Example: Implant-Cement-Bone Study (draft 1)

Intrduction

Madel name: Implant_Step &
Study name: Study 1
Mesh type: Solid mesh
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Example: Implant-Cement-Bone Study (draft 1)

Adding an implant loading area

Select Other

Zoom/Pan/Rotate *

Recent Commands *

P1.65 Insert Tools 3Dcontrol COSMOSWorks Tod
Boss/Base » In v B | 0

3
e Jamo e

Features »

Pattern/Mirror »

Fastening Feature b

Surface 4

Face g
Cane falswwe. h |

Reference Geometry *

A Projected...

Implant_step_2

% 7R |@]
% Split Line
¥) %2
Type of Spht (&)
(" Sihouette

% Projection

(" Intersection

Selections (2]
| 7 ’_ |Current Sketch.
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Example: Implant-Cement-Bone Study (draft 1)

Add the cement layer

% O |%|@| % Implant_step_1
()
v)%)2)
Parameters 7
. [0.100n :I

i \\.|

[¥ shel outward
[~ Show preview

FIoT SPeCTeEd

—F= TVIATETTA
@ I -3 Lights and Cameras
Fillet b

Creates a rounded internal or
external face along one or more

edges in solid or surface feature.

ﬂ@%‘@
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Example: Implant-Cement-Bone Study (draft 1)

0@
[PovEnea Filetxpert

Fillet Type (&)
(& Constant radius
" Variable radius
" Face filet
¢ Ful round fillet

Items To Fillet

A | 0.10in

@ Edge<1=>

[~ Multiple radius filet

Tangent
d propagation

& Ful preview

" Partial preview

® [T ||E |@ | =% 1mplant_step_1

‘“‘\
Select Other

Select Tangency
Zoom/Pan/Rotate 4

Recent Commands *

Face

& Insert Sketch

£ 3D Sketch On Plane
Appearance i’

F

Feature (Shell2)
Edit Feature
15 Suppress
Parent/Child...
X Delete...
Appearance i’
[# Feature Properties...

Body
Hide

B2 Texture...

RCERD

Selection

B

[Implant_step_2 SLDPRT

ESave

Add a mating bone solid
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Example: Implant-Cement-Bone Study (draft 1)

| S 7 ||% |@ | E- Irmplant_step_2

— V) %)W
Insert Tools 3Dcontrol COSMOSWarks selections A
/Base g k i ﬁ |El @ Face<1>
3
cut Fdamo|
Features »
Pattern/Mirror G EI
Fastening Feature , Through Lines/Points
Surface » Paralel Plane at Point
Face » &3] [20.00deg =
Curve b
. * |3.70in 2
Reference Geometry * ﬂ ’F I ZI
"\_ i ; )
Shest Matal 3 - AXE... I_ Reverse direction
--@ Extrudel
=@ Extrudez
) Filet1
() shellz
@) Filet2
Feature (Planel)
Edit Feature
Hide
e
% 3D Sketch On Plarle
Section View
k5 Suppress
Rollback
- il
Implant_step_2
® ﬁ“%l@l T8 Implant_step_
e
V) X)) 2)
From £
|Sketch Plane j
Direction 1 A
Bind =]
} I
o [ 4.80in ﬂ

[~ Merge result
R—"

Page 5 of 24. Copyright 2007 J.E. Akin. All rights reserved.




Example: Implant-Cement-Bone Study (draft 1)

Prepare to remove the cement volume from the bone

Insert Tools 3Dcontrol COSMOSWorks Tof

Boss/Base > im v Bl @
Cut ‘i a miall e
@ rexound..
Pattern/Mirror » @) Chamfer...
Fastening Feature b
Hole
Surface v B prat...
¥ Irmplant_step_2
Face ® shel % 0B ® Implant_step_
Curve v & rib... -
“Mowve/Copy Body
Reference Geometry * ol scale... o
8 Dome... @ ‘_x/] :/]
Sheet Metal ’ - s
& Freeform... Bodies to Move A
Weldments o
@ Deform... lﬁ} Solid Body=1>
Molds G
‘@ Indent...
£ part... B Flex
Mirrar Part... Wrap...
Mate Settings A
& sketch B caviy... e
3 ace<1=
&7 3D Sketch W o
& 3D Sketch On Plane ™ Combine...
Derived Sketch I spit... l Add l [ Undo ]
DXF/DWG... 2
: Delete Body... Coincident
Annotations r —
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Example: Implant-Cement-Bone Study (draft 1)

