Designing Substations Part by Part
with Autodesk® Inventor®
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Class summary

* 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.
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Key learning objectives

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 guality construction drawings

= Create an accurate parts list using intelligent 3D models
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Chip Cullum
Senior Assoclate Engineer — Substation Design

a7 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.

= 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
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Terri Hume|
Principal Associate Engineer — Substation Design

= 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 sqg. 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.
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Where we begin

= Start with a PART TEMPLATE with the functionality to update the BOM
iInformation 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
iInstallations just by altering the sketch
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Part Template

D Workspace
€ Libraries
("] Content Center Files

1

.....
N

AUTODESK UNIVERSITY 2013

General | Summary Project Status | Custom | Save | Physical
Location: 'C:Wsers\Terri\Dropbox\AU2013\WorkSpace
File Subtype: 'Modeling

Part Number: PlateTemplate
Stock Number:

Description:

Lookin: | |, WorkSpace-AU13 v

Change the value of

“WTH" to 18

Name ;l\

, Conduit
. Design Data Open frOm

, Electrical DeSktOP
, OldVersions

. StandardLibrary
, Structures

[ WY < WY < WY < W < W<

&. Templates
& | ELECTRICAL.dwg
| GZIJPLATE TEMPLATE.ipt

« | STRUCTURAL.dwg

Pick to toggle
between formula
and description

' =PL <THK> x <WTH> x <LTH>

v M

({) PLATE TEMPLATE.ipt
++- £ Solid Bodies(1)
% 7= View: Master

&

— [ Origin

[#]

J?gEImh:MZ Turn Oﬁ:
__%E:::E visibility
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Part Template

Extrude : Extrusion1 ﬂ
?| # Shape More
[{) PLATE TEMPLAT Extonte
£ Solid Bodies _
5= View: Maste DOUbIe CI|Ck EI Distance W
) orior to edit i | EPopetD
2] Sketch1 O edi Change value B! PLATE TEMPLATE.ipt iProperties
(7! Extrusion1 Output -
@ End of Part ‘ ‘ =10 = — to 1 as shown General | Summary Project  Status | Cystom | Save | Phucical
OR s i CiUsersiTeriDrd  LESS chance of human
Parameter Name Unit Type Equation File Subtype: Modeling error When the Values IN
the description formula
: Change value to 1 6 in 4 Part Number: PlateTemplate Ipt df h
are popuiated irom tne
as shown 12" SR s Pop
; P~ o sketch parameters
- d3 — den_ 0.0 deg Description: PL1x18 x1"-6" —
Jaa THK is consumed I::;.-'IE:-:I:rusln:n'I 11116l

6 Save and close the PLATE TEMPLATE
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Typical Circuit Breaker

(] F23-1200A-220KA.i
£ Solid Bodies(1)

n,’,fn View: Master
| Origin

1) Double click to
edit Sketchl

| Sketch1
ﬂ]T Extrusion
ﬂ]T Extrusion2
Work Planed
121 Sketch2

ﬂ]T Extrusion3
ﬂ]T Extrusiond
=] Sketch3

ﬂ]T Extrusionh

ﬂ]T ExtrusionG

iFeaturet:1
ﬂ]T Extrusion7
(P Fillet1

EE Rectangular Patterni
(/e Mirror14
iFeature?:1
iFeature?:2

!é/! AUTODESK UNIVERSITY 2013

= fu:64.00

2) Double click to edit
dimension to 4’-0”

=% El_uﬂ

~=+—fw: 30000 —————=

0) Edit Dimension : d3...

T

f!:?ll]t

4.500-

fx:52

000

4l_un

1.500

48|

>

Enter inch w/o unit string or
feet with unit string

=(. 500}
— 1.50p
: . o || (3.500)
3) Double click to edit ‘_%ﬂﬂ,
dimension to 3’-0” (3.500)

@T Extrusion
@T Extrusion2
Work Plane1

L @x e

qi¢ 1) Double click

M E -
s to redefine

T7tel. Work Planel

EﬂT Elxrror=romm
iFeatureG:1

|j]'|' Extrusions

Filletd

EE Rectangular Patternd

[ Mirrord4
iFeature?:1
iFeature2:2

2) Type in 30
and enter
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Typical Circuit Breaker

mExtrLlsiDnd
] Sketch3
mExl:rLlsiDnﬁ

m AUTODESK UNIVERSITY 2013

2) Subtract 15 from existing dimension

Clongin | 1) Double click on

77.42in15] >

(It extrusi{ Extrusion3 to edit

R

Match shape

as shown

[T Extrusion6
E IFeature6:1
L [L | Sketch37
& [T Extrusion7

— (P Fi

B g R

— | Sketch2

+ (JIf Extrusion3

E: (! Extrusions

— L] Sketch3

E (! Extrusion5

4

1) Expand
IFeature6, Edit
Sketch37

2) Double click on
dimension to edit

3) Type in 8 and Enter
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Typical Circuit Breaker

.5 Solid Bodies{1)
-_T- View: Master
["] Origin

71 Sketch

[T Extrusion1

spacing

[T Extrusion6

L4
L [L| Sketch3?

