< Chapter 20

A. Extrudel.

Step 1.

Step 2. Click Front Plane |E| in the Feature Manager and click Sketch

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step 9.

Click File Menu > New, click Part Metric and OK.

—

—

Click Center Rectangle
on the Sketch toolbar.

Gearbox

on the context toolbar, Fig. 1.

E‘ in the Rectangle flyout D v

Tank

Sketch center rectangle at Origin L, Fig. 2.

Click Smart Dimension

o

Smart
Dimension

toolbar.

Add dimensions, Fig. 3.

Click Features | Features 4

on the Command Manager

toolbar.

Click Extruded Boss/Base

- (S) on the Sketch
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Extruded
Eoss/Base

Fig. 2

on the Features toolbar.

In the Boss-Extrude Property Manager set:
under Direction 1, Fig. 4

Depth @ 37

click OK % .

B. Save as "GEARBOX".
Click File Menu > Save As.

Step 1.

Step 2. Key-in GEARBOX for the file-

name and press ENTER.
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C. Extrude2. S ERS @
Step 1. Click Front Plane |E| in the Feature Manager and click Sketch ﬁ g SO Do
on the context toolbar, Fig. 6. : 2n|_n:tati°"5
riCendl
Step 2. Click Back @ on the Standard Views toolbar. (Ctrl-2) (1] Top Plane
Lj Right Plane
1, origin
@ Covert » éﬂ Boss-Extrude1
Step 3. Click Convert Entities ;°7:="| on the Sketch toolbar. rear face Fig. 6
Step 4. In the Convert Entities Property Manager: —
under Entities to Convert, Fig. 7 EE c;"“: fotes @
click rear face, Fig. 8 e to Comert N
click OK % . Ry —
[JSelect chain ..
. [Jinner loops one by one
Step 5 Clle Cil‘Cle @ (S) on the SketCh Select all inner loops
toolbar. Fig. 7

Step 6. Sketch circle at Origin L__and Tangent I (ij\ to top edge Fig. 8
converted line, Fig. 9. X
/ m
Step 7. Rotate view to view slightly. Use Right Arrow key
and Down Arrow key a, Fig. 10.
4
Step 8. Click Features | Features | on the Command Manager \Origin
toolbar.
. @] \ /
Step 9. Click Extruded Boss/Base | Exruded | on the Features toolbar.
Boss/Base Fig. 9
Step 10. In the Boss-Extrude Property Manager set:
under Direction 1, Fig. 10 W) Boss Extrude ® —
Depth {a 11 S F:.mx = ~ N AN
Reverse Direction | A -— - \ AN
under Selected Contours D@tmL -
click contour inside circle, | &
Fig. 11 . |
click OK w* . BT S ,
i

Step 1. Save [ (Ctr1-S).

Draft outward
[ pirection 2
[ Thin Feature

Selected Contours

Sketch2-Region<1>

Fig. 10
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D. Cut Extrudel.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step 9.

Click Right Plane |E| in the Feature Manager and click Sketch

on the context toolbar, Fig. 12.

Click Normal To ,,;L,. on the Standard Views toolbar. (Ctrl-8)

Click Centerline +
toolbar.

Sketch horizontal centerline from

Origin L, Fig. 13.

Click Circle Gj' (S) on the
Sketch toolbar.

Sketch a circle on centerline and a
circle above centerline, Fig. 14.

&
Click Smart Dimension | ,-""
(S) on the Sketch toolbar, _ ~

Add dimensions, Fig. 15.

Right click E‘:phics area and

click Select |~ from menu to un-
select Smart Dimension.
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in the Line flyout
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Step 10. Drag a selection to left across cen-

terline and small circle to select @m

both, Fig. 16.

05.6
Step 11. Click Mirror Entities %

[ miror entities | on the Sketch L/

toolbar. 25.5

Step 12. Click Isometric a on the Stan-

dard Views toolbar. (Ctrl-7) Fig. 16

Step 13. Click Features | Features | on the Command Manager toolbar.

@

Step 14. Click Extruded Cut Biruded | on the Features toolbar.

Step 15. In the Cut-Extrude Property Manager set:
under Direction 1, Fig. 17

End Condition
Through All - Both

click OK % .

