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BaseBall Cap

Prerequisite knowledge

Focus of lesson

Introduction

Surfaces 3

To complete this model you should have a working knowledge of Solidworks
2006/20009.

This lesson focuses on using the following Surfaces tools: Filled Surface,
Surface Thicken, Surface Offset as well as the usual sketch and feature Tools.

We will begin with the hat section of the baseball cap. First let us explore the
geometry of the hat section. This will be created using a surface fill based on an
elliptical profile and three guide curves as shown below.

uide curvel

Profile: this ellipse forms the
boundary of the surface and is drawn
on the Top Plane.

Guide curve 3

Guide Curve 1: drawn on the Front
Plane. Its endpoints are coincident
with the major and minor axes of the
profile ellipse.

Guide curves 2 & 3:drawn on planes
which will be defined using the 60

degree lines and the vertical ]
centreline. Guide curve 2 Profile

Once the profile and guide curves are drawn, the Surface Fill tool is used to
generate the hat section.
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Sketch 1

Creating the
Base Profile
Of the

Baseball cap

Sketch 2
Guide curve
from front
to back
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We begin by creating a sketch on the Top Plane. i I

: . : |

Sketch the two centrelines shown, which will i

act as the major and minor axes of the T H#.F o]

profile ellipse.Smart Dimension as indicated ‘ 2500 | ‘

and make the midpoints of both coincident }

with the Origin. —t

From the sketch toolbar select ellipse.

Make the centre of the ellipse coincident with

the Origin and make the ends of the major axis
coincident with the ends of the horizontal
centreline. Drop the ends of the minor axis

beyond the ends of the vertical centreline. (If you
were to drop the ends of the minor axis onto these
points, the automatic coincident relations will not
be added). We have to apply this coincident relation
manually.

If it is decided to change the dimensions of the
centrelines, the major and minor axes will
automatically update to reflect this.

Sketch the centreline shown with the
relations applied. Smart dimension the
angle indicated. These lines will be used
in the setting up of planes to contain
guide profiles for the body of the cap.

Mirror the 60 degree centreline about the
major axis as shown.

Mirror both of these lines now about the
minor axis. Note the automatic relations.

Should we decide to change the angle, or the
dimensions of the ellipse these lines will
automatically reflect these changes because
of the relations applied.

Confirm the sketch. E;g

Create a sketch on the Front Plane.

If the length of the base of the cap

is changed, the curve forming the profile
from front to back will need to update to
reflect this change. In order for this to happen
we will use the centreline(major axis) from
sketch 1.
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Convert
Entities

Trim

Side profiles

Insert Plane

Sketch 3

Hide
Sketch 4

Filled Surface
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Choose an isometric view, select the major axis,
select convert entities from the sketch toolbar.

N.B. The line will revert to a solid line so it must be
changed back to a construction line, use the property
manager.

Choose a front view. Draw the centreline and
smart dimension as shown.

Draw the ellipse with the endpoints of the
major axis coincident with the ends of the
horizontal centreline. As with sketch 1 —
manually apply the relation afterwards.

Trim the sketch to form the semi-ellipse shown.
This curve will be the profile of the baseball cap
from front to back.

Confirm the sketch. Ez)

The profiles for the sides of the baseball cap are needed to give the cap the
required shape. Were we to form the surface without them, it would end up rather
spoon shaped! The profiles will be drawn on two separate planes, which will be
set up using the 60 degree lines from sketch 1 and the endpoint of the 200mm
vertical line from sketch 2.

Selections A /_\%\

Select reference geometry, plane. | |unes@sketc

- -

Choose the following selections. fet st /

Choose OK. 4 [E.‘ Through Lines/Points \\1 ™~
AN

Create the sketch on this plane in the same fashion
used for sketch 2. Use convert entities

Hide plane 1 when the sketch is completed.
Repeat the process to complete sketch 4.
Select Filled Surface 59@ from the Surfaces toolbar.

Use sketchl as the patch boundary.

As can be seen from the graphic, this is basically
a planar surface.
Select sketches 2,3 and 4 @( seuln
as the guide curves.

These curves will define the curvature
of the surface we require.

Constraint Curves A

[camtactsretarny ||| 14777
Wl

1
I =
Tl A
Shetehd

The patch boundary acts like a cutting plane
as it trims off the excess surface created by
the guide curves.
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Rename Feature

Rotate

Surface Thicken

Creating the Stitching

Sketch

Stitching 1

Rename Feature
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Select OK. #

Rename the feature as Hat Section.

If the Hat Section is rotated and viewed
from underneath it can clearly be seen that it has no thickness.

R
To give the Hat Section a thickness, v

Thicken Parameter:

select Thicken@ m=Ifrom the surfaces toolbar.:" g

. _ Vil

Select the Hat Section as the surface to thicken. & cme=g
Merge result

Select 2mm as the thickness.