(9 EE

2) Change the

7 - Rectangular Patterni

B | " ¥

to 20 I “* | 3) Bushing too close
> o 2
i to edge Change the
> % 1.0in :
spacing to 18

Spacing

Cancel

1) Double click
to edit

7 Save and close the file

[3’ AUTODESK UNIVERSITY 2013

2) Double Click
on angular
dimension to edit

.5 Solid Bodie{
T= View: Maste
] Origin

| Sketchd
[T Extrusion1
[P Extrusion2
Work Plane1
| Sketch2

3) Typein 6
and Enter

1) Double Click
Sketch3 to Edit

EUT Extrusion ”

[ Fillet1
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Alter standard models to f|t any"nlhu
application I

[
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Standard Sub-Assembly

= 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.
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Standard Bus Support Model

1 Open the file STANDARD-BUS-SUP.iam 3 &
—_—
1) Select
B = ' direction
X 2) Select Z axis

]2 Axis I

- Center Point Pattern Component H
Pattern Component
) TB-01:1 [ Component p
%@ EE HH [:.3 Component
Circular a oe P
- ) == L
1) Select PL-02 s o i —
Component Pattern 12:1
= ° 7 o Element:1 G:g 4ul ? [:'3 M h .tg]
@E”‘N” < 90,00 deg > 3 8 s ou
ig Element:2
EE Element:3 'Q) 2.00 in n Parameters
@ oK Cancel sPC161 |
SPC23
SPCG9 .
PL-02 2 2) Select spacing

“SPC23” from
parameter list

‘w84 | Direction ?\l/
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Standard Bus Support Model

Pick the top
TYPICAL PHASE TO PHASE SPACING of CH-01
User Parameters are set up to correspond to the phase \ i
to phase spacing for different voltages as shown below. 4 :

i -1 SPC161 in 90"
161kV Sp?CII:‘g,, * SPCE9 in 6'-0" Place Constraint H
(SPC161) =9 -0 : SPC23 in 3-6" Assembly | Motion  Transitional =Constraint Set
: P Ao @A kthk2 O
69kV Spacing 23KV Spacing Offset: Solution
- Q' N SPC23 = 3’_6” ’1-12U'| }|
(SPC69) = 6"-0 ( ) /L{W -
Type in Offset [ =

value as shown

Pick the bottom
of PL-01
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Standard Bus Support Model

D

e~
Adaptive
icon

05 STANDARD-BUS-SUP.iam
D Relationships
Eﬂ Representations

Component Pattern 4:1

Mé&o R

Place Constraint

Assembly | Motion | Transitional | Constraint Set

Type Selections

Pl ®m o k1 k2

Offzet: Solution

0,000 in > %

@ OK Cancel

m AUTODESK UNIVERSITY 2013

L6

&F

Apply Eos

Select bottom
of plate PL-05

Select top of
square tube TB-01

N

6

The Standard Bus Support Assembly
iIs complete. Save as BS-01 to keep
the Standard Assembly pristine.
(Select “Yes” to replace existing

BS-01 file.)

7 DO NOT CLOSE
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Standard Structural Models

] ¥

1 Open 161-BAY-LAYOUT.dwg

REN o~ 14T $ To—

[wx]
A

AN | |

[

!}/IQ AUTODESK UNIVERSITY 2013

'"i I
Top of Fd Taj l I I
I 4 o - o | E D'—'J
FRONT
SHEET 2 OF 3 SHEETS | FINAL PLOT: S15/2013
S L L e 161kV BREAKER BAY
ELECTRIC SERVICE | SUUCTURMLASSRERLY
NASHVILLE, TENNESSEE AU2013 | NONE |STR-H-BA‘I" A
|

1) Expand
TB-01

]

2

Expand

—+ [ Structural:2

S 161-BAY-LAYOUT.dwg

Default Border

o TB-10000
[ Sketched Symbols
-1 {1 PLAN1:161-BAY-STH

PLAN1

”
d gFLANSﬂEd-BM- ;

Right Click to Open

£7]161-BAY-STR = Repeat Open

#- [ Str-Detail:3

Open
EéE Bill of Materials. ..

?| {g Modeling View -

X

.| Sketchi

(T Extrusion1

() End of Part

- & Component Pattern 1:1
7 () PL-03:1

7 (1) PL-03:2

- (] PL-05:1

7 (1) WB-01:1

+ & Component Pattern 2:1

2) Double click

Sketchl

fx:BENDR=THK +0.5in

3

—TH:WA LL2Z=WALL1—

-

3) Double
click WALL1

THK = 0,25 in—

WALLYT=5In

Edit Dimension : W...
6 in] >|[v

{\ AUTODESK.




Standard Structural Models

4

The constraint relationship
causes the plate move
according to the tube
dimensional changes

w AUTODESK UNIVERSITY 2013

Red x represents
Element2 is
Independent Element

(] PL-03:2

Add to New
Selection
O [solate

Ctrl+C

Folder

@ PL-05:1 IZI{H Undo Isolate

(] WB-01:
G0
&g GOmMpo

Substitute
+I+D Free Mowe

%~ Free Rotate G

Representa

Component
EF'_ Show Relati

Measure

Create Note

tion...

onships

BOM Struct

Ground PL-04

v Visibility
iMate Glyph
Grounded

%{/

Replace Independent
PL-02 with PL-04
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Standard Structural Models

1 BS-01.1am
| Relationships
Reputmﬂ:aﬁmts
| Origin
(53 PL-04:1
< { TB-01:1
53 PL-04:1
@i Component Pattern 5:1
" o Element:1
- Element:2
o Element:3
., Element:4
* [ PL-03:1
+- [ PL-03:2 Parameters
* 1] PL-05:1 _ [GyBS-01.iam
= () WB-01:1 Parameter Name Ur| Equation Momirt | Driving Rule Tec| Mode! | Ke E £ Relationships
£ Solid Bodies(1) — | Model Paramet... | 50 Representations 4
E;‘s;n b T in [SPC23*2ul +10.5in >04.... @ 94.... & PL-01:1
— ool da .o, ) TE-01:1
' ZI Sketch1 d.19.9de0 by rameters O100... I é?ﬁm
- ] . in |[3in/8u (10.8... (T :
7+ (J Extrusiont W . IR w.# Component Pattern 5:1
71 Sketch2 o= spc2s Ot |T £ a Element:1
- SPCEO '}ﬁ Element:2
gixt;uilopni = Add Numeric |v Upl WTET Reset Tolerance Eﬂ Element:3
- nd ot Fa : LTH + A Q — T2 Element:4
+ "2 Component Pattern 6:1 () Link (TR TR prre & () PL-03:4
R - () PL-03:2
- () PL-05:1
B () WB-01:1 . .
[]—E::Gornponentl'-‘aﬂem 6:1 2) nght ClICk
Edi) . .
7 . and pick List
H Compeon
1) Double Click on
) 3 Parameters
Component Colum
. by | 4 A
Pattern6 to Edit -
® u

