector
strandedCompactSector
solidOval

strandedOval

segmental
strandedProfiledRound
other

d. =2l



Gap 4 - WirelnsulationKind mixes insulation materials with

cable installation/construction

= Proposed: Remove beltedPilc, unbeltedPilc and
highPressureFluidFilled

«enumeration»
Assetinfo::WirelnsulationKind

asbestosAndVarnishedCambric

butyl

ethylenePropyleneRubber
highMolecularWeightPolyethylene
treeResistantHighMolecularWeightPolyethylene
lowCapacitanceRubber

oilPaper

ozoneResistantRubber

! le s Dl
DoitCaT 1ic

unboltodDile

rubber

siliconRubber

varnishedCambricCloth

varnishedDacronGlass

crosslinkedPolyethylene

treeRetardantCrosslinkedPolyethylene
P oF £

other

32 © 2024 Electric Power Research Institute, Inc. All rights reserved.
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Gap 4 - Use of Conductorinfo.massPerLength

= Proposed: consider removing Conductorinfo.massPerLength and
use Weight class.
— A per-length weight attribute in the Weight Class might be needed.

+Asset [ 0..
IdentifiedObject|
Part-4 Modified Classes::Asset

Part-4 New Classes::Conductorinfo + acceptanceTest: AcceptanceTest [0..1]
5 + baselineCondition: String [0..1]
+« crossSection: Area + baselineLossOfLife: PerCent [0..1]
+ massPerLength: MassPerLength + critical: Boolean [0..1]
+ material: ConductorMaterialKind [0..1) + electronicAddress: ElectronicAddress [0..1] IdentifledObject
+ purpose: String + inUseDate: InUseDate [0..1] Part-4 New Classes:‘Weight
+ rAC25: ResistancePerLength [0..1] + inUseState: InUseStateKind [0..1] . -
+ TACSO: ResistancePerLength [0..1] + kind: AssetKind [0..1] ey, +Weight 5 ,:ndw‘l"a?}t—‘;‘nd i
|+ 1AC75: ResistancePerLength [0..1] + kindOther: String [0..1] maxWeig ass [0..
+~ rDC20: ResistancePerLength [0..1] + lifecycleDate: LifecycleDate [0..1] 0.1 ox]t minWeight: Mass [0..1]
1 : |+ lifecyclestate: AssetifecyclestateKind [0..1] + otherKind: String
K “|+ lotNumber: String [0..1] + weight: Mass [0..1]

+ position: String [0..1]

+ purchasePrice: Money [0..1]

+ retiredReason: RetiredReasonKind [0..1]
+ serialNumber: String [0..1]

+ status: Status [0..1]

+ type: String [0..1]

+ utcNumber: String [0..1]

+Asset | 0..1 +Assets | O..

+Assetinfo | 0..1

IdentifiedObject]
Assetinfo::
Assetinfo

A-0..1
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