Select Thicken Side 1 so that the surface thickens

towards the inside of the hat to keep the dimensions

of the outer surface unchanged.

In order to create the stitching effect we will sweep a semicircular profile along
the existing guide curves. We will also use the intersection of these guide curves
with the base of the hat section as coincident points for to create the profile of the
stitching.

We will begin by creating the semi-circular profile
sketch on the Top Plane.Choose to show sketchl.
Choose a Normal To view.

Make the centre point of the circle coincident
with the intersection point as shown.

Use Convert Entities to use the ellipse to trim
the circle.

Smart Dimension to diameter Imm.
Confirm the sketch. E’;‘g
To create the stitching, select Swept Boss/Base

from the Features menu. £ s«estzess=e= [N Order to create Csucting s 7|
the sweep a profile and a path are required.

. 7z %
Use sketch 5 as the profile. Select sketch 4 as the path —
along which the profile will travel. :[ ISketPh;_
Select OK & § Moo |
Rename the feature as Stitchingl. =@ Hat Section
= sketchi
kekch
You will now notice an open hand under sketch 4in both %Zke:chz
the Hat Section and the Stitching. This indicates that the [E° sketchd

sketch is being shared by two features. If the dimensions @) ;'tjitd:?nll
of the hat section are changed the stitching will = @é;ﬁcm
automatically update as a result of this selection. [ sketchd
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Stitching 2

Stitching 2

Rename Feature

Creating the
Button

Insert Plane

Sketch

Extrude
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Repeat this process for Stitching 2. First create
the sketch of the semi-circle with its centre point
coincident with the intersection of sketch3 and sketchl.

Smart Dimension to diameter 1mm.

Use Convert Entities to use the ellipse to trim
the circle.

Confirm the sketch. E;)

Profile and Path ]

SN Er—
Ny E—

To create the stitching, select Swept Boss/Base
from the Features menu. = swestsoss pase

In order to create the sweep a profile and a path
are required. Use sketch 6 as the profile.

Select sketch 3 as the path along which the profile
will travel.

Select OK.+

Rename the feature as Stitching?2.

In order to create the button feature on top of the cap we need to set up a plane
on which to create the sketch, as we can’t sketch on the surface of the cap. By
creating the sketch on this plane, it can then be extruded to the surface of the cap.

Choose Plane| % [ from the Reference Geometry e A
Top Plane
commands on the Features menu. '

B part1
Sensars

Annaotations " | Through LinesPaoints
%= Material <not specified=

Front Plane = | Parallel Flane at Point

rep Pane BfEwes ]
; R Right Plane

Set the distance as 102mm. This puts ' T ~- | EZET
the plane 2mm above the highest point of W

the hat section.

Choose Top Plane as the first
Reference.

Reverse direction as required.
Select OK.+
Create the sketch shown on Plane 3.

The centre of the circle is coincident with the
Origin.

Confirm the sketch. E;;

Select Extrude from the Features menu.

Make the following selections:
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Rename Feature
Hide

Rear Hole

Rename Feature

Adjustment Strap
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For direction 1 choose Up to Surface. "

‘ Sketch Plane v |

Direction 1 “

Select any one of the outer faces of the @) oo
hat section. This will cause the extrusion I’—‘
to stop when it reaches this surface.

% ‘ IFace<1>

[¥]merge result

Select OK.+#
Rename the feature as Button.

Hide Plane 3.

In order to create the rear hole cut on the back

of the cap, once again we will have to create the
sketch on a plane and extrude cut up to the surface
as we can’t sketch on the curved surface.

Create this sketch on the Right Plane, making the
centre of the circle coincident with the origin.

Sketch a horizontal line and smart dimension as
shown.

Using the Trim command trim the ends of the line
and the circle.

Confirm the sketcr @b

From the Features menu select Extruded Cut.

From B

Set the end condition to through all | [seeeee v
to ensure that the cut passes through [erectens A
the entire hat structure. ) s

"I:

Flip direction as required, to make
sure that the cut is made to the rear.

Select OK.+

Rename the feature as Rear Hole.

The adjustment strap of a baseball cap is usually made from a different material
to that of the cap. We already have the strap drawn as part of the hat section. We
can use the Split line &4 tool to separate the strap section from the hat surface,
and apply a different appearance to the strap. The Split Line tool projects an
entity (sketch, solid, surface, face, plane, or surface spline) to surfaces, or curved
or planar faces. It divides a selected face into multiple separate faces.
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Sketch

Split Line

Rename Feature

Appearance

Adjustment Strap
Inside
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We must first create a sketch to use as the line for the @F-o-02 8-
Split line command. DODD

B® 0 6

Take a Left View to enable us to view the rear hole of &

the Hat Section.