<> [spcza >

3) Select
“SPC161”

@)
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Standard Structural Models

b

2]
?l {;Assemblv‘u'iew - h

5 B5-01.iam

D Relationships
Representations

[ Origin

[ PL-01:1

S TB-01:1

[ PL-04:1

l!:} Component Pattern 5:1

Eﬂ Element:1
332 Element:2
Eﬂ Element:3

oo Element:4
- () PL-03:1

- () PL-03:2
£
£

i () PL-05:1
i [ WB-01:1
=+ £ .o Component Pattern 6:1

B & 2 Element:1

— o= View:
- [ Origin
— (Zi Sketch1
— =] Sketch2
— P Mate:25
— P Mate:26

g BFlush:32 (42.000 in

42 in

= () CH-01:1 Edit Dimensiomn ;

2) Right
click and
pick List

Parameters

1) Double Click
on Mate;38

M AUTODESK UNIVERSITY 2013

3) Select
“SPC161”

5 PL-01:1

) TB-01:1

5 PL-04:1

!2} Component Pattern 5:1

EE Element:1
332 Element:2
gﬂ Element:3

32 Element:4
+- (] PL-03:1

1) Expand
Component

Pattern6, Elementl

and CH-01

H

- () PL-03:2

- () PL-05:1

- () WB-01:1

= E:: Component Pattern 6:1
B oo Element:1

5 () CH-01:1

/ —T}View:
&[] Origin

— 7l Sketchd

— ]| Sketch2

— P Mate:25

— P Mate:26

— 5 Flush:32 (108.000 in)
gat= g Mate:38 (-120.000 in)
B EE Element:2

& I g Element:3

Edit Dimension : d1...
EEANS >|[v
\ T

2) Enter
“_ 1 8ft”

{\ AUTODESK.



Standard Electrical Models

| =

[2)

?| “@ Modeling View ~ &4

2

() SBL35A4HPK-AU:1
- () SPSWH2000-H01-1:1
.5 Solid Bodies{1)
o= View:

[~] Origin

Ly

1) Double
click to edit

.| Sketch1

[J! Extrusiond
121 Sketch2

[ Extrusion3
7| Bketch3

[J} Extrusion4
&= Revolution
&= Revolution2
&= Revolution3
[J! Extrusion5

M AUTODESK UNIVERSITY 2013

and enter 77

2) Double click '-_'-_-'—"—

PADHTH=78in

Bl
:I-MJEE
¢

?| {ﬁMudelianiew -

F=]Revolutiond
i j|Extrusion
3 {Extrusiont
1 j{Extrusion]
3 {Extrusions

.71 Sketch4

o

i j{Exirusiond
i j{Exirusionto

.| Sketch5

=

L= ]Sweep?2
(7t
[ Work Planed

.| Sketchb

1) Double
click to edit

=

==

i JEdrusiont
3 j{Extrusiont3
1 {Extrusiont
i {Exirusionts

(23 End of Part

oo Rectangular Pattern3

-

=

Rectangular Pattern : Rectangular Pa...

E Features

$ L soid =3
Direction 1 Direction 2 Sy _EL% §E§
= ALY 7 s ,il:—‘f;- E‘%
°°* 3ul > 2 2) Select | : :f
<0 SPCE9 <10l “SPC161” t;:-
Spacing v T / ¥
@) OK
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Standard Electrical Models

. —— —_— = - . ‘.’-.‘-"-:-‘ =% Rotate ltem...
Environments  Get Started  Autodesk 360  SubStation Design  EalJotREl T R E ] & 7 g _
I . - . i Add Demo Content
o Ftg Pick 2 Fittings  Edit Cable Delete Cable Update Cables

@ Rotate ltern... F | Add Mast.. ¥ De . ) ,
' ; > i to Add Cable Settings...
- "l Add Demo Content ' 32 Edit Sh - =
Update Cables b Add Shield Wire... 1) Select | /\ slgleid | stz dlf e ‘

. Settings... M @® Edits
| Cable Utilities | Lig

“Above Grade 1) Select “Pick 2

2) Select U Tools” fittings to Add 2) Select

Update Cables Cables” Switch Lug

3) Select Cable
, ¢ and repeat for
each cable

3) Select
Breaker
Lug
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Standard Electrical Models

S o

-

4/0 Bare P
CU Cable

!}/! AUTODESK UNIVERSITY 2013

G

»

B-001

Title

VARAVQQQAQE

Model Data | T~ Structured E= Parts Only

M| Base Unit | Base QTY | QTY | Part Number Description

B-004 ft 8.92272... 9ft SBCC4I05 CABLE CU B5D 4/0 195

B-0049 ft *Wane=z* 421 SBCA1351 CABLE AAC BARE 1351.5 KCM 61

B-02 ft 1ft 2ft  S5BTA3S TUBING AL 3 1/2

B-03 Each Each 2 SBEL35A4HPK TEREMINAL LUG 3 14/2 AL 4H POWERLOK
B-032 Each Each 12 SBL1351A4H TEREM LUG 1351.5 AAC 4H

B-04 Each Each 1 BUS Support Spacel’ IDED

B-05 Each Each 2 . BE POWERLOK
8130 |Eaxch | Each > height calculated from

E-01 Each Each 2 parameters iBC BUS SUPPORT
E-02 Each Each 2 T161kV 5BC
M-014 Each Each 1 SPACER-AU SPACER BUS SUFP;S%E 2in