V) X))

»r

Bodies to Move

»

Bodies to Move

& [Soid Body<1> © [SoidBody<i>

Mate Settings & Mate Settings 8
& P ) |Face-=1>

| add | | undo | | add | | undo |
A Coincident A Coinddent

Insert Tools 3Dcontrol COSMOSWorks Tod
Boss/Base dIEE RSl
Cut ‘A amalle
Pattern/Mirror v @ chamfer...
Fastening Feature >

Hole

Surface v B Draft...
Face v [ shell..
Curve v il Rp...
Reference Geometry * dl scak...
Sheet Mot > © pome...
S , & Freeform...
Mokds R @ Deform...

@ Indent...

B part... B Fex
Mirror Part... Wrap...

E sketch By

&% 3D Sketch W on...

25 3D SketchOon Pane 91
Derived Sketch 1] Split...
DXF/DWG... $3 Move/Copy...
. N Delete Body...
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Example: Implant-Cement-Bone Study (draft 1)

% Implant_step_2

® [T i |@|

' @@@
\OperationType %/

¢ Add
& Subtract
¢ Common

\MainBody %]
O IISoﬁd Body=1>
| Bodies to Subtract % |
O Solid Bo

odies to keep ST

ok | cancel| Hep |

Bodies
" Al bodies
® Selected bodies

[lmplant_step_3 SLDPRT

Save

Build an assembly for stress analysis

= Insert Component

PO

New SolidWorks Document

a 3D representation of a single design component

Part

M

Select a part or assembly to insert

and then place the component in

the graphics area. Use the push pin

% to insert multiple copies of the same
or different components.

Hit OK button to insert a
component at the origin.

@ * a 3D arrangement of parts and/or other
Aszsembly

a 2D engineering drawing, typically of a part or assembly
Drawing
Advanced | 0K |
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Example: Implant-Cement-Bone Study (draft 1)

Insert Tools 3Dcontrol COSMOSWorks Toolbox Windo

a Existing Part/Assembly...

S Mmate... " New Part...
Comnnnan £ Dotborn . % Mew Assembly...

[implant_step_2 SLDPRT
|Part (".prtsidpr) | Cancel |

e/ "

Insert Tools 3Dcontrol

-

Mate the cement to the bone

Component

Y
| Mate

3
3-

»

Standard Mates

Coincident

Darallal
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Example: Implant-Cement-Bone Study (draft 1)

V) X))
Mate Selections #

% |[Face<1>@Implant_step_3-1
< Face<2>@Implant_step_2-

LA R A B

»

Standard Mates
A Coincident

> | Parallel

L | Perpendicular

images out of order here (missing)

two more mates

IImpIant_Step_4 E Save

Add the implant solid to the assembly
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Example: Implant-Cement-Bone Study (draft 1)

|[nsert Tools 3Dcontrol COSMOSWorks Toobox  Window

Component 4 U xisting Part/Assembly..
L S Mate... " New Part...
Implant_step_1.SLDPRT
- =

CiMate ||
RS
W@W&———@
@ Face<1=>@Implant_step_1

ol

StandardMates %
Coincident

Paralel

RO
\MateSelections _____*
@ I Face<3>@Implant_step_1-
Y

StandardMates %
Coincident

Paralel

Perpendicular
m Tannent
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Example: Implant-Cement-Bone Study (draft 1)

 Mate |
V) X932

Mate Selections

Standard Mates
A | Coincident

2 | Parallel

L | Perpendicular

o™ | Tangent

Mate Selections

Standard Mates
A | Coincident

> | Paralel
L | Perpendicular

o™ | Tangent

Conduct stress analysis of assembly

"f’*’!) N,
Name b
|5tud}h—'
@lﬁ“% @ ¥ ISDHd mesh ﬂ
QM"‘" A
7R @,1! oo AET (T¥pe
WImplant_Step. 3| | -’f Sensc g7 Advisor... ¢  Static

