Introduction

Midterm Project Goals

The goal of this project was to model an Ab-Roller using Ideas Master Series.  Each component of this machine and its use had to be described.  The process that was taken to design each component was also shown in detail.  In addition this, the procedure for assembling all the parts together was explained.  The before and after shots of the Ab-roller can be seen in  Fig. 1. 


Figure 1:  Real, CAD model, FEM model of Ab-Roller

Description of Fem Model & Loading Conditions
The beam part of the Ab-Roller will be modeled with linear tetra elements.  The web part of the structure was modeled using thin-shelled elements.  The bearings and handles were modeled using beam elements.  Lastly, the wheels were modeled using a solid mapped mesh.  A load total load of 125lb was applied to each arm in the y direction to mimic a person’s weight.  The apex of the wheels were clamped and the top was given restraints in the x and y direction to stop mechanisms.  The elements were appended and then solved for deflections.  

Description of Ab-Roller and how it is used

An Ab-Roller is a machine that is used for health and fitness purposes.  The Ab-Roller used for this project, ‘The AbForce’ can be seen in Fig. 1.  It is used to target the abdominal muscles but also has the secondary effect of working out most of the upper body.  There are various types of Ab-Rollers on the market.  The specific one used for this project has two handles, a base, four wheels and four axles.  The base consists of a Bullet (top portion) and a Gusset Plate (bottom portion).  To use it, a human subject presses both hands against the handles and puts their knees firmly on the floor.  The person then proceeds to extend their body outward having the Ab-Roller move away from their chest.  This motion can be seen in Fig. 2.  The distance the Ab-Roller is from a person’s body depends on their skill level.  
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Figure 2: AbForce                          Figure 3: Ab Force Motion.

Because of the intensity of the loads that are being placed on this machine, the design of each component much account for heavy stresses.  Specific points that are of concern are the connections between the base and the arm and the connection between the gusset and the axles.  Each handle must be attached to the base in such a way that it can resist the moments and stresses created by a person’s arms without breaking.  Also, the axles for this device must be thick enough to resist the shear force created by these loads.  

Solid Model

Wheels

The Ab-Roller uses four wheels for use in rolling forward and backward while a person is exercising.  These four wheels need to support the weight of half a person.  A person’s knees support the other half.   

Procedure for Modeling the Wheels

· Use Rectangle by 2 corners to draw square.

· Modify dimensions of rectangle to width of 7/8” and height of 1”.  

· Use Tan to Three Circle and click on the top three curves of the rectangle to make upper curve.

· Use Divide At command on each location the circle intersects with the line.

· Delete upper line and upper sides of square.  Also delete lower part of circle.  

· Draw axis of revolution using line at ¼” below bottom.

· Obtain resulting sketch in Fig. 3  
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Figure 4: Sketch of Cross Section of Wheel.

· Revolve sketch 360 degrees about axis.  Obtain Solid model in Fig. 4
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Figure 5: Finished wheel.

Axle

The axles are used to join the gusset and the wheels.  When designing the axles, it is important to make sure that the material is strong enough to withstand the bearing and shear stresses applied by the user.  

Procedure for modeling the axles

· Use center to edge to draw a circle

· Modify diameter to ½”

· Extrude to Value 1.5” (side length of gusset).  Finished axle can be seen in Fig. 5.
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Figure 6: Axle.

Bullet

The bullet is the upper part of the base.  Its general shape is of a torpedo. Four cross sections were necessary to make this part.  The cross sections were drawn separately and then moved to their desired locations.  The bullet is attached to the gusset plate, and primarily supports the handles.  The design must be strong enough to withstand the loads applied by the handles.  

Procedure for modeling the axles

· To create front face use Rectangle by 2 corners to make square, Tan to Three circle on the upper and side lines, trim and delete unwanted faces.  

· To create middle use Center Edge Circle, then move cross section 4.5” forward.

· Use Center Edge Circle and move it 7” forward.  

· For back point use Center Edge Circle then move 9” forward. 

· Use loft command and press the first section, then enter.  Repeat until the last section is reached making sure all arrows point in the same direction.  Get Fig. 6.  
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Figure 7: Bullet.
Difficulties

When using the loft command on the bullet, it is important to note that all the arrows must be pointing in the same direction.  If arrows are pointing in different directions, then the loft can create a wrong and convoluted shape.  

Gusset Plate

The gusset plate is the lower part of the base.  It holds the wheels and axles between two flange like protrusions.  Areas of importance in design are the locations in which the shafts are placed.  