M-01E Each Each 1 SPACER-PT SPACER BUS SUPPORT BE

2) Choose to
resize cable

1) Pick PT
Lead to edit

Edit Bare Cable / H
/

Cable Size:

CABLECUBSD 40135 | / v

Sag Percent”

Add Mid

* Enter 0 o re

CABLE ACSR BARE 1/0 &
CABLE AAC BARE 1351.5] A &1
CABLE ACSR BARE 2 671

CAELE ACSR BARE 4/0 ¢
CABLE ACSR BARE 477 1841
CABLE ACSR BARE 735 361
CABLE CU BHD 17D 75

CABLE CU BSD 1000 MCM 615
CABLE CU BSD 1500 MCM 315
CABLE CU BHD #2 75

CABLE CU BHD 300 MCM 135
CABLECU BHD 44075

CABLE CU B5D 4/0 135

CABLE CU BHD 500 MCM 135
CABLE CU BMD 500 MCM 375 -
CABLE CU BSD 750MCM €15

CABLE CU BHD 4/0 75 (GROUNDING)
CABLE CU BSD 440 195 (GROUNDING)
CABLE CU BMD 500MCM 375 {GROUNDING})
CABLE AL 25KV EPR 4/0 W/CN 3CP

CABLE CU 25KV 2000 1./C

CABLE CU 25KV RIAB KE 4/0 1/C

CABLE CU 25KV EPR 4/0 W/CN 3CP KE
CABLE CU 600V RINC 500 1C

{\ AUTODESK.



Standard Electrical Models

2) Expand
“SBTA35-AU”

i () SPAC
i () SE1615P5-AL:2
i (1) SEC35A5-AU:2
-4 () SBTA35-AUZ:1
'E;fr- View:
[ Origin
(W] Insert:66 (-4.000 in)
(] Insert:68 (-1.000 in)

E
E
£
E
E
E
E
£
E
[

g 3) Un-suppress
- ¢l SRCVT-161- .
E]—§SBL336~4??. Insert,96

B P SBL336-977) b

B g7 SBL1351A%4  Infer iMates

B g SBL1351Axd  Create Note

- §7 SBL1351Axd _, s

B gi SBL1351Ax4  yisibilty

Insert;96
Surface 1 and

_ Surface 2

1) Pick Bus
“SBTA35-AU”

M AUTODESK UNIVERSITY 2013

BOM reflects
the revised

tE Bill of Materials [161-BAY-ELE.iam]

IS Ell %ll [l @ E/t::" ~ | | Show Clear | EE 5,;_'-%

X || B-o2

" Export Bill:fﬂl‘-‘laterials; E Parts Only

Title £ Base Unit | Base QTY QTY | Part Number Description

- B009 f *Varies® 42f SBCA1351 CABLE AAC BARE 1351.5 KCM 61

b o= B-02 ft *Varies® 11ft SBTA35 TUBING AL 3 1/2
-7l B-03 Each Each 2 SBL35A4HPK  TERMINAL LUG 3 1/2 AL 4H POWERLOK

{ £ B-032  Each Each 12  SBL1351A4H  TERM LUG 1351.5 AAC 4H
\---@ B-04 Each Each 1 SBT35ALX2HW CONN T 31/2 AL x2 H WELDED

: B-05 Each Each 2  SB3.5CBPLK  BELL CORONA 3 1/2 AL TUBE POWERLOK
%Ta-ﬂg ft 14.1054... 14ft SBCAAT7 CABLE ACSR BARE 477 18 |
{7 B120  Each Each 2  SBL336477A2 TERM LUG 336477 ACSR 2H
-7 E-01 Each Each 2 SEC35A5 CLAMP BUS SUP 3 1/2 AL 5BC BUS SUPPORT
-7 E-02 Each Each 2  SE161SP5 INSULATOR BUS SUPPORT 161kV 5BC
-] M-01A  Each Each 1 SPACER-AU  SPACER BUS SUPPORT 5BC 2in
£ M-01B  Each Each 1  SPACER-PT  SPACER BUS SUPPORT 5B
-7 o0 Each Each 1 SOCBH(HO1B) CB 161KV 2000445
-] P-0d Each Each
@ Ry ma ea | BUS SUPPOIt Spacer ke

Stom"DT1-170FK-F1"

height is recalculated

{\ AUTODESK.



Standard Electrical Models ¥

# direction

1 0 = 1) Select

Select to
pattern

I Eolumn- - -
. Mﬁ Rows
ses |9 3 2 9,

|| % [soriet YI 3) Pick Spacing

-

1) Select
direction

3) Pick Spacing

g SBL1351Ax4H:10
B SBL1351 AxdH:11
g SBL1351Ax4H:14
g SBL1351Ax4H:15

=

Pattern Component o
\H'"‘—\—\_
-‘..‘_\_\__
[} Component &—1
HH—"—\—'
[&] =
=1 9,0 >
Column B
« 1w [ 2) 3 Rows —
e
ses [3 > g oul -
BN CP 161 > [ 2.00in 2
e
\"'\—\_
A
::_—_.—
A

=

P 5BL1351A:
@ BareCable 1)
@ BareCable
@ BareCable
@ BareCable
3 BareCable1302
i3 BareCable1302
E:: Component Pal

