hapter 3

A. Extrude1 Sketch1 Head.
Step 1. Click File Menu > New, click Part Metric and OK.

Whomp Rocket

Bolt

- % B¢ @ >
Step 2. Click Top Plane |_E_| in the Feature Manager and click 7
Sketch ﬁ on the context toolbar, Fig. 1. %%ﬂﬁ:::)ns
i FS
Step 3. Click Circle Gj (S) on the Sketch toolbar. [@
ight Plane
I_, Origin
. o . Fig. 1
Step 4. Sketch circle at Origin , Fig. 2. h18
&
Step 5. Click Smart Dimension |,>™" | (S) on the Sketch toolbar.
Step 6. Dimension diameters 18, Fig. 2.
Step 7. Click Features | Features | on the Command Manager toolbar.
Fig. 2
@
Step 8. Click Extruded Boss/Base | ;.. s, | on the Features toolbar.
Step 9. In the Boss-Extrude Property Manager set:
under Direction 1, Fig. 3 @) s Extrade @
End Condition Blind v X® .
From A ’s.
Depth @ 6 Sketch Plane v
click OK % . 7
’ IS k
('\ 6.00mm ‘ =
B. Save as "BOLT". —— :
Step 1. Click File Menu > Save As. Fig. 3 Fig. 4

Step 2. Key-in BOLT for the filename and press ENTER.
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C. Extrude2 Sketch2 Shank. & R JE
v

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step 9.

Click Top Plane |E| in the Feature Manager and click Sketch [ jon | sour oetauy

. v CA)A .
the context toolbar, Fig. 5. | e

E% Material || s~ =)
] Front Pl L@JJ J)

Click Circle Gj' (S) on the Sketch toolbar. E%&?
> % (;(:ZI—rI\ExtrudM
Sketch circle at Origin L, Fig. 6. Fig. 5

&
Click Smart Dimension | ,,.7" | (S) on the
Sketch toolbar. -
o . “73
Dimension diameter 13, Fig. 6.
Click Features | Features | on the Command

Manager toolbar. Fig. 6

@l

Click Extruded Boss/Base | Btuded | on the Features toolbar.
In the Boss-Extrude Property Manager set: =y
under Direction 1, Fig. 7 ) Boss-Extrude @ -
End Condition Blind VX K
F From A

Reverse Direction SketchPlane B

Depth €5 35 8.9 V
e
click OK % . & .S
Mergerb
Save [ (Ctr1-S).

Draft outward

Fig. 7

Fig. 8
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Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step 9.

Step 10.

D. Extrude-Cut1 Sketch3 Air Hole. G ER S @
Click Front Plane |E| in the Feature Manager and click Sketch %}l_ E BOLT (Defautt
. » [ Annotations
on the context toolbar, Fig. 9. , iﬂﬁ:j@
ot "W
Click Normal To ,J,. on the Standard Views toolbar. (Ctrl-8) j;“.’g"hf‘;';ie
4 %:(:‘fslxtrudﬂ
Click Circle Gj (S) on the Sketch toolbar. ' éﬂ“"“’?{”dezg
ig.
— %
Sketch circle at Origin | , Fig. 10. | 5 |2§§J OO I
Unselect Circle tool. To unselect, . . /
right click graphics area and Ctrl cl;cli(dOrlgm
click Selecﬁ:} from menu. centerpoint \\
Ctrl click centerpoint of circle
and Origin to select both. Re-
lease Ctrl key and click Make Ver-
tical | on the context toolbar,
Fig. 11.
Click Smart Dimension Fig. 10 Fig. 11
o
Smart
Diomar
IITIE:ISIDH (S) on the I I
Sketch toolbar.
Add dimensions, 13.5 p— @
Fig. 12. vVX®
Click Features D9.5— it B
Features | on the Thmugmm& &
A
Command Manager !S
toolbar. = .
Click Extruded Cut T -
@
& | on the Features toolbar. Fig. 12 Fig. 13 Fig. 14

Step 11.

In the Cut-Extrude Property Manager set:
under Direction 1,
End Condition Through All - Both

click OK # .

