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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.

▪ Identified gaps are being documented and proposals are being 
developed.

▪ Focus is given to template data.

Tool Vendor Main Application

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
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Identified Gaps
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1 – Lack of flexibility to handle varying cable 

configurations/layering and associated attributes

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

Low-Voltage Application: Source Submarine Application: Source

https://prysmian-group.dcatalog.com/v/Electric-Utility-(US)/?page=1
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.iscpc.org%2Fdocuments%2F%3Fid%3D1755&psig=AOvVaw1LJrhjSuRwq0JB78unlfcM&ust=1717249045003000&source=images&cd=vfe&opi=89978449&ved=2ahUKEwiWuOirgbiGAxX3AGIAHQboBAYQjhx6BAgAEBY
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1 – Lack of flexibility to handle varying cable 

configurations/layering and associated attributes

▪ A thorough investigation of different cable types and applications 
revelated the existence of typical types of layers

1- Conductor
2- Water Blocking Layer
3- Conductor Screen Layer
4- Insulation
5- Insulation Screen Layer
6- Water Blocking Layer
7- Metallic Sheath/Shield Layer
8- Water Blocking Layer
9 – Outer 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) 
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1 – Lack of flexibility to handle varying cable 

configurations/layering and associated attributes

▪ Issue 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

(1) Core + Conductor Screen

(2): (1) + Insulation

(3): (2) + Insulation Screen

(4): (3) + Any layers between insulation 
screen and outer most jacket

Metallic Sheath/Shield Layers. 
Either Tape or Concentric.
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1 – Lack of flexibility to handle varying cable 

configurations/layering and associated attributes

▪ Issue 1.2: Modeling of belted layers in multi core cables is not 
supported

No attributes relative to belted layers

Submarine Application: Source

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.iscpc.org%2Fdocuments%2F%3Fid%3D1755&psig=AOvVaw1LJrhjSuRwq0JB78unlfcM&ust=1717249045003000&source=images&cd=vfe&opi=89978449&ved=2ahUKEwiWuOirgbiGAxX3AGIAHQboBAYQjhx6BAgAEBY
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1 – Lack of flexibility to handle varying cable 

configurations/layering and associated attributes
▪ Issue 1.3: CableInfo existing specializations TapeShieldCableInfo and 

ConcentricNeutralCableInfo are limiting. In reality, tape and concentric conductors 
are just layers in the cable, and a cable can have one or more of each.

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]



© 2024 Electric Power Research Institute, Inc. All rights reserved.12

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, WireInsulationKind are 

helpful but are limited since multiple values can be defined within 

a single standard

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

custom materials

▪ Example from CYME (9.4 r1)



© 2024 Electric Power Research Institute, Inc. All rights reserved.14

3 – Lack of clarity on CableConstructionKind

▪ 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.

Stranded concentric

Stranded, with compact stranding
Stranded, with compressed stranding
Sector shape. The conductor can assume different stranding.

As opposed to stranded
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3 – Lack of clarity on CableConstructionKind

▪ 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 Solid

Round Stranded (Concentric)

Round Stranded (Compressed)

Round Stranded (Compact)

Round Stranded (Profile Strands - 
wires are not originally round)

Round Segmental

Sector Solid

Sector Stranded

Shape Stranding

Sector Compact

Sector Compressed

Oval Solid

Oval Stranded

Oval Compact

Oval Compressed

Round

Sector

Oval

Solid Stranded Compact

Solid Stranded

Segmental
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4 – WireInsulationKind mixes insulation materials with cable 

installation/construction

Insulation is Oil Paper

Insulation is Oil Paper
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5 – Use of ConductorInfo.massPerLength

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

▪ Property itself seems redundant with recently added Weight class
▪ It seems reasonable to have a per-length weight to Weight class
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Proposed Model to Address Gaps and Identified 

Needs



© 2024 Electric Power Research Institute, Inc. All rights reserved.19

Proposed Modeling (Current Draft)

Layer Classes

Main 
AssetInfo 
Classes

Materials
Classes

Enumeration Classes

Datatype 
Classes
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Gap 1: Lack of flexibility to handle varying cable 

configurations/layering and associated attributes

▪ Approach: proposed CableLayer class
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Gap 1: Lack of flexibility to handle varying cable 

configurations/layering and associated attributes

▪ Approach: proposed CableLayer class

– 4 specializations based on the material and role of layer, main factors to 
be considered in ampacity and impedances calculation
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Gap 1: Lack of flexibility to handle varying cable 

configurations/layering and associated attributes

▪ Approach: proposed CableLayer class
– Deprecate ConcentricNeutralCableInfo class and introduce ConcentricWireLayer 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 concentric neutral 
(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 TapeShieldCableInfo class and introduce TapeLayer class
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Gap 1: Lack of flexibility to handle varying cable 

configurations/layering and associated attributes

▪ Approach: proposed CableLayer class
– Issue 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
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Gap 1: Lack of flexibility to handle varying cable 

configurations/layering and associated attributes

▪ Approach: proposed CableLayer 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 

CableLayer class. Association to CableInfo and MultiCoreCableInfo dictates type of layer
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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., 1st belted layer →1, 2nd 
belted layer →2, etc.)
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Other Needs Associated with Layering

▪ 2: Handle Layer Dimensions by Thickness and Diameter → 
diameterOverLayer 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]
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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.
– Case 2: Imbedding type jacket in Concentric Neutral Cables 
– Proposed solution supports this by allowing multiple layers with the same layerOrder

Overlaying Type Jacket in CNCImbedding Type Jacket in CNC

Source: [4]

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

Source: [4]
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Other Needs Associated with Layering

▪ 5: Modeling of different types of metallic sheaths, concentric and 
tape layers
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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 
CableInfo classes

▪ Separation between Metallic and non-
metallic materials

▪ Further specialization of non-metallic 
materials for insulation materials Required Datatypes (new)
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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, MultiCoreCableInfo.cableConstruction)
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Gap 4 – WireInsulationKind mixes insulation materials with 

cable installation/construction

▪ Proposed: Remove beltedPilc, unbeltedPilc and 
highPressureFluidFilled
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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.
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Sample Cases
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