2) Expand
Elementl and
“SBTA35-AU”

TEH View:
[ Origin
m Insert:65

M AUTODESK UNIVERSITY 2013

=B ]
&g Component Pattern 3:1

EE Element:1
) SBL35A4HPK-AU:1

-3 []) SBTA35-AU:1

(T[] Insert:67 (-1
m Insert:957-12.
| & () 8B3.5CBPLK:1 y | |

Edit Component
Pattern3

Q4738
21

Insert;95

3) Un-suppress

Select to pattern

{\ AUTODESK.
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Quickly generate quality construction
drawings

-
J I Top oA Feins “ ] J J Top of Fone ﬂ l JlL
! e a0 1 —ro—e]
FRONT
SUBSTATION DESIGN | —eeLZ Ord SHEETS [ FINAL FLOT: Wi5/2013
NASHVITTE STRUCTURAL ASSEMBLY
ELECTRIC SERVICE — —_— —
| x NASHVILLE, TENNESSEE AUEE:B NONE _ |STR-H-BAY| A

M AUTODESK UNIVERSITY 2013 A AUTODESK.



Generate Drawings

= 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

';/(\ AUTODESK UNIVERSITY 2013 "\ AUTODESK.



Standard Drawings

1

Component | Model State | Display Options

4) Drag

view

to create top

=4 1) Browse to BS-00 and open

Fie B
C:\WUsers\Terri\Dropbox\UT2388-L_PartXPart-WORKING-DataSetWor v | (3] $urrenl
op
Representation Bottom
Te- View O% & Left
u p L2 Right
Master Back
Izo Top Right
Izso Top Left
Iso Bottom Right
2) Change Iso Bottom Left
scaleto ™

| 147=1’

@ Projection: @Eﬂ

View | Scale Label

Style
Scale | .5=1 i) View Identifier PLANO Y B B8 R
@ aywil [] Raster View Only OK Cancel
\
3) Turn off
View

SHEET 3 OF 3 SHEETS | FINAL PLOT: 915/2013

SUBSTATION DESIGN
NASHVILLE
ELECTRIC SERVICE

Label

MASHVILLE, TENNESSEE

Wﬁ?ﬁ" - 1-0" |w-|unu HEY

visibility 5

M AUTODESK UNIVERSITY 2013

1) Place

wo-g"

dimensions
2 [l ——T=—T#
BOM Properties H
Source
— — File

\7\

2) Pick beam
WB-00

L WORKING_Part{Part-DataSetWorkspaceAU13\B5-00.i1am

BOM Settings
BOM View

Structured w |  All Levels =

Parts Only
Structured (le

OK Cancel

Parts Only (leg

3) Select

Structured
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Standard Drawings

Format Text H
Style:
CH-00 CH-00 SD Note Text
| : 1] H % Stretch .
— 2) Pick "Properties- = Fl=am B Y [0 -1 4) Click to add
Model See _| Text Parameter
pL_gg/\ h“ Type Property Pre'::iEEI
Properties - Model v | DESCRIPTION w| 212 x'.l-
Component: Source: Nmeter: Precision
1) Place “Leader TB-00 v | | Model Parameter 3) Pick )| 242 o] R IR~ .
Text"to TB-00 ‘ “Description” 3) Pick STR.
P DIAGRAM PList
E‘ —~ .‘.!..-' ;’f;; l;/l Hd Style By Standard (5yn «
y/_< ﬂe"} - | |+ [ Revision - E!T :FH STR DIAGRAM PList ~
alloo
Welding Imp 1) Pick Parts ] General v [ CONDUIT FITTINGS PList
Symbols L Table | {8 CONDUIT LAYOUT PList
Listicon :EH ELECTRICAL BOM PList
:FH FDMN DETAIL PList
1:;‘5 - s [ a Paris List FDM PLAN PList
' BL-0) STR DIAGRAM PList
Source B2 STR TOT WT PList
4 2) Select SE{% Select View :EH STRUCTURE DET PList
View .
C:\Users\Tern\Dropbox\UT2388-L % EREC DIAGRAM PList
m AUTODESK UNIVERSITY 2013
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Standard Drawings

38" i

1) Click BS-00

Replace Model Reference

odel Reference

FileMame Path

FLU

161-BAY-ELE.iam C:\Wsers\Tern\Dropbox\UT2388-L_WORK
161-BAY-5TR.iam C:\WUsers\TerriiDropbox\UT2388-L_WORK
BS5-00.iam C:\Wsers\Terri\DropboxiUT2388-L_WORK

FL-0¢

SgTSx5wiMxg

PL-00
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2) Pick

Browse icon
=z

PL-03

FLa!

Auto

/

I Open | x | =
E Workspace — 1 il A4
@ Cibrar Look in: , WorkspaceAll13 W @ 5l El
ioraries >
[[] Content Center Files . Electrical
& . Foundations OK Gancel
. Librari . ) . ]
S ommen: | 3) DoOUDblE click [ I N
& Structures A - él'_‘l\li \ :
(% 161-BAY-ELE.ia _ wi-m
(& 161-BAY-STR.ia on BS 01 o
(3 B5-00.iam —
T —— Auto updated
5 STANDARD-BUS-5UP.ilam
STR-161-BAY.I . -
R Dimensions Auto updated
File name: B3-01jzm v Sl CHO CH-D1 P artS L i St
Files of type: | Assembly Files (*iam) v — |
ProjectFile:  ELECTRICAL.ipj Projects... Auto u p d ate d P08 - _\/
Quick Launch L d T t
r X BILL OF MATERIAL
@ \"’ L'—' Find ... | Options... Cancel HEETS | FINAL PLOT: 011 ea e e Mebg | Oor pEECRFTIEN Vs M wiirt | v e
FL-O1 1 [PLawiExrar 5-012M .1 |
TEI1 I LI 5-11EM . nr
BqT Hwfim 1M x 1T PL-D4 1 [PLiAxELtr B-IETE BN 13 13
PL 03 1 [PLimssrr = 11EH [E 2r
PL-I? 7 [moipetzerar PRI TE] ET
LG 1 [PLiMExzF 5317M 134 124 AUtO u pd ate
eF WH-m 1 [wegmwoxir-mue -z L8 IME .
CHA1 1 e rnﬁ15;.u'.!u' FETE=T] 8.8 =7 Tltle B | OCk
FLD4