Fig. 13
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E. Create Plane1 Key. s[ElR[¢l@® > B piane ®
Step 1. Click Top Plane |1| in g S0LT Default ! v
» [A] Annotations ==r
the Feature M?.nager tg ' ;Hd o ‘ First Reference
dlSplay Plane 1S graph]cs §ij Material <not specified> D ITop Plane
area, Fig. 15. T el parallel
g [J ;’;hflp\am Perpendicular
. I_, Origin /\ Coincident
Step 2. In graphics area Ctrl drag |’ @sossxinder t 4500deg
4 éﬂ Boss-Extrude2 =
Top plane down and » (@ Cut-Extrude] U ”?m”‘s =
release, Fig. 16. Fig. 15 "f e .
Hold down Ctrl = ;... i
Step 3. In the Plane Property Manager set: drag plane down  c....reerence ~
under First Reference, Fig. 17 Set distance 13.5 © ]
Third Reference A
Distance G 13.5 ol
and press ENTER. Fic. 16 Fig. 17
The new plane should be centered on hole, Fig. 16. &
Click OK % .
F. Extrude3 Sketch4 Key. SER¢@ > SBRES@:>
Step 1. Hide Planel ﬁ To hide, click Planel ﬁ in E BT Eb O B
. . AT » [/l Annotations » [/ Annotations
the graphics area and Hide "’\ on the context > [@Solid Bodies(1) > [ Solid Bodies()
toolbar, Fig. 18 GEZSET:L:QM specified> c[? :c;;etr;\a::ot specified>
[ Top Plane [ Top Plane
. e . [ Right Plane [ Right Plane
Step 2. Click Planel | ;_| in the Feature Manager and click | L origin 1, origin
= - . » @) Boss- & Ll® 4> » @] Boss- & L° >
Sketch I__|on the context toolbar, Fig. 19. ; Eﬁj: rixle L ' f_ﬁijji Tl pod
ﬁ Plane1 Lﬂ Plane1
Step 3. Click Normal To |_]. | on the Standard Views Fig. 18 Fig. 19
p
toolbar. (Ctrl-8)
Step 4. Click Corner Rectangle D in the Rectangle flyout D * | on the Sketch toolbar.
Step 5. Sketch corner rectangle to right of Origin L, Fig. 20.
Step 6. Unselect Rectangle tool.
To unselect, right click
graphics area and click
Select |..; from menu.
e L
Step 7. Ctrl click midpoint of
left vertical line and Ctrl click Origin
and midpoint
Origin to select
both. Release Ctrl key and
click Make Horizontal |~ Fig. 20 Fig. 21

on the context toolbar, Fig. 21.
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o

Step 8. Click Smart Dimension | ;""" | (S) on the Sketch toolbar.

-

Step 9. Add dimensions, Fig. 22.

Step 10. Click Sketch Fillet| || on the Sketch toolbar.

Step 11. In the Sketch Fillet Property Manager set:

under Fillet Parameters, Fig. 23 [ g e @
v X | X
Radius (R .7 :
click right side corners, Entis o il ~ Fig. 22
Fig. 24 ‘
click OK % twice. Ee— ~
K 0.70mm -
- Keep cunst&ed corners
Step 12. Click Trimetric m on the Stan- DDmFlghgg’

dard Views toolbar.

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

toolbar.
' @)
Step 14. Click Extruded Boss/Base Dauded | on the Features
toolbar. ’

Step 15. In the Boss-Extrude Property Manager set:
under Direction 1, Fig. 25 w
End Condition Mid Plane

Depth @ 10 iﬂ N A
click OK % . ”

-. Dnem;nd1pl VA

Step 16. Save = (Ctr1-s). S >
gy
< [10.00mm =
[ Merge res&
Fig. 25
Fig. 26 Fig. 27

SOLIDWORKS 24 Bort WHOMP ROCKET PAGE 3-5



G. Revolve Sketch5 Key Cap

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Click the top face of

key Boss-Extrude3
and click Sketch
—

L__| on the context
toolbar, Fig. 28.

With the face still
selected, click Con-

©

Convert

vert Entities | entities
on the Sketchl~
toolbar, Fig. 29.

Delete inside con-
verted arc, Fig. 30.

Click Line ,/: (L) on

the Sketch toolbar.

| 4

- R—

. o
-

@@ilﬁﬁa 9
@?L,s\; B

Face —.

o

Fig. 28

Sketch line across inside endpoints, Fig. 31.