E. Extrude3.
Step 1. Click the side face and

click Sketch i on the
context toolbar, Fig. 19.

Cut-Extrude @
v X ®

From ~

Sketch Plane ™

Direction 1

. Through All - Boih

IQ

[IFlip side to cut

Draft outward

Direction 2 ~

Thmugh All

Step 2. Click Circle (Ej (S) on the Sketch toolbar.

Step 3. Sketch circle, Fig. 20.
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Step 4. Right click graphics area and click Select

from menu to unselect Circle tool. E\ | A F“I
t@'& PO

Ctrl centerpoint—>
and Origi L

Step 5. Ctrl click circle centerpoint and Origini_‘
(blue) to select both. Release Ctrl key an

click Make Horizontal |~ | on the context
toolbar, Fig. 21.

&

Step 6. Click Smart Dimension | .7~ | (S) on the

Sketch toolbar. M

Step 7. Add dimensions, Fig. 22. Dimension the 14.5

to the Origin (blue).

Step 8. Click Features | Features | on the Command
Manager toolbar.

@)
Step 9. Click Extruded Boss/Base | Extruded | on the

Boss/Base
Features toolbar.

Step 10. In the Boss-Extrude Property Manager set:
under Direction 1, Fig. 23

Depth $ 1.7 @ Boss-Extrude @
v X ®
click OK % .

From ~

Step 11. Save [ (Ctr1-S). .

-

Merge re'

Draft outward

Fig. 23
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F. Cut ExtrudeZ2.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step 9.

Click Right Plane |E| in the Feature Manager and click Sketch ||

on the context toolbar, Fig. 25.

Click Normal To ,,;L. on the Standard Views toolbar. (Ctrl-8)

Click Center Rectangle E in the Rectangle flyout D ™| on the

Sketch toolbar.

Sketch center rectangle to right
of Origin, Fig. 26.

Right click ﬁaphics area and

click Select |~ from menu to un-
select Rectangle tool.

Ctrl click rectangle centerpoint

and Origin to select both.
Release Ctrlrkey and click Make

Horizontal |L:J on the context
toolbar, Fig. 27.

&

. . . Smart
Click Smart Dimension | pimension

(S) on the Sketch toolbar.—~

Add dimensions, Fig. 28.

Click Isometric @ on the Stan-
dard Views toolbar. (Ctrl-7)
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3 Solid Bodies(1)
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Step 10. Click Features | Features | on the Command Manager toolbar.

Step 11. Click Extruded Cut |&truded | on the Features toolbar.

@

Cut

Step 12. In the Cut-Extrude Property Manager set:
under Direction 1, Fig. 29
End Condition
Through All - Both

click OK " .

G. Extrude4. . O
Step 1. Click Top Plane [1] in O
the Feature Manager and
click Sketch %}I__ on the Fig. 30
context toolbar, Fig. 31.
Step 2. Click Normal To ,;L. on the Standard Views toolbar. (Ctrl-8)
©
Step 3. Click Convert Entities ;o | on the Sketch toolbar.
Step 4. In the Convert Entities Property Manager: © Convert Entities @
under Entities to Convert, Fig. 32 v X -
click top right edge, Fig. 33 Entits to Convert ~
click OK W . N
[Jselect chain
[Jinner loops one by one
Step 5. Click Line n/: (L) on the Sketch toolbar. e
Fig. 32
Step 6. Sketch the S lines, Fig. 34.
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Fig. 34

Cut-Extrude @

v X ®

From ~
Sketch Plane v

Direction 1 ~

IENJ

[IFlip side to cut

Through All - Both v
)'

Draft outward

Fig. 29

S ERS @
7

&) GEARBOX (Default)
» Annotations
’ Solid Bodies(1)

§= Materi| —
[-? Front @
[J Top Plane ‘
[l Right Plane
I_, Origin
4 éﬂ Boss-Extrude
4 éﬂ Boss-Extrude2
v ([@ cut-Extrudet
4 éﬂ Boss-Extrude3
v [@ cut-Extrude2

Fig. 31

Fig. 33
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&
Step 7. Click Smart Dimension |,,°™" | (S)
on the Sketch toolbar. M

‘ ‘ _*—<_2o4_—
Step 8. Add dimensions, Fig. 35. 1.5 T
LT |28

Step 9. Click Isometric e on the Standard L ‘

Views toolbar. (Ctrl-7) ? -1

5.7

Step 10. Click Features | Features | on the

Command Manager toolbar. !

