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 In the electric utility industry, it seems that everything 

we design is “just like that one, only different." Using 

Autodesk® Inventor® software we can easily alter 

standard content with intelligent model based design. 

These exercises show how the relationships between 

parameters, formulas, iProperties and dimensional 

constraints in sketches work together to ultimately auto 

update drawings and Parts List. 

Class summary



At the end of this class, you will be able to:

 Create standardized content using improved sketching techniques

 Alter standard models to fit any unique application

 Quickly generate quality construction drawings

 Create an accurate parts list using intelligent 3D models

Key learning objectives



Speaker Introductions



 7 yrs. at NES
 Previous to NES, 17 years’ experience in manufacturing industry.

 Use Autodesk Inventor to document substation designs. This includes field checking and using 

existing paper drawings then transferring this information into Inventor format.

 Have used AutoCAD since 1989 and previous to NES, has 8 years’ experience using Pro-

Engineer.

Chip Cullum

Senior Associate Engineer – Substation Design

 About Substation Design
 3 Designers and 2 Engineers

 68 Primary Substations – 30 Customer Substations

 Build 1 new Station every 2-3 years and work 15-25 Station upgrades per year

 AutoCAD® Version 1.2 - 1985

 AutoCAD® Map3D – 2007

 Autodesk® Inventor® since 2008 & Substation Designer Suite since 2010



 30 Years in Substation Design
 Designing physical substation layouts including foundations, conduit, grounding and structures

 Devise workflows and procedures

 Managed the implementation of Inventor & Substation Designer to create intelligent substations models

 About Nashville Electric Service
 Publicly Owned Utility – Distribution and Transmission

 Purchase power from Tennessee Valley Authority at 23 feed points

 Over 359,000 customers covering 700 sq. miles, including all of Davidson Co. and part of 6 

surrounding counties

 NES is one of the 12 largest public electric utilities in the nation

 2010 – One of 6 utilities in the nation awarded APPA’s Reliable Public Power Providers (RP3) 

Diamond Status, the industry’s highest designation for reliability  and safety.

Terri Humel

Principal Associate Engineer – Substation Design





 Start with a PART TEMPLATE with the functionality to update the BOM 

information by using parameters, formulas and dimensional sketch constraints

 Alter a library part of a typical circuit breaker by editing the dimensional values 

in the sketch.  One library part can be used for several different circuit 

breakers

 There are several more ways to use standard library parts in specific 

installations just by altering the sketch

Where we begin



Part Template

Open from 

Desktop

Pick to toggle 

between formula 

and description

Change the value of 

“LTH” to 18

Change the value of 

“WTH” to 18 

1

2
Click 

Update

Turn off 

visibility

3



Part Template

4

5
Change value 

to 1 as shown

Change value to 1 

as shown

Double click 

to edit

OR
Less chance of human 

error when the values in 

the description formula 

are populated from the 

sketch parameters

6 Save and close the PLATE TEMPLATE



Typical Circuit Breaker

1

2

1) Double click to 

edit Sketch1

3) Double click to edit 

dimension to 3’-0”

Enter inch w/o unit string or 

feet with unit string

2) Double click to edit 

dimension to 4’-0”

1) Double click 

to redefine 

Work Plane1

2) Type in 30 

and enter



Typical Circuit Breaker

3

4

1) Double click on 

Extrusion3 to edit

2) Subtract 15 from existing dimension 

as shown

1) Expand 

iFeature6, Edit 

Sketch37

2) Double click on 

dimension to edit

3) Type in 8 and Enter



Typical Circuit Breaker

7

6

5

1) Double click 

to edit 

2) Change the 

spacing to 20 3) Bushing too close 

to edge Change the 

spacing to 18 

1) Double Click 

Sketch3 to Edit

3) Type in 6 

and Enter

Save and close the file

2) Double Click 

on angular 

dimension to edit





 Use one Standard Sub-Assembly for multiple applications

 The constraint relationships between the parts allows the model to adapt to 

dimensional changes

 Use pattern spacing and constraints to make a standard model for a specific 

installation 

 The assembly and drawing will automatically update as the model is altered.

Standard Sub-Assembly



Standard Bus Support Model

Open the file STANDARD-BUS-SUP.iam

2

1

2) Select Z axis

1) Select PL-02

Z axis

Direction

PL-02

1) Select 

direction

2) Select spacing 

“SPC23” from 

parameter list

CH-013



Standard Bus Support Model

4

161kV Spacing 

(SPC161) = 9’-0”

23kV Spacing 

(SPC23) = 3’-6”
69kV Spacing 

(SPC69) = 6’-0”

TYPICAL PHASE TO PHASE SPACING

User Parameters are set up to correspond to the phase 

to phase spacing for different voltages as shown below. 

Type in Offset 

value as shown

Pick the top 

of CH-01

Pick the bottom 

of PL-01



Standard Bus Support Model

5

The Standard Bus Support Assembly 

is complete.  Save as BS-01 to keep 

the Standard Assembly pristine.  

(Select “Yes” to replace existing 

BS-01 file.)