Click Features | Features | on the Command

Manager toolbar.

Click Revolved Boss/Base

tures toolbar.

In the Revolve Property Manger set:

under Axis of Revolution .+*
click inside line, Fig. 32

click OK s .

S
revolved | on the Fea-
Boss/Base
+"
3 Revolve @ @
v X
Axis of Revolution A
o I!HP
Direction1 A
Blind ~
[ B60.00deg
Merge result
[ Direction2 v
[] Thin Feature v
Selected Contours v
Fig. 32

ﬂ—a—

Fig. 29

/ f\.

Fig. 30

y

S\

Fig. 31

y

Fig. 33

4

Fig. 34

Delete
arc ™S

Add
line ™

O
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H. Mirror1 Key Cap. (¢ ElE¢]@ >
Step 1. Ctrl click Planel X¢
[1] and Revolvel )
feature to select plane
and feature, Fig. 35.

&% BOLT (Default)
» [/ Annotations
» [@] Solid Bodies(1)
55 Material <not specified>
Lj Front Plane
[,j Top Plane
[:J Right Plane
I_, Origin
4 éﬂ Boss-Extrude
4 éﬂ Boss-Extrude2
» @ Cut-Extrude

4 éﬂ Boss-Extruded

> | Revolver
Step 3. In the Mirror Property Fig. 35

Manager click OK W Fig. 36.

Step 2. Click Mirror
[l mirror | on the Fea-
tures toolbar.

step4. save = (ctri-s).

I. Thread Feature.
Step 1. Click Thread |8 ™read | in the Hole Wizard

3
flyout | Hole | on the Features toolbar.
Wizard

-

Step 2. In the Thread Property Manager set:

under Thread Location (b, Fig. 38
click bottom circular edge of Shank
(Extrude2), Fig. 39
check Offset
Offset Distance 2

Reverse Direction ~

under End Condition Thread loc

select Blind
Depth &5 10

under Specification
Type Metric Die
Size M14x2.0
Thread method Cut thread

under Thread Options
select Right-hand thread

click OK w# .

Step 3. Save = (ctr1-s).

[5] Mirror @
v X
Mirror Face/Plane A
®
Secondary Mirror Face/Plane A
Mirror seed only
Features to Mirror A
@
Faces to Mirror v
Bodies to Mirror v
Options A
[[] Geometry Pattern
Propagate visual properties
(O Full preview
(®) Partial preview
Fig. 36
o
|
|
K1 e Trraes
159
{
.
ation Fio. 39
g.

bottom edge

e

.
Fig. 37
[B) Thread @
v X
Favorite ~
No Favorite Selected v
Thread Location A
© IEdge<1> s
(=3 .
M offset
2.00mm ‘ =
iy 0.00deg‘ 0
End Condition ~
Blind v
£ 10.00mm =
1 Maintaih length
Specification ~
Type:
Metric Die v
Size ‘
M14x2.0 ~
13.00nN =
2.00mm =

Thread method:
(®) cut thread
O Extrude (hreb

[ mirror rofile

[~ ©o0dey =

Locate Profile

Thread Options A
(®) Right-hand thread
(O Left-hand thread ‘
[IMutiple Start
[ rim with start face
[Jrim with end face

Preview Options A
(O Shaded preview
(®) Wireframe preview

(O partial preview

Fig. 38

Fig. 40
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J. Create Plane2 Thread Runout.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Rotate view up to view root of threads, use

Up Arrow key two times.

-
Click Top Plane |_j,| in the Feature Manager
to display Plane is graphics area, Fig. 41.

In graphics area Ctrl drag Top plane
down to approximately top of threads and
release, Fig. 42.

Zoom in on top of threads, Fig. 42.

In the Plane Property Manager set:
under Second Reference, Fig. 43

M=
7

& BOLT (Default)

» [A] Annotations

» [®) Solid Bodies(1)
Ei Material <not specified>

Front Plane

[ Top Plane

Right Plane
I_, Origin

4 @ Boss-Extrude

4 ﬁﬂ Boss-Extrude2

» @ Cut-Extrude1
D Plane1

4 éﬂ Boss-Extrude4

4 3 Revolve1l
[4¢] Mirror1

4 @Threacﬂ

Fig. 41

click vertex of bottom thread root at end, Fig. 44.
The new plane should parallel with Top Plane and at vertex.