Set each of the three material region properties
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Example: Implant-Cement-Bone Study (draft 1)

@ Implant Step_5

EiParameters
------ ¥ sensors
B & study 1 (-Default-) ® lﬁ “% @ |
@Implamt Step 5

: @ Solids
+ % Implant_step_1-1

= Implant_step_2-1
=y Implant_step_3-1
----- 18| nadRestraint
----- B Design SCenario
----- W Contact/Gaps (-Slobal

----- W mesh

S Parameters

Y Sensors

=-df study 1 (-Default-)
El-@ Solids

%M

=il Apphy Material to Al E‘vodres
l-%lmplamt step_3-1

~Select material source

( Use SalidwWarks material
(" Custom defined

(" Centor library Launch.. |

® From library filas

cosmos maternals LI
@ Plastics (19) -
..... ARS
----- ABS PC

----- Acrylic (Medium-high
----- Delrin 2700 HNCO10. L
----- Mylon 107

----- Mylon 6710

----- FAType B

----- FBT General Furpos
----- PCHIghVISCDSITy’
----- @ FE High De ]

----- FE Low/Medium

----- FOM Acetal CDpDIyr_
----- FF Copolyrmer

----- Fs Medium/High Fle
----- FTFE [general)

| 4

Froperties |Tab|es & Curves | Fatigue SN Curves |

~katerial Froperties

tdodel Type: ILinearEIastiu:Isotrc:piu: LI

Units: =l i

Categgry: IPlﬂStiCS

Misree IPE High Density

Description I
Froperty |Descriptian |\falue |Units
Ex Elastic modulus 1070000000 Mm™2
LI Foisson's ratio 0410 T,
Gl Shear modulus 377200000 Mm™2
DENS Mass density 952 ko/m™3
SIGHT Tensile strength 22100000 MNfm™2
SIGHC Compressive strength MN{m™2
SIGYLD  Yield strength MNfm™2
ALF= Thermal expansion ct JKelvin
ko Thermal conductivity 0.461 Wilm K)
C Specific heat 1796 Jilko K
—————eeeeeeeeeeeeee—

(0] | Cancel Edit

_/} Sensors

-@ Implant Step 5
& parameters

B ‘& Study 1 (-Default-)
E| T Solids

I.:.%I mpla _

& .% Irplant StepJ Apply Material to Al Bodies...
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Example: Implant-Cement-Bone Study (draft 1)

—=elect material source

 Lze SolidWorks material

(® Custom defined

Launch... |
=
=

(" Centor library
(" From library files

Icusmus matetials

Flastics (19)
ABS
ABS PC
Acrylic (Medium-
Delrin 2700 KCO1
Myl 107

Mylon 6410

Fa Twpe B

FET General Pur
FC High Yiscosit
FE High Density
FE Low/kedium
POM Acetal Cop”
FF Copolyrmer

Fs Medium/High

5 FTFE (general]
4 | | 4

Fropeties |Tab|es & Curves | Fatigue SM Curves |

~Material Froperties

todel Type: ILinearEIasticISDteric j

Units: =l -

Categgry: IPlaStiCS

Marme: ICement

Description I
Froperty |Descriptian Yalue |Units
Ex Elastic modulus 1070000000 Mm™2
LI Foisson's ratio 0.41m T,
Gl Shear modulus 377200000 Mm™2
DENS Mass density 952 ko/m™3
SIGHT Tensile strength 15000000 MNfm™2
SIGHC Compressive strength k MN{m™2
SIGYLD  Yield strength MNfm™2
ALF= Thermal expansion ct JKelvin
ko Thermal conductivity 0461 Wilm K)
C Specific heat 1796 Jilko K

(0] | Cancel Save

A Sensors

R Solids

=& study 1 (-Default-)

% Implant_step_1-1
Implant_step_2-1

B Design Scenario

W Implant_Step_S
S Parameters
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Example: Implant-Cement-Bone Study (draft 1)