Procedure for modeling the Gusset Plate

· Use Center Edge circle to create circle of size 7/8”

· With move command, use copy sw to copy circle 3 times with increment of 3”

· Use Two Points On in between the 4 circles for use in creating arcs.  

· Use polylines at right end to go up 1.5” then sideways for an extended amount.

· Use Ellipse by Center to create back curve.  

· Trim/Extend unwanted area to get Fig. 7. 
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Figure 8: Gusset Sketch.

· Extrude 1.5”.

· Sketch in Place on a side.  Sketch 4 circles with center to edge and Extrude/Cut/Thru All.  This last procedure leads to the Fig. 8
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Figure 9: Completed Gusset.

Base (Bullet & Gusset Plate Joined)

The Bullet and the Gusset together make up the base.  Though both pieces were modeled separately, they are both elements of the same part.  Together they form the base for which all the other parts will be held.  

Procedure for modeling the Gusset Base

· Bring both parts onto screen.

· Move top right front portion tip of gusset to bottom right front tip bullet.  

· Move Bullet down .25”.

· Move Gusset Forward 14/16”.  

· Join both parts together.

· Sketch in Place on front surface and use Polylines and Start End 180 to Extrude/cut/thru all the cross section.

· Sketch in Place on side surface of Gusset and Extrude/Cut/Thru All a intersecting corner at 30 degrees. This obtains Fig. 9. 

[image: image11.jpg]



Figure 10: Completed Base.

Difficulties

When performing the join command, it is important that the user turns off relations before selecting both parts.  If this is not done, the prompt will ask you for a surface and not the parts that need to be joined.  

Handles

The handles of the Ab-Roller are held by the user for supporting their weight.  Design considerations should focus on the location between the handles and the base, and the torque that might be applied by a user when they are rolling forward.  

Procedure for modeling the Handles

· To create middle use Ellipse by Center with 1 ½” major axis and 1” minor axis.

· Use Ellipse by Center with 2” major axis and 1 ½” minor axis, move forward 2.875”.  

· Use Ellipse by Center with 1” major axis and 7/8” minor axis, move forward 5 ¾”.  

· Use loft command and press the first section, then enter.  Repeat until the last section is reached making sure all arrows point in the same direction.  Get Fig. 6.  
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Figure 11: Completed Handle.

Solid Model Assembly

The assembly for this part could have been done in various ways.  One could have used the assembly features given by Ideas.   To assemble the model in this way, the following procedures could have been used.  

· Switch from Master Modeler to Master Assembly

· Click Hierarchy to start Assembly then Add Parent. 

· Click on Assembly and Add to the base. 

· Add to the assembly the base the handle.

· Use a point that has been moved and offset from the centerline to move the handle into its proper location.  

· In manage bins create a copy of the handle then rotate it 180 degrees.  

· Add to the assembly the handle and use a point to move it into the right location. 

· Add to the assembly the wheel and copy it using manage bins 3 times. 

· Use collinear to match the axis to the desired holes in the gusset then orient into right direction.  Repeat for all wheels.  

· Add to the assembly the axle and copy it using manage bins 3 times. 

· Use collinear to match the axis to the desired holes in the gusset then orient into right direction.  Repeat for all axles.  

· Fillet the outside edges .1”. 

· The finished model should look as in Fig. 11.  
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Figure 12: Comparison of finished model to actual model.

Another way that could have been used for this model is to move the parts into their respective locations.  These were done using the same commands as above but were not assembled under an assembly tree. 

Weight and Verification Components

The Material properties in Table 1 were found assigning a material and finding the densities.  The poisons ratio of all the material was assumed to be .3, the Modulus of Elasticity was 4e6psi and the Shear Modulus was 1.53e6psi. 

Table 1: Material Properties.

	
	Volume
	Weight (lb)
	Density (lb/in^3)

	Base
	22.6123
	1.206
	.000137

	Wheel (each)
	3.52856
	.149857
	.00011

	Axle (each)
	.294524
	.04996
	.000439

	Handle (each)
	10.5803
	.399676
	.00009784


The comparison of the total mass properties obtained can be seen in Table 2. 

Table 2: Real Vs. Master Series weights.