Click OK % .

‘ Hold down Ctrl

drag plane down

Fig. 42

' Plane [©)
v X

Message

First Reference ~

o
N Parallel

Perpendicular

Coincident

45.00deg

24.59633153mm

% Mid Plane

Second Reference ~
Coincident ~

Project

0

Third Reference A

el ]

Options A

I Flip normal

Fig. 43
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K. Helix1 Thread Runoff. S BRI+ S ERSS
7 T

Step 1. Hide Plane2 ' To hide, click Planel ' in @ s0LT (Defauly & soLT Default
. . F 4 mAnnotations 4 mAnnotations
the graphics area and Hide ‘Q on the context » [ Solid Bodies(1) > (i) Sold Bodies()
tOOlbar, Fig. 45. gﬁ?:/r‘s:’:L::UtSPECIﬂECb gglr:vrljietl:;::otspemfled>
[i] Top Plane Lj Top Plane
_+-| ﬁ Right Plane Lj Right Plane
Step 2. Click Plane2 L+ in the Feature Manager and click |, %;):sgs'.lm o , %:;‘fs[lm -
Sketch il on the context toolbar, Fig. 46. . iﬂfgif,t:;:? : ?@]iﬂi:;*,‘;ji?
mj Plane1 u Plane1
4 @Boss-ExtrudeA 4 éﬂﬁoss—ExtrudeA
@ » ?Revolve@ 1% > » %Revolv @ 1% &
. oo [E=]Mirror1] s o (3R] Mirror1|[ x—
Step 3. Click Convert Entities ;°7'*"| on the Sketch B = N @ el g £+
tOOlbaI' - i Plane2 ﬁ] Plane2 ‘
Fig. 45 Fig. 46
Step 4. In the Convert Entities Property Manager:
under Entities to Convel‘t, Fig. 47 Convert circular edge
click circular edge of thread maximum
diameter, Fig. 48 © Convert Entiies ®
click OK %" . [ R
Step 5. Click Insert Menu > Curve > Dse.mj
H ellX/ Splral . [Jinner loops one bylone
Select all inner loops
Fig. 47

Step 6. In the Helix/Spiral Property Manager set:
under Defined By, Fig. 49
select Pitch and Revolution

under Parameters 2 welixsspiral ® Fio. 48
Pitch: 2 v % 18-
uncheck Reverse o -
direction P——— ‘ -~

. (®) Constant pitch
Revolutions: .125 O e
Start angle 90 deg hmm@
select [JReyerse directiun‘
o Revolutions:
Counterclockwise T G
click OK % | *@i&ﬁiﬁ :
O Clockwise
(® Counterclockwise
Fig. 49

Fig. 50
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Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

L. 3D Sketch1 Thread Runoff. Use Tab key to '
Step 1.

Rotate view to better view of helix, Fig. 51. Use Ql%
e

Left Arrow k i . three times and Down

V4

Arrow key once..

Click 3D Sketch in the Sketch fly-
&

Sketch

out on the Sketch toolbar.

-

Click 3 Point Arc £y (S) in the Arc flyout
£y~ on the Sketch toolbar.

Sketch arc with start endpoint at vertex of
bottom thread root at end and end endpoint
of arc at right end of Curve with radius in

between points, Fig. 51. Use Tab key sketch
along the YZ i, axis.

Unselect Arc tool. To unselect, right click
graphics area and click Select % from menu.

Ctrl click bottom thread circular root edge
and arc to select both. Release Ctrl key and

click Make Tangent a\ on the context toolbar,
Fig. 52.

Exit 3D Sketch. To Exit, click Exit 3D Sketch

in top right corner of graphics area.
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M. Sweep Cut Thread Runoff.

Step 1. Click Features
Manager toolbar.
Step 2.
toolbar.
Step 3.

Profile

click end face of Thread,
Fig. 55

Path {-_
click 3D Sketch
click OK % .