. @)

Step 11. Click Extruded Boss/Base bauded | on Fig. 35

the Features toolbar.

Step 12. In the Boss-Extrude Property Manager set:

under Direction 1, Fig. 36 [/ ... curuce @
End Condition Mid Plane . x ®
Depth @ 5 o Sketch Plane »
under Selected Contours Direction 1 ~
click contour, Fig. 37 e .
Yl
uncheck Thin Feature I
. £ 5.00mm =
click OK % . Merge&
Step 13. Save [ (Ctr1-S). — ostoua
[] Thin Feature v
Selected Contours A

O

/N

Fig. 38
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H. Mirror Extrude4.

Step 1. Ctrl click Right Plane |E| and Boss-Extrude4 to
select Plane and feature, Fig. 39.

Step 2. Click Mirror on the Features toolbar.

Step 3. In the Mirror Property Manager click OK W

I. Extrude5s.

Step 1.
on the context toolbar, Fig. 42.

Step 2. Click Normal To

&

¢ BER S @

& GEARBOX (Default)
4 @Annotations
» [@) Solid Bodies(1)
55 Material <not specified>
Lj Front Plane
[:J Top Plane
[‘,LJ Right Plane,
1, origin ‘
4 iﬂ Boss-Extrude
4 éﬂ Boss-Extrude2
» Cut-Extrude1
4 éﬂ Boss-Extrude3
» (@ Cut-Extrude2

Click Right Plane |E| in the Feature Manager and click Sketch

4 éﬂ Boss-Extrude4
Fig. 3§

on the Standard Views toolbar. (Ctrl-8)

(5] Mirror @ @
v X
Mirror Face/Plane
@ R\ght Plane
Secondary Mirror Face/Plane v
Features to Mirror ~
@ Boss-Extrude4
Faces to Mirror v
Bodies to Mirror v
Options A
[[] Geometry Pattern
Propagate visual
properties
O Full preview
(® Partial preview

Fig. 40

¢ BE RS
v

& GEARBOX (Default)
4 @ Annotations
> [@) Solid Bodies(1)
3 Material <not specified>

L,J Front F[e—
LJ Top P@
Lﬂ Right Plane .
1, origin
4 ﬁﬂ Boss-Extrude1
4 éﬂ Boss-Extrude2
» @ Cut-Extrude
4 éﬂ Boss-Extrude3
» (@ Cut-Extrude2
4 éﬂ Boss-Extrude4
D;\d] Mirror1

Click Center Rectangle E in

the Rectangle flyout D v

on the Sketch toolbar. N
X

Step 3.

Step 4. Sketch center rectangle on
left side of body with right

edge coincident with edge, Fig. 43.

®

Fig. 42
()

[Il

()

Step 5.

Fig. 43

click Select [.;» from menu to
unselect Rectangle tool.

Right click gaphics area and

'T'* p\f OO

Step 6. Ctrl click centerpoint of NS

rectangle and Origin L__to
select both. Release Ctrl key

and click Make Horizontal

NP I ick ce
/%f @nd o

()

pomt\ ) [Il

()

on the context toolbar, Fig. 44.
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Fig. 44
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Step 7. Ctrl click two adjacent lines — | /LN =X
of rectangle and click Make ® AN LD LA Q

Equal| = |on the context

toolbar, Fig. 45. SN @ @ L II
T =5— Ctrl lines

Step 8. Click Circle 'Ej (S) on the
Sketch toolbar. Q

Step 9. Sketch circle at centerpoint, Fig. 45

Fig. 46.

Step 10. Click Smart Dimension

5€\rt ) $ L
pimeeten (S) on the Sketch Q O [Il

toolbar.
Step 11. Add the dimensions, Fig. 47. Q
Fig. 46
Step 12. Click Isometric a
on the Standard Views Q

toolbar. (Ctrl-7) O3

Step 13. Click Features Q O L [Il

Features | on the Com-
mand Manager toolbar.