	
	Weight (lb)

	
	Real
	MS

	Base
	1.2
	1.206

	Wheel (each) 
	1.5
	.14986

	Axle (each)
	.05
	.04996

	Handle (each)
	.4
	.3997

	Total Weight
	2.8
	2.804


Base

The inertial properties of the bearing are Ix=.02, Iy=.0069, Iz=356.9 and the center of gravity is x= 82.9, Y=60.03, Z=19.05.  
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Handle

The inertial properties of the bearing are Ix=270, Iy=270, Iz=0 and the center of gravity is X= 71.13, Y=64.8, Z=109.67.  
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Wheel

The inertial properties of the bearing are Ix=180.01, Iy=360, Iz=270 and the center of gravity is x= -32.052, Y=14.053, Z=19.05.  
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Bearing

The inertial properties of the bearing are Ix=.0035, Iy=90.00, Iz=90 and the center of gravity is x= 196.5, Y=14.4, Z=19.05.  
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The center of gravity for the Ab-Roller is as follows X=4.1947, Y=-.26, Z= 4.16.  It can be seen in Fig. 12. 
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Figure 13: Center of Gravity.
 Loads/Support
The basic loading on the ab-roller will be both a “subject” load and a gravity load (this will be supported by the base casters of the ab-roller). The subject load corresponds to a 200 lb person with a safety factor of 1.5. This yields a 300 lb load that is to be equally spilt between a person’s hands and knees as the ab-roller is used. Hence a total of 150 lbs is to be applied to the ab-roller, with 75 lbs to each handle. The 150 lb load should be applied vertically downward, and each 75 lbs can be applied to the center point of the handle or as a distributed line load along the beam elements of the handle.

The ab-roller should be restrained at the apex node of each roller where that roller makes contact with the ground. Provide appropriate plots/discussion to illustrate this loading/support (no FE models are needed at this stage). Also discuss any symmetry that is apparent in the solid model.

Solid Model Summary

Each part was built separately in master series and stored in a bin until it was used for assembly.  Each part was assigned its own specific properties and had their own center of gravity.  To find the center of gravity of the entire object, every piece was joined together.  

Though Ideas is a powerful program, it is not the best solid modeling program.  Many other programs such as Pro/Engineer and SolidWorks are specifically designed for Computer Aided Design and are more user friendly than Ideas.  Neither of these programs, however, have reliable FEM analysis; a strong suit of Ideas. 
Mechanical analysis section

FEM Modeling of the Base

To model the base, it was split up into two components.  The torpedo part was modeled using liner tetras and the gusset part was modeled using thin shelled elements.  These parts were split into two different sections by using an extruded line and a partition.  
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Torpedo

The torpedo part was modeled using linear tetras because it is assumed to be a rigid body.  These were created by defining a solid mesh.  Any deformations caused in the torpedo are considered to be small.  It is important to note that this type of element can be highly inaccurate, but is useful when a body is considered to be rigid.  The reason it is used is because it uses less memory than other elements.  The elements themselves are stiff.  A major advantage of 3D elements is that it allows you to observe stresses in three dimensions.  When it is not necessary to observe the stresses in three dimensions, however, it is better to use a simpler element.  

Gusset

The gusset was modeled with thin shelled elements by defining a shell mesh. Since it was required that the elements pass through the center of the bearing, anchor nodes were created at their centers.  The holes in which the bearings pass were suppressed so that the elements could pass through those locations.  The bearings and the gusset plate used the same node on the outside.  The side walls and upper walls of the base created by the partition were chosen to be modeled with thin shells.  This was used because thin shelled elements are very effective at modeling thin walls, with the addition of being able to model the stress with less elements compared to that of a 3-D mesh.  This element however is not able to find stresses that vary throughout a three dimensional structure.  

FEM Modeling of Handles

The handles were modeled using beam elements.  Nine evenly spaced nodes were created along the axis of the beam for use in making elements.  A plane cut on every other point was performed using the YZ axis plane.  Four cross sections were extracted and then stored along the length of the beam.  These were used to generate a mesh that would be used in the FEM.  Beam elements were created at their respective locations using the generated cross sections by Ideas.  
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FEM Modeling of Wheel

To make the modeling of the wheels easier, one was split into one quarter of its size then reflected to its original shape.  This was done using a plane cut command horizontally and vertically about the origin of the wheels.  A solid mesh was defined and a mapped mesh was specified.  The default sides were taken and 4,5, and 8 nodes per side were chosen respectively.  The keep mesh command was used to accept the mesh, then the element was reflected horizontally and vertically to get a full wheel.  A mapped mesh was necessary in modeling the wheel because it made choosing the sides easier.  If the wheel had not been cut, specific faces that were used could not have been able to be chosen.  