—=elect material source

 Lze SolidWorks material

(® Custom defined
Launch... |

(" Centor library
(" From library files

Icusmus materials j
=8 |ran (3)
M-8 Steel (30)
-8 Aluminium Alloys (55)
=B Copper Alloys (19)
=B Titanium Alloys (17)
H-B Zinc Alloys (4)
=B Cther Allays (3)
=B Flastics (14)
=8 Other betals (11)
=-8 Other Non-retals (5]

[ A

-l Ceramic Porcelain
~B Glass

~B Rubber

. Wiater

Fropeties |Tab|es & Curves | Fatigue SM Curves |

~Material Froperties

Model Type: ILinearEIasticISDteric j

LInits: Sl -

Catagory: IOther Mon-metals

Marme: IElc:ne|

Description I
Fropery |Descriptian |\falue |Units
Ex Elastic modulus 2.2059e+011 MNim™2
LI Foisson's ratio nzz T,
Gl Shear modulus 9.0407e+010 Mm™2
DENS Mass density 2300 ko/m™3
SIGHT Tensile strength 140340000 MNfm™2
SIGHC Compressive strength 551490000 MN{m™2
SIGYLD  Yield strength MNfm™2
ALF= Thermal expansion co 1.08e-005 JKelvin
ko Thermal conductivity  1.4343 Wilm K)
C Specific heat 877.96 Jilko K

(0] | Cancel Save

Now set (assumed) loads and restraints

(The touching material interfaces are automatically bonded.)

=W Solids

----- 3y oad, i
----- B Design Scen.
----- W Contact/Gar
..... @ Mesh
~{H>|Report

= Study 1 (-Default-)

% Implant_step_1-1
% Implant_step_2-1
=B Implant_step_3-1

Hide All
Show All

of Restraints...
L Pressure...

~ B
& Gravity...
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Example: Implant-Cement-Bone Study (draft 1)

[ Force
R

Type =
" Apply force/moment

Force walue (M):
& Apply normal force Along edge (M):

" Apply torque

@ Face<1>@Implant_step_1-

[v Show preview

Units 2
El s -]

Normal Force/Torque (Per =) |4
EHW- n 4
4 [7s0 ~|n

[T Reverse direction

W Implant_Step_5
2 Parameters

=-af Study 1 (-Default-)
=% solids

=8 Implant_step_1-1
=8 Implant_step_2-1
- Implant_step_3-1

----- B Design Scet . =

----- B Contact/Ga =
----- W Mesh 4L Pressure...

| Restraint |
V) %) 2)
Type @

IImmouabLe (Mo translation) j

NE

Face<2>@Implant_step_3-
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Example: Implant-Cement-Bone Study (draft 1)

=¥ study 1 (-Default-)
=S solids

= ® Implant_step_1-1
= ® Implant_step_2-1
=B Implant_step_3-1

----- B Design Scen,  dide Al
----- W contactjcap  2Now Al
..... @ Mesh

~{H>|Report

 Type

" Apply force/moment

Force walue (M):
Along edge (M)

& Apply normal force

" Apply torque

@ Face<1>@Implant_step_1-

[v Show preview

Units &)
El s -]
Nor_mal Force/Torque (Per (&) |
4 [7s0 ~|n

[T Reverse direction

Page 17 of 24. Copyright 2007 J.E. Akin. All rights reserved.



Example: Implant-Cement-Bone Study (draft 1)

Build a mesh
Iél--i* study 1 (-Default-)

E---@;Solids
& S Implant_step_1-1 V) X)?)
---%Implant_step_z-l Mesh Parameters: 3
% Implant_step_3-1 I

EIQ Load/Restrant
& Force-1 - k _
- gfRestraint-1 oarse [Mesh facto

----- B Diesign Scenario El Iin |

----- Contact/Gaps (-Global; Bonded

,,,,, " vy tsaps { B |0.4532846 ~|in

e B |

rPT—— & | 0.02266423 |

Muodel narme: Implant_Step_5
Study name: Study 1
Mesh type: Solid mesh

SRR S AT
O NN R AT
NSRRI S ST

ISR

i

i
i
G
ik

4y

Run the model solution
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Example: Implant-Cement-Bone Study (draft 1)