N. Chamfer.

Click Swept Cut on the Features

In the Cut-Sweep Property Manager set:
under Profile and Path, Fig. 54

Features | on the Command

n ﬁ Cut-Sweep @
v X
Profile and Path A
(®) sketch Profile
(O circular Profile
(O solid Profile

L
c H:W:I

Guide Curves v

Fig. 54

Step 1. Hide Helix/Spiral 5‘8 To hide, click the Helix/Spirall }‘8 in the Fea-

ture Manager and Hide

Step 2. Rotate view to vies both top and bottom circular edges. To rotate, click

Trimetric

®

on the context toolbar, Fig. 57.

on the Standard Views toolbar and Up Arrow key

@

three times.

Step 3. Click Chamfer

@

Fillet

@

chamfer | in the Fillet flyout on the Features toolbar.

-

Step 4. In the Chamfer Property Manager set:

under Chamfer Type, Fig. 58

select Angle Distance
under Chamfer Parameters

Distance& 8
A
Angle [N 450

click top circular edge
of head and bottom circular

=

7

@ Chamfer
v X

Chamfer Type

@nn

Fig. 56

SER S @
Nd

& BOLT (Default)
» Annutaticns
» [@] Solid Bodies(1)
55 Material <not specified>
Lj Front Plane
D Top Plane
u Right Plane
I_, Origin

4 éﬂ Boss-Extrude1
4 éﬂ Boss-Extrude2
4 éﬂ Boss-Extrude4
» (Bl Thread1

4 Hﬁ Cut-Sweep1

ﬂ Plane1
[ Mirror1
+ |2 Helix/spiral1

» (@ Cut-Extrude1
4 9 Revolvel
g 1° «
[ Plane2 Q{J’
Fig. 57

edge of shank, Fig. 59
click OK % .
(O No preview
Step 5. Save = (ctr1-s). s
£ 08omm
iy 45.00deg§
Fig. 58 g
Fig. 59 N Fig. 60
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O. Helix2 Knurl.
Step 1. Click Trimetric w on the Standard Views toolbar.

Top face
Step 2. Click the top face of head and click Sketch ||__| on the context
toolbar, Fig. 61.

Step 3. Unselect the face.

©

Step 4. Click Convert Entities ;°7:="| on the Sketch toolbar.
Step 5. In the Convert Entities Property Manager:
under Entities to Convert, Fig. 62 :
click outside circular [ @ N
edge of top chamfer, |+ x ~
Fig. 63 Entities to Convert A

click OK % . Cmeacn | Fig. 61
[Jinner loops one by one
Step 6. Click Insert Menu > Curve > S
Helix/Spiral. Fig. 62
Step 7. In the Helix/Spiral Property Manager set:
under Defined By, Fig. 64 —
select Pitch and Revolution
under Parameters

Pitch: 40
check Reverse direction
Revolutions: .15 £ Helixspiral ®
Start angle 90 &S
. Defined By: ~
select Clockwise ‘ .
click OK % . B 3
(O Variable pitch
Pitch:
40.00mm ~
LT
everse direction
Revzlutiuns s
0.15 ~
St s ’
tart angle:
@clmw?
O counterclockWise
Fig. 64

Fig. 65 Fig. 66
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P. Sweep Cut Knurl.
Step 1. Click the top face of head and click Sketch
—

—

on the context toolbar, Fig. 67.

®

In Polygon Property Manager set
under Parameters, Fig. 68

Number of Sides@ 4.

Top
face

Step 2. Click Polygon on the Sketch toolbar.

Step 3.

Step 4.

Step 5. Unselect Polygon tool. To un-

select, right click graphics

area and click Select
from menu.

Step 6. Ctrl click op-

posite vertices of

Make Horizontal ?\

polygon and click

on the context
toolbar, Fig. 70.

Ctrl click center-
point of polygon
and helix to select

Step 7.

Sketch polygon to right of Origin L, Fig. 69.

SZ2R"«@ @
Tl 24 B @

7

[O) Polygon
v

Options

[] For construction
Parameters
CHN -
v
(® InscYbed circle

(O Circumscribed circle
GPe I
I
o [mm |
A o ®
8 :
New Polygon

Fig. 68

\

. Ctrl cllck/Q /
. vertices —> // /s
o

both. Release
Ctrl key and click

Make Pierce @
on the context
toolbar, Fig. 71.
Make Pierce adds
a Pierce relation

between sketch and
helix.