updated
Balloons

SUBSTATION DESIGN
NASHVILLE
ELECTRIC SERVICE

I NASHVILLE, TENNESSEE

SHEET 3 OF 3 SHEETS

FINAL FLOT: BH5

B5-01
BUS SUPPORT ASSEMBLY

WFI:MLNUN E

[ Bs-01
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Mk Mo oTY DEECRIPTION OWGE N WTPC TOTWT
PL-01 1 PL1x18x 14 SZM G5, G5, 1
CH-01 3 Cid@153=0-10° -3 BA /T
WE-01 1 WaE 180 = 710 142° S-ZM 1378 1378
PL-05 1i PLiM x 6 x 2*8&" -394 134 134
PL-02 2 PL1Z x 12 x 10" S-1Z8 10.2 204
PL-O3 4 FLiZx5x 10" Lok brct ] 432 16.9
e W A L T : L2 SR E S35 J3E3 323
W W -
rp] T ¥ 1
— =1

Create an accurate parts list using
Intelligent 3D models |

Total 5-31234

Total 5-31234
Total 5-31234

() WB-01 WE01 1 WE@18.0x7-101/2" 137.925 lbmass ~ Total 521224
_ . ff) PLOS PLO5 1  PL1Mx6x2-8" 13.402 Ibmass Total 521224
e e ) PLO2 PLO2 2 PLA2x12x10" 10.210 Ibmass Total  §-31234
oo ] PLo2 PLO3 4  PLA2x5x10" 4.236 Ibmass Total 521224
L) TBO1 TBO1 1 SqT5x5x1Mx9’ 137.270 lbmass ~ Total  §-21224
<y SW-01 SW01 2  SWITCH STRUCTURE ASSEMBELY 1852.66005 lbmass  Total  §-33432
Topof Fdns I
- 140 aceor . | | ﬂ
M Import... Export... Done
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3D Model to BOM to Parts List

= 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.

5| AUTODESK UNIVERSITY 2013 "\ AUTODESK.



Parts List Styles

Surface Welding Impor.

-

List

Styles
Menu

By Standard (Syn =

Hole - ﬁ)‘ %}

5 Revision -

‘FE ELECTRICAL BOMP 4

1) Select Parts List icon

Balloon Bdit =
[ General Layers | |8 CONDUIT FITTINGS PList |
Table | :FE CONDUIT LAYOUT PList
[EE ELECTRICAL BOM PList |
Parts Lis
Source

fag" 50"

2) Pick Plan

!}/v AUTODESK UNIVERSITY 2013

EL} Select View

C:\Users\Terril\Dropbox\UT238 :

BOM Settings and Properties
BOM View

Parts Only v |  MNumernc

3) Select “ELECTRICAL
BOM PList” from the styles
drop down menu

S EREL TUT T FLISE
B8 Material List (ANSI)
B8 Parts List (ANSI)

28 Parts List (ANSI-AIP)

Table Wrapping
Direction to Wrap Table:

¥ ﬁ 1 !
BILL OF MATERIAL
MK NO | INST | REM | TRAN | OTY CU CODE STK NO DESCRIPTION SOURCE
B2 Bk | SETAIE X325 0000 TUIl"f” AL &1 ; P LKIT
= B ||SEC3SAS 30502000 | CLAI E Repeat Parts List MINOR
M-O1A 3 [sPacer-su seal [ Copy Crl+C SHOP
= 0.0 o 1 |[socewiHom BADEMIDAD | CA § PLIRCH
B8 B SmmasrPr | Ze2000 [tem DSt MINOR
= .3 T cur B Bill of Materials. ..
: sammh:m CaR7EHIER | BON IT:-,“H Sawe [tem Cwverri R'ght CI|Ck and
i 2 [spswropent1) [ wemvmnnon (ps i DA [BCD G
il JENY T o 20T Select to edit Parts
. [ 3 ER} SPAl Export...
B 3.5CBPLK 320410000 | BELL Table i
2 g0 12 |[smL1omthan mmdoco0 | TERI  Rotate List Style
BT R ||=ﬂm1a:i1” 103600000 | CAB ._.‘} Edit Parts List Style. . PUNIT
SELIE-HITAZ Z3see0000 | TERY S MINOR
an 010140000 | CAR O..' £oam PLNIT &
@I_'? Pan
E‘l Find in Browser
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Parts List Styles

&

:

=
)

+

4 -

R |t style to

Y

Create
‘ Sketch

Sketch

-H Hole - {G) % By Standard (Syn -

B Revision - :EH ELECTRICAL BOMP -

Parts & Balloon Edit "

List [T General * | Layers | B CONDUIT FITTINGS PList
1 Pick Parts | 8 CONDUIT LAYOUT PLis