@ Implant_Step_5

P arametars

Y Sensors
Py 1 (Dotapi
' @Solids @

=

- Implant_s & Run

Plot the displagcements

4

Linear Staticv2007 SPOC:\...\Implant

=lofx|

lterative Solver

Nodes: 32213

Stop | Pause |

Elements: 22393

Elapsed Time

D.OF: 93834

00:00:04

URES (mm)

5.063e-003
l 4.430e-003
. 3.797e-003
3. 164e-003
2531e-003
1.898e-003
1.266e-003
5.328e-004

1.000e-030

URES {mm)
5.063e-003

l 4.430e-003

U 37970003

Wi 31Bse003
=y U 25310003
| J 1 898e.003
1 2BFe-003
£ 3286004

1.000e-030
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Example: Implant-Cement-Bone Study (draft 1)

URES (mm)
5 0R3e-003

l 4.430e-003

- 3.797e-003

OB W

B e e T LT y

; B N oW W 3.164e-003
. 2.531e-003

—AARL A w al Bt aF —r — L 4y

R - a % o o ey
R TR WA W% WA AR L L 1.898e-003
Al e a8 e nr o 1.266e-003
= = SO NN LN o Wy b T
i i T b e Woh N T T T T S T T T 5.328e-004
AT T T e e e Y P o N TR S O R Y 1.000e-030

Examine Stresses

van Mises (MNm"d)
1.00e+005
9.17e+004
8.33e+004

7.80e+104

B.67e+104

5.83e+004

5.00e+104

4.17e+104

3.33e+104

2.50e+104

1.67e+104

3.33e+103

0.00e-+300
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van Mises (N/m?2)
1.00e+05
917 e+104
3.33e+104
- 7.50e+004
- B.67e+104
5.83e+104
5.00e+004
4.17e+104
3.33e+104
2.50e+004
1.67e+104
8.33e+103

0.00e-+300

5.83e+004

5.00e+104

4.17e+104

_ 3.33e+104

2.50e+104

1.67e+104
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von Mises (N/m"2)

1.00e+005

/ \ l 9.17e+004
| 5.33+004

) . 7.50e+004

' L BE7e+I04

> £ fi3a+004

1.67e+104

8.33e+103

0.00e-+100

von Mises (Wim2)
5.00e+005

l 4.5Ge+105

L 417 e+105

. 3.75e+105
;'3.339-\‘4305

2.92e+105

§.33e+104

van Mises (M/m"2)
5.00e+005
l 4.58e+005
L 4.17e+005
. 3.75e+005
. 3.33e+105
2.92e+005
2.50e+005
. 2.08e-+005
. 1.67e-+005
1.25e+005
8.33e+004
4.17e+004

0.00e-+100
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van hises (N/m*2)
1.00e-+105

8.17e+104

§.35e+004

- 7.80e+104

- B.BE7e+104

5.85e+104

5.00e-+104

4.17e+104

 3.33e+104

2.50e+104

1.67e+104

§.353e+003

0.00e-+100

von Mises (N/m*2)
1.00e-+05
9.17e+004
8.33e+004
- 7.50e+104
. B.67e+I04
5.83e+004
5.00e+004
4.17e+004
. 3.33e+104
2.50e+004
1.67e+004
§.33e+003

0.00e-+100
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Example: Implant-Cement-Bone Study (draft 1)

Plot the intensity (twice the max shear stress)

Intensity (M/m"2)
5.00e+005

4 58e+105

4.17e+I05

- 3.75e+I05

- 3.33e+I05

2.52e+105

- 1.B7e+I05

/\/ﬂ

Intensity (MNA/m*2)
5.00e-+005

4. 58e+005
4.17e+105

- 3.75e+005

- 3.33e+005

. 2.92e+105

]

Intensity (M/m"2)

5.00e-+105
l 4.58e+105
4.17e+105

- 3.75e+105

. 3334005
. 2924005

2 05

..EJDE
Intensity (MN/m"2)
5.00e+005
\ l 4.58e+005
4.17e+005

. 3.75e+H105

- 3.33e+105

. 29264005
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