6
Select bottom 

of plate PL-05

Select top of 

square tube TB-01

Adaptive 

icon

DO NOT CLOSE
7



Standard Structural Models 
2

1

3

Expand 

PLAN1

Right Click to Open

1) Expand 

TB-01

2) Double click 

Sketch1

3) Double 

click WALL1

Open 161-BAY-LAYOUT.dwg



Standard Structural Models 

4
The constraint relationship 

causes the plate move 

according to the tube 

dimensional changes 

Replace Independent 

PL-02 with PL-04 

Red x represents 

Element2 is 

Independent Element 

Ground PL-04 

5



Standard Structural Models 

7

6

1) Double Click on 

Component 

Pattern6 to Edit 

3) Select 

“SPC161” 

2) Right click 

and pick List 

Parameters



Standard Structural Models 

9

8

1) Double Click 

on Mate;38 

2) Enter 

“-18ft”

1) Expand 

Component 

Pattern6, Element1 

and CH-01 

3) Select 

“SPC161” 

2) Right 

click and 

pick List 

Parameters



Standard Electrical Models

2

3

1) Double 

click to edit 2) Double click 

and enter 77

1) Double 

click to edit

2) Select 

“SPC161”



1) Select 

“Above Grade 

Tools”2) Select 

“Update Cables”

3) Select Cable 

and repeat for 

each cable

Standard Electrical Models

4 5

2) Select 

Switch Lug

3) Select 

Breaker 

Lug

1) Select “Pick 2 

fittings to Add 

Cables”



4/0 Bare 

CU Cable

Bus Support Spacer 

height calculated from 

parameters

Standard Electrical Models

6

7 2) Choose to 

resize cable

1) Pick PT 

Lead to edit



BOM reflects 

the revised 

cable

Bus Support Spacer 

height is recalculated

1) Pick Bus 

“SBTA35-AU”

3) Un-suppress 

Insert;96

2) Expand 

“SBTA35-AU”
Insert;96 

Surface 1 and 

Surface 2

Standard Electrical Models

8

9



1) Edit Component 

Pattern3

3) Un-suppress 

Insert;95

2) Expand 

Element1 and 

“SBTA35-AU”

Standard Electrical Models

10

11

Select to 

pattern

1) Select 

direction

Select to pattern

1) Select 

direction

2) 3 Rows

3) Pick Spacing

2) 3 Rows

3) Pick Spacing

12





 Use a standard assembly to place Views, populate the Title Block, place 

Dimensions, Balloons and the Parts List. 

 Replace the standard assembly using the Replace Model Reference tool. The 

Views, Title Block, Dimensions, Balloons and Parts List update to the values 

of the new model automatically

Generate Drawings



Standard Drawings 

1

2

2) Change 

scale to 

½”=1’

3) Turn off 

View 

Label 

visibility

4) Drag up 

to create top 

view

1) Place 

dimensions

2) Pick beam 

WB-00

3) Select 

Structured

1) Browse to BS-00 and open



Standard Drawings 

3

4

1) Place “Leader 

Text” to TB-00
3) Pick 

“Description”

4) Click to add 

Text Parameter

2) Pick “Properties-

Model”

2) Select 

View

3) Pick STR 

DIAGRAM PList

Style

1) Pick Parts 

List icon



Standard Drawings 

5

6

1) Click BS-00 2) Pick 

Browse icon

3) Double click 

on BS-01

Auto updated 

Parts List

Auto update 

Title Block 

Auto 

updated 

Balloons

Auto updated 

Leader Text

Auto updated 

Dimensions





 Balloons, Parts List Styles, Bill of Material (BOM) and Parts List work together 

to present the information about the parts contained in an assembly

 Customize the display of data in the Parts List using Parts List Styles 

 The BOM Structure affects the display of data

 Correct information in the BOM vs. correcting information in the Parts List.  

3D Model to BOM to Parts List



Parts List Styles

1

2

1) Select Parts List icon

2) Pick Plan 

View

3) Select “ELECTRICAL 

BOM PList” from the styles 

drop down menu

Styles 

Menu

Right click and 

Select to edit Parts 

List Style



Parts List Styles

3

4

1) Pick 

Column 

Chooser

3) Change 

“Width” to 

3.000

2) Remove “INST”, 

“REMV” & “TRAN” 

from Selected 

Properties

Pick Parts 

List Style to 

update



Balloons and the Parts List 

1

2

1) Pick 

Balloon

3) Pick 

“Structured”

2) Pick 

Structure

The view is 

preselected to 

match the 

Balloons

Pick from 

Styles drop 

down menu



BOM vs. Parts List

1

2

Right click and 

pick ”Bill of 

Material

1) Make 

current

2) Double 

click

3) Select 

“Phantom”



BOM vs. Parts List

3

4

Changing the BOM 

Structure to Phantom hid 

the BS-01 assembly and 

listed the parts {

1) Make 

Parts Only 

tab active 

2) Delete from 

Description as 

shown



BOM vs. Parts List

5

6

Manufacturer is deleted from 

Description of Parts List 

Manufacturer is deleted from 

Description of the BOM

Delete from 

Parts List

CU Code/Part Number is 

deleted from the Parts List

CU Code/Part Number is 

still populated in the BOM





 Inventor is perfect for Substation Design because it seems each job is the 

same as the last job except...different  

 It all starts with a sketch in a template that uses parameters and dimensional 

constraints adjust the part and information for the Parts List  

 When the parts are modeled correctly, the assemblies, drawings and Parts 

List carry the intelligence to automatically update themselves as design 

changes to the model are made 

The Same but Different
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