=
Select available pmperl‘.iel 2) Remove “INST”,
All Properties ‘REMV” & “TRAN"”
Available Properties: from Selected Selected Properties:
APPEARANGE . & MK NO
AUTHOR Properties INST
AUTHORITY REMV
BASE QTY TRAN
BASE UNIT Add = | |QTY
CATEGORY CU CODE
CHECKED BY < Remove | | STK NO
CHECKED DATE DESCRIPTION
COMMENTS SOURCE
COMPANY
COST GENTER 9
Delete New Property Move Down Move Up
3 OK Cancel
------ FDN DETAIL PList ,
Column Choo G
- FDN PLAN PList ifl] | Column ==t FE]| Grouping
- Material List (ANSI) _ Eittor
------ Parts List (ANSI-AIP) 1) Pick =
------ Parts List (ANSI) Property Width ~
------ STR DIAGRAM PList Column QTyY 0.500 3) Change
------ STRTOTWTPList | Chooser |[PARTNUMBER 1.300 “Width” to
- STRUCTURE DET PList STOCK NUMBER 0.200 3.000
- Surface Texture — — b

m AUTODESK UNIVERSITY 2013

_g ELECTRICAL BOM PList

:BH EREC DIAGRAM PList

- P update {8 EREC TOT WT PList
oA T1 25 FOM DETAIL PList
Mk no | INET | REM | TRAN | oTY EU CODE STKND 5] FDN PLAN PList
B2 R |SETAIS 200000 | TUBRING AL 3 1R .
=0 B ||SEC3SAS 0502000 | CLAMP BUS 54 B3 STRUCTURE DET PList
M-OTA 3 [[sPacer-au SPACERBUS § (] ------------~-
001 i 1 [|socemHHoe) BEOE3DAN | CA 181KV 2000] 5| Material List (ANSI)
B-ca y SHLIEASHPK ZIM20000 | TERMINAL LUG| _
i e vod ) Parts List (ANSI)
3 |[sETosaLperw | sesyzmnon | cONNT 312 A ﬁ Parts List (ANSI-AIP)
‘ 2 _liseswruieor-1) | cemnoan | o5 181kv 2000 5] STR DIAGRAM PList
q'l':" 8. [sEverarg INSULATOR BU
i E spAceRBLS 5| g STR TOT WT PList
B 3 5CBPLK 0410000 | BELL CORDNA
2 g-0" 12 "“HH:EH 21MA0000 | TERM LUG 13515 AAC dH

B7R [[sBcArsg

10360000

CABLE AAC BARE 1151.5 KCM B1

& B L6

[FTAZ

TERM LUG 36477 ACSR 2H

0101 40000

MLE‘CH BARE 477 181
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Balloons and the Parts List

arnfer o [ || |22 r - Hole -
AAl <X Bos2H B2 %

nch —= = -| ||| [F 3 Revision ~ _
Text Leader Create | Parts Balloon Edit

1d Text User  Surface Welding Impor. = Sketch | List [T General o Layers

1) Pick
Balloon %

1 BOM Properties x|
Source

File
IKING_PartXPart-DataSetiWorkspace AUH 31 61-BAY-5TR.iam

< | Text | Symbuols | Sketch |

BOM Sethings

BOM View The view is
140" PeE—— ; — _ e
Structured : preselected to Parts LISt | B Moterel List (A1)
b g Parts Only 3) PICk | Parts List (ANSI)
3l Structured (legacy Cancel maitc h th e Source 8 Parts List (ANSI-AIP)
wm Parts Only (legacy| “Structu red” L >Etﬁ Select View [FE[STRDIAGRAM PList |
] 1407 B al I O O n S — CWsers\Terrn\Dropbox\UT2388-L_W RSTRT OT kﬂLi:t
/ \ . / \ i i, _ ::::: :«:i:ngs and Properties /P I}i;-“fro m
\ / 2) P I Ck \ / M SW-01 Structured All Levels 5
Z4l ﬁ Stl’u CtU re > >< ‘f’; Table Wrapping Styl es d ro p
Ll o0 IT'l._j :/ \ E_illreclion to Wrap Table: o d OWﬂ m e N u
I.ﬁ il ) Left ) Right
P LA N ] | g0 5501 \ | / 1 Enable. Automatic Wrap
j Maximum Rows 10 o0
2 ® Number of Sections 1
LI ] { PLAN -
@ OK Cancel
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BOM vs. Parts List

T BILL OF MATERIAL I
Mk No | QTY DESCRIPTION DWG NO WTPC | TOTWT
PPTS-KD1 3 | PTSTRUCTURE 522712 302 2 005 79
Sw-01 2 | SWITCH STRUCT 3| Repeat Parts List 18537 | 37073
BS-01 2 |BUSSUPPORTA : : 1581.2
T Copy Right click and &
Delete pick "Bill of
i - .
1 Material
%}1 Save Item Overrides to BOM
2 @B a9 el | | Show Clear | EZ | &%
x| 2) Double
1) Make Model Data | fz- Strue{ _ ?“Ck ]
current BOM Structure | fitle Part Number | QTY | Description Mass -
+fly %mPhantom | /(3)PTS-KO1 (3)PTS-KO1 1 PTSTRUCTURE (3) 906.660 Ibi
g+l [RE Normal BS-01 BS-01 2  BUS SUPPORT ASSEMBLY 790.608 I
ﬂ% B Normal FDN_PLAN 1 FOUNDATION ASSEMELY NiA
+ify | I Inseparable 01 SW-01 2 SWITCH STRUCTURE ASSEMBLY  1853.6600! ~
4 | %—_5_' Purchased 3) Select | »
%{1 Reference “Phantom- T2
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BOM vs. Parts List