1

= =

Left
Rotates and zooms the model to the left
wigw orientation.

Create the sketch shown opposite on the Right Plane,
Having its centre on the Origin and making the
circumference of the circle coincident with the
point indicated.

Confirm the sketck E;;

Select Curves, Split Line, from the Features menu.

»

Type of Split
) Silhouette

@ Projection

Under Type of Split select projection; as we want
to project the sketch onto the curved surface to create
the split.

() Intersection

Make the following selections : [seiections A
Ly

Sketch 9 as the sketch to project | |Fa"‘“

Face 1 as the face to split.

Select OK.#
Rename the feature as Adjustment Strap Outside.

It appears as though nothing has changed because we don’t see a line appearing to
separate the two surfaces, so for clarity we will add a colour to the strap portion.

Select the strap portion as shown and select the
Appearance option.

@Ad]ustment St
) Bod
Zoam{P. E i

@Part1

Recent Commands

Select Face<1>@Ad]...
Make the following ﬂ
colour selection.

The division of the surfaces is now much clearer.

The procedure is repeated for the inside surface of
adjustment strap.

Select Curves, Split Line, from the Features menu.

Under Type of Split select projection; as we want ™ e ’
to project the sketch onto the curved surface to create gl
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Rename Feature

Appearance

The Peak

Hide

Trim

3D Sketch
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the split.

Make the following selections : & & sutton

+ @ Rear Hole
= @ Adjustment Strap Outside

Sketch 9 as the sketch to project B sketchs

The inside surface of the Hat section as the face to split.

Select OK.+#
Rename the feature as Adjustment Strap Inside.
Again apply a colour to the strap portion. We can apply

the colour to the upper surface of the strap as well.
The lower edge has not been split. Do not include!

The peak of the cap is created using the Filled Surface tool. The boundary for the
surface fill is drawn using a combination of ordinates (3D Sketch) joined up
using the Spline tool and a portion of the elliptical curve on the base of the Hat
Section. el

Choose to show Sketch 1, and choose a bottom view.

Using Convert Entities convert the lines shown
to the new sketch and change their properties to
for construction.

Hide sketch 1.

Select the elliptical edges shown and use Convert
Entities to make them usable in this sketch.

We are using the inner edge of the Hat Section as a
boundary for the peak to ensure when the surface is
thickened it will merge with the surface of the

Hat Section and eliminate the possibility of any
space between the peak and the Hat Section.

Use the Trim tool to trim the curve as shown.

Confirm the sketch. E';;,

The peak of a baseball cap is a warped surface. In order to create this effect we
will use 3D Sketch £ to set up points to form the outline of the peak. These
points will be joined up using the Spline tool ™~ to form a smooth curve. When
setting up points using the 3d sketch tool it is generally done by eye — the points
should be viewed from the top, front, and sides as well as in isometric while
positioning them. When the spline is added the points and curve can again be
pulled into shape, so to speak, to achieve the desired curve. In SolidWorks a
spline in 3Dsketch tends not to be fully defined. The points can also be set up
using XYZ coordinates in 3Dsketch. For convenience in this exercise we will use
coordinates to set up the boundary curve for the Peak.
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XYZ Values

3D Spline
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From the Sketch menu select 3D Sketch £
to activate the tool.

Now select the Point # command. Select an
isometric view and position the seven random
points as illustrated.

Note these points are dropped in
randomly for the present. We will apply XYZ
values to correctly position them.

o Lo

As can be seen from the orthographic views
the points are randomly positioned but are
forming a rough outline of the peak.

-
K
o
.
.
x
.
.
.

S

To apply the coordinates to the points we will X Y 7
use the values outlined in the table across.
100 | -15 90
Working from left to right apply the XYZ 160 | -20 75
values to each of the points in turn. 185 | -15 45
195 | -10 0
Select the first point by left clicking on it. 185 -15 -45
160 | -20 -75
Fill in the values for the first point from the 100 | -15 -90
table.
Parameters
Use the TAB key to move between the |, 000 o - .
XYZ value boxes. o0 "
B | =000 ° N :
Repeat the process for each of the points. s f *

Select spline r from the Sketch menu.

Start the spline on the intersection of the
construction line and elliptical curve of
Sketch 10. We want the spline to start here

so that when the surface is created and
thickened it will merge with the surface of the
Hat Section and eliminate the possibility of any space
between the peak and the Hat Section.

Wireframe used
for visibility

Continue to join up the points with the spline tool
taking care to complete the curve in one go.