Step 14. Click Extruded Boss/
@]

Extruded
Boss/Base

Fig. 47

Base on the Fea-

tures toolbar.

Step 15. In the Boss-Extrude Property Manager set:

under Direction 1, Fig. 48 R —— @
End Condition Mid Plane + x ®
Depth @ 2.5 o Sketch Plane vA
Cllck OK '#' ) Direction 1 A

Mid Plane

N
Step 16. Save [ (Ctr1-S). ; IL

Draft outward

Fig. 48

Fig. 49
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J. Fillet Edges. ® Fillexpert @

Step 1. Click Fillet Et the Feat toolb 7 xFiIIeLXpe
cp L. 1C 11ie on tne reaturcs toolbar. m

-

Step 2. In the Fillet Property Manager set: "@m;:": )
select FilletXpert, Fig. 50 . —

. Show selection toolbar
Radius (%, 5 N

click front top and bottom edges (2), Fig. 51 . [
click Apply e \(\

Options A
Select through faces
Tangent propagation
(® Full preview
(O Partial preview
(O No preview

Fig. 50
@ FilletXpert @

v X 9
Add | Change | Corner

Items To Fillet A

@ Edge<10> A
Edge<11>

Edge<12>
Edge<13>

Radius K -5, Fig. 52 Edge<14>
click an edge on Extrudel, Fig. 53 .

v

©

click Internal to feature 13 edges on the Fillet pop-up 2] Show selection taolbar

click Apply ~ N
/p\/ &

ta@@@@m thio A
's 3 PN v] select through faces
\ A / oS Tangent propagation
|Interna| to feature, 13 Edges| ©Full preview

(O Partial preview
(O No preview

Fig. 52

Radius .5 LY ﬁ

Click top and bottom front edges on
Extrudes (2), Fig. 54

click OK % .

Step 3. Save [ (Ctr1-s).
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K. Appearance Yellow.

Step 1. Click the Gearbox to select part, click Ap-
pearances Callout on the context
toolbar and click Gearbox U3, Fig. 56.
Step 2. In the Appearances Task pane, expand Plastic,
click High Gloss and in the lower pane select
yellow high gloss plastic, Fig. 57.
Step 3. In the Appearances Property Manager:
under Color, Fig. 58
set RGB values:
R 255
G 228
B 51
click OK % .
Step 4. Save [ (Ctrl-S).
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g ZEELE «

i

Click part_g

v e Appearances(color) A

v ﬁ Plastic
ﬁ High Gloss
ﬁ Medium GI&
ﬁ Low Gloss
ﬁ Soft Touch
ﬁ Textured
ﬁ Clear Plastic
= catin Cinich v

N

blue high gloss plastic

green high gloss plastic

TR
Fig. 57

*2p2LB

~ Fig. 56

. Face<1>@B... N\
ﬁ] Boss-Extru...

a Bady

() GEARBOX @X7

O yellow high gloss plastic @
v X ™

Color/Image

~

Selected Geometry

GEARBOX.SLDPRT

EICIRICY =

Remove Appearance ‘

Color ~

Zll
‘standard

e
i

o s =
RS =
@ RGB OHsv

Fig. 58

h ‘
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L. Suppress Boss-Extrude5 and Fillet3 for Tank Motor Assembly.
Step 1. Suppress Boss-ExtrudeS and Fillet3 in the Feature Manager (the last g BR S

Extrude and last Fillet). To suppress, Ctrl click Boss-Extrude5 and |7 \
[ . . &) GEARBOX (Default)

1™ |in the context toolbar, Fig. 60. » BA) Annotations

Solid Bodies(1)

?5 Material <not specified>

We do not want this boss extending out preventing the Motor Assem- [ Front Plane

. : m Top Plane
bly fitting snug against the Lower Hull. 3 Ront e
I_, Origin
ﬂ Boss-Extrude1
ﬁ Boss-Extrude2
Cut-Extrude1
ﬁ Boss-Extrude3
Cut-Extrude2
ﬂ Boss-Extrude4 @
[3&] Mirror1 }%@'
> &l
® Fillet1
B Fillet2

Fig. 60

Fillet3, then click Suppress

Step 2. Save [ (Ctr1-S).

»
»
»
»
»
»
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