A4

Changing the BOM

listed the parts

Structure to Phantom hid
the BS-01 assembly and

!}/'( AUTODESK UNIVERSITY 2013

jou | CH-01
PTS-K01
2 gL.Q"
- t R
N A ™ }

]
BILL OF MATERIAL
Mk No QTy DESCRIPTION DWG NO WT/PC TOTWT
PTS-KO1 3 | PTSTRUCTURE S-22712 302.2 906.7
SW-01 2 | SWITCH STRUCTURE ASSEMBLY S-33432 1853.7 3707.3
PL-01 2 |PL1x16x1-4" S-31234 66.1 132.3
CH-01 6 |Cc10@ 153x0%10 531234 8.6 51.4
WB-01 2 |weB@18.0x18-101/2" S-31234 330.9 661.9
PL-05 2 |PL14x6x2-8" S-31234 13.4 26.8
PL-02 4 |PLiRx12x1-0" S-31234 10.2 40.8
PL-03 6 |PL12x5x1-0" S-31234 4.2 25.4
TB-01 2 |SqTEx6x1M4xiT S-31234 317.1 634.3
PL-04 2 |PL12x5x1-0" S-33618 Shit1 4.2 8.3
5 ' & 2
2) Delete from
MK NO | QTY CU CODE STK NO DESCR o E
Bl 326940000 | TUBING AL 3 1/2 Description as |
E 1) Make 5 320502000 | CLAMP BUS SUP 3 1/2 Shown IR
M R-AU SPACER BUS SUPPOR SHOP
—{ Parts Only A4
O HO1B) 960930000 | CB 161KV 2000A 40KA Alstom™"DT1-170FK-F1" PURCH
tab active Materials [161-BAY-ELE.iam] = 5 BIEM RLOK MINOR
S8 e v | | Show Clear | EE | 82 1ER MINOR
CB 161KV 2000A 40KA Als T1-170FK-F1" TRUCK ¥
sl Data | T5~ Structured E= Parts Only
i =5 PURCH
tle 7| Base Unit | Base QTY | QTY | Part Number Description S0URCE | ~
0 R-04 Each Each 3 SRCVT-161 CURRENT VOLTAGE TRANSFORMER MINOR SBC MINOR
1 P01 Each Each 2 SPSWH-(HO1-1) DS 161KV 2000A USCO "GT-45" PURCH SHOP
1 o1 Each Each 1 SOCBH(HO1B) |CB 161KV 2000A 40KA [ESTNNEEL %20 |PURCH
{7 M01B  Each Each 3 SPACER-PT SPACER BUS SUPPORT 5BC 18 in SHOP VERLOK MINOR
7 M01A  Each Each 3 SPACER-AU SPACER BUS SUPPORT 5BC 18 in SHOP AT
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BOM vs. Parts List

I =
BILL OF MATERIAL

MKNO | QTY CU CODE STK NO Y ot : dll od f
B-02 59ft | SBTA35 326940000 | TUBING AL 3 1/4 anutacturer 1S deleted from
E-01 6 |SEC35A5 320502000 | cLAMP BUs su|  Description of Parts List
M-01A 3 | SPACER-AU SPACER BUS SUPPORT 5BC Tt S SHOP
0-01 1 | SOCBH(HO1B) 960930000 | CB 161KV 2000A 40KA PURCH
= rts List: 161-BAY-ELE.jam B3 MINOR
Delete from .
EIERET Parts List Manufacturer is deleted from [MINOR
o TRUCK ¥
o[ MK N . S — STK NO
== | B-02 591?\ 35 326940000 | TUBI Descrlptlon Of the BOM URCH
tﬂ E-01 6 \ ‘SAE 320502000 GLAMFBUSSUF31FZ\ UPPORT MINOR P
M-014A 3 5P R-AU SPACER BUS SUPPORT 5B SHOP
%04}1 1 :m*h\:\E-r-'m 960930000 | CB 161KV 2000A 40KA | - PURCH MINOR |
]| B-03 6 | SBL35A4HPK 233620000 | TERMINAL LUG 3 1/2 AL 4H POWERLOR MINOR SHOP @ o
H I [RD1 3 | SRCVT-161 CURRENT VOLTAGE TRANSFORMER MINOR BILL OF MATERIAL
M | | C DESCRIPTION SOURCE
e CU Code/Part Number is e o UNIT
eo1 deleted from the Parts LiSt |Lamp Bus sup 3 12 AL 58C BUS SUPPORT | MINOR
6 M-01A I~ ARAU | SPACER BUS SUPPORT 5BC 18 in SHOP
0-01 1 | 960930000 | CB 161KV 2000A 40KA PURCH
BE Bill of Materials [161-BAY-ELE.iam] - 5 EN RLOK MINOR
AN NEP- ~| | Show Clear | EE | g% ER MINOR
X R
3 1] 300BHENE CU Code/Part Number is TRUCK
Model Data | 5~ Structured = |
- : PURCH
Title 7| Base Unit SOURCE | =
(0 RO1 Each Ea ANSFORMER MINOR 5BC MINOR
@ P-01 Each Each 2 -(HO1-1) DS 161KV 20004 USCO "GT-45" PURCH SHOP
3 @ 0-1 Each Each 1 SOCEBH(H0MEB) CE 161KV 20004 40KA PURCH
{f) MOIB  Each Each 3 SPACERPT  SPACER BUS SUPPORT 5BC 18in SHOP VERLOK MINOR
) MOIA  Each Each 3  SPACER-AU  SPACER BUS SUPPORT 5BC 18in SHOP o
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In Conclusion
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The Same but Different

= |nventor Is perfect for Substation Design because it seems each job Is the
same as the last job except...different

= |t 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

';/(\ AUTODESK UNIVERSITY 2013 {\ AUTODESK.



PN

We’ve only scraped the surface of the capabilities of Inventor and SDS

Py

Thank you for taking the time to participate in this class

Feel free to contact Chip Cullum wcullum@nespower.com or Terri Humel thumel@nespower.com with any .
questions, suggestions or ideas. d 5
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