Finish the spline (Right click and choose end spline) AN ~
at the intersection of the other construction line and . -
elliptical curve of Sketch 10. # & el

End spline

Confirm the sketch. Eg;.
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From the Surfaces menu select the Filled
Surface tool. |#| The Filled Surface tool
constructs a surface patch with any number

of sides, within a boundary defined by existing
model edges, sketches, or curves,

including composite curves.

Patch Boundary

Select 3DSketch 1 and sketch 10 [,
as the patch boundaries. I

>

3D35ketchl - Contack
Sketchl0 - Contact

Select OK.+

We have now created the under-surface
of the baseball cap peak.

Rename the feature as Peak.
To give the Peak some depth we will
use Thicken ® from the surfaces menu.

Thicken Parameters R
Select the Peak as N ek
he surf hicken. s
the surface to thicke Vil
. &) | 2.00mm 2
Set the thickness to 2mm. M -
| Merge result

Choose to thicken side 2 as
This will ensure that the
Surface of the peak thickens
towards the hat section.

Select OK.+
Rename the feature as Thicken Peak.

To create the Nike logo on the peak of the cap we will have to set up the sketch
on a plane or planar surface as we can’t create a sketch on a curved or warped

surface. The top surface of the logo must also run parallel to the top surface of the

peak — as it sits on the peak of the cap. To satisfy this condition we will set up a

surface offset. By doing this the extrusion can begin at the offset surface and end

at the top surface of the peak.
Select Offset Surface 5 from the surfaces menu.

Choose the top surface of the Peak as the
Surface or face to offset.

DOffset parameters
Ql Face=1x=
Set the thickness to 0.3mm.
Select OK.« L& [oaom
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Extrude

Rename Feature
Hide

Fillet

Rename Feature

Fillet

Rename Feature

Fillet

Rename Feature
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Create the sketch shown on the Top Plane.

Smart dimension the sketch as shown.
Note the automatic relations.

Confirm the sketch. E;-,

The sketch has been created on the Top
Plane but will be used to create the
extrusion from the Surface Offset to the
top surface of the Peak.

Select Extrude boss/base & from the
features menu.

Select sketch 11 as the sketch to use
for the extrusion.
Make the following selections:

Set the start condition as Surface/face/plane ~ ssseraori o
N fpfeca ]

Choose surface — offsetl as the start point. D@tl |
p To Mext “

Change the direction of the extrusion so that g ||:|
It is extruding towards the top surface of the e ek
Peak.

Set the end condition as up to next.
Select OK.+

Rename the feature as Nike Logo.

Hide Surface-Offsetl.

Apply a fillet of 0.2mm to the top edges
of the logo.

Rename the feature as Logo Fillet.

Apply a fillet of 0.5mm to the top edge of
the peak.

Rename the feature as Peak Fillet.

Apply a fillet of 0.75 to the top edge
of the button.

Rename the feature as Button Fillet.

Design & Communication Graphics
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In order to put the NIKE text across the front
of the hat section we again have to set up a
Surface Offset as we can’t create a sketch on
the curved surface.

From the Surfaces menu select surface offset as before.

Choose the front of the hat section as the surface g[;”:;l“; A
to create the offset from.
Set the offset distance to 0.25mm. (][22 -

Select OK.+

Create the sketch shown on the Right
Plane. Apply a vertical relation between
the midpoint of the centreline and the
origin.

Smart dimension as shown.

Choose Font |'

Fonk: Fonk Style: Height:

Choose Text# from the sketch menu. | == e =
o e o
Puaints 136

Make the following selections: 8 ovcttieron soec | [BH

Hr arial Narrow Special (%

(R

Sample

Effects
[(strkeout  []Underline

Choose the centreline as the line for
the text to follow.

Select Arial as the Font.

Set the Font Style to Bold Italic.
Set the units to 35mm.

Select OK. .+

Confirm the sketch. 'E"@

Select Extrude boss/base & from the
features menu.

Select sketch 12 as the sketch to use for the
extrusion. Make the following selections:

Set the start condition as Surface/face/plane

From w

|SurFace,|’Face,|’PIane w |

Choose surface — offset 2 as the start point.

[y | |SurFace-OFFset2 I

Direction 1. #

@ |U|: To Mexk w |

Change the direction of the extrusion so that
It is extruding towards the front surface of the
Hat section.
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Rename Feature
Hide

Apply Material

Apply Colour

Set the end condition as up to next.
Select OK.+#

Rename the feature as Nike Text.
Hide surface — offset 2.

Under fabrics choose Blue Cotton as the material.

Apply it to the body of the hat section. | o & F®

Select the colour shown across as the colour
for the NIKE text and the logo. Make sure the colour
is applied to the fillets on the logo as well.
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o cotbon

.
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Exercise complete!

Having completed the exercise it is worth
noting the initial positioning of the origin and

the subsequent usefulness of the origin and

reference planes in completing the exercise.
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