Click Smart Dimension Fig. 71

&

Smart
Dimension

-

Step 8.

(S) on the Sketch toolbar.

Step 9. Dimension opposite vertices 2, Fig. 72.
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L
Step 10. Click Exit Sketch | 4, on the Sketch toolbar.

-

Step 11. Click Features | Features | on the Command Manager toolbar./////

Vi
Step 12. Click Swept Cut on the Features toolbar.

Step 13. In the Cut-Sweep Property Manager set:

under Profile and Path, Fig. 73 & cutswees @
v X
PrOﬁle u CliCk SketChs Profile and Path ~
(polygon), Fig. 74 Semurm
n () solid Profile
Path ( click Helix T
click OK % . d:@ R o
] Fig. 73 9 1° 4
Step 14. Save (=) (Ctrl-S). g PryN
- Selection Tools
Q. Circular Pattern Knurl. Zoom/Pan/Rotate
Step 1. Hide Helix/Spiral2 fg To hide, right click Helix in . Be“::t IC_)‘:/“;”‘.E”I":) '
eature ell pira
the graphics area and Hide ’\Q‘ on the context toolbar, \\ U Hide
Fig. 75. E:rrr:/ecr\nd...

Step 2. Click Circular Pattern |"E‘ﬂ LI LT | in the Linear
[H]
[EIE]

Pattern flyout | ''"*>" | on the Features toolbar.

Pattern

-

Step 3. In the Circular Pattern Property Manager set:
under Features and Faces, Fig. 76

click Cut-Sweep2 in graphicS = crutem 2 ‘
area, Fig. 77 v x ‘

under Direction 1 ’1—‘ ~
click in Pattern Axis box o.nstasmg -
click a cylindrical face @® equal spacig

[~ [360.00deg

- # =
Number of Instances ﬁ:;'i:- 18 a .

Features and Faces ~

Clle OK 'd. . ) Cul-Sweep2~

®

select Equal spacing

Step4. save = (ctri-s).

[JBodies v |
Instances to Skip v

Options A

[ Geomet ry pattern

(O Full preview
(@) Partial preview

Fig. 76

Fig. 78
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R. Mirror Circular Pattern Knurl.

Step 1. Ctrl click Front Plane |ﬂ and Circular Pat-
ternl feature in the Feature Manager to select
plane and feature, Fig. 79.

Step 2. Click Mirror on the Features toolbar.
Step 3.

In the Mirror Property Manager click OK % |
Fig. 80. =

¢ BERe@ >
Nd

&) BOLT (Default)
4 mAnnotations
» Solid Bodies(1)
35 Material <not specified>
[j Top Plane
[j Right Plane
I_, Origin
4 éﬂBosstxtrudﬂ
4 éﬂBosstxtrudez
4 @ Cut-Extrude1
D Plane1
4 éﬂBosstxtrudeA
4 3 Revolvel
E;\i] Mirror1
4 @Thream
[:J Plane2
» 2 Helix/Spiral1
L4 [{E Cut-Sweep1
@ Chamfer1
4 ?8 Helix/Spiral2
L4 Hﬁ Cut-Sweep2

kv ”
.d CirPattern1

Fig. 79

[5] Mirror @)
v X
Mirror Face/Plan
e — —
dary Mirror Face/Plan

Features to Min ~
@
Faces to Mirror v
Bodies to Mirror v
Options ~

[[] Geometry Pattern

Propagate visual properties

O Full preview

(®) Partial preview

Fig. 80
g.
e color @
v X w
[TBasic|advanced

Color/Image

Fig. 81
© 6 R }
S. Appearance: Blue. g %’ ; 1 gg
Step 1. Click the part to select part, click + : Emyb@m
Appearances Callout on the ~: égﬁsz;mm
context toolbar and click BOLT &5, | GQeorge [O]X
Fig 82 Click xRemDveAI& .
R part ~N
Step 2. In the Appearances Property Manager set:
under Color, Fig. 83
set RGB values
R 112
G 128
B 144
click OK .

Step 3. Save = (Ctr1-s).
Note: The knurling design
is deep cut for 3D printing.

Fig. 84
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