To constrain the wheel to the bearing, a spider element was created.  First a node was created in between two nodes on the center of the wheel, and then it was selected as the base node for the spider element.  Each node on the inner perimeter of the wheel was selected in a subsequent manner as part of the constraint.  
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FEM Modeling of Bearings

The first step to creating the bearings was to create a circular beam cross section in the beam sections tasks.  The dimensions had to be an outer diameter of .5” and an inner diameter of 0”.  Inside of a master assembly in which the wheel and gusset were placed, three elements were created between four nodes.  Before this was done, however, a new node was created at the locations of the spider elements on the wheel.  This was done using the node>create>between two pts options.  That newly created node was used along with the anchor node on the gusset plate to create a piece of the bearing.  These two newly created nodes were also used with each other to create a beam section.  The new node and spider element were joined together using springs in the x, y and z directions.  
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Final FEM Assembly

The first part of assembling an FEM model is to append the necessary models to a master model.  This new model can be created using manage>append.  Each individual model can be put into the master model by appending it to the master model when it is needed.  

To attach the handles to the base, they were appended to the master model.  A constraint element or spider element was used at the very end to hold it into position.  First, the very end was selected using wire frame view then in a solid view the outside nodes on the base were selected.  The spider element constrained the handle so that all degrees of freedom were accounted for in the assembly.  Beams only are only restrained in the DOF 1,2 &3.  The spider elements are used to help restrain it in DOF 1,2,3,4,5,6.   

The bearings were attached to the gusset because the ends of each were using the same nodes.  The bearings were assembled to the wheels by using springs.  A node was created at the same location of the spider element, and then attached to the spider element by use of springs.  That newly created node was used to create the bearings.  

Physical and Material Properties

Physical and material properties were found by observing the volume of each part using the solid properties option.  Knowing the mass, a density was found and material properties were created.  All materials were assumed to have an Elastic Modulus of 4e6, poison’s ratio of .3 and a shear modulus of 1.56e6.  The densities for the Fem models were as follows.  Specific physical properties for each part can be seen in the Figures below.  Another important physical property to observe is that of thin-shelled elements.  They must have a thickness of .25” to model the gusset part.  

Mass Properties

	Part
	Density lb/in^3
	Weight Lb

	Base
	.0485
	1.200

	Handles
	.0399
	.8001

	Wheels
	.094
	.5948

	Bearings
	.1698
	.1999


The above are comparable to their real weights of 1.2 for the base, .8 for the handles, .6 for the wheels and .2 lbs for the bearings.   Many of these differences can be attributed to converting a smooth surface into a surface that is split into elements.  

Base
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Handles
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Wheels
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Bearings
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Loads and Restraints

The design of the structure was made for that of a 300 lb person.  Since half the weight is applied on the knees, 150 lbs will be applied onto the Ab-Roller.  These 150 lbs will be distributed among each handle downward in the Y direction.  To model this, 75lbs is placed at the center of each handle.  The gravity vector is set to be –1 in the Y direction.  

To constrain the Ab-Roller fully, a clamp is placed on the apex node of each wheel.  The apex is the very bottom node.  To avoid mechanisms in the object, a node on the top is selected and restrained in DOF 1 and 3.  This stops the Ab-Roller from moving forward or tipping towards the sides.  A restraint in the X direction allows the deflections to be symmetric about the center.   This means that the deformed display should be the same for both sides of the Ab-Roller after it is processed.  

Results Deflected Shape

The deformed display for the Ab-Roller is shown below.  The max displacement in this model was given by the end of the beams to be 1.175E-2in.  As can be seen the deflections in the X and Z directions are very small.  These should be considered negligible with respect to the deflection in y direction and are small because of the constraints applied in the X and Z directions.  
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Results Stresses

As was said above, the location to consider with high stress would be the location between the handles and the torpedo and the location between the gusset and the bearings.  As can be seen in the stress display below, these locations exhibit the most stresses.  It is important to note however that since linear tetras were used, these stresses are higher than what is displayed in the image.  The maximum stress is noted to be 1.52e3lbs and is located near the connection between the arms and the torpedo.  
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Results Restraint Forces

The restraint forces are placed on the center of each arm.  Each has a magnitude of 75lbs.  These cause reaction forces at each wheel.  The places where there will be more forces will be near the center wheels because that is where the loads are concentrated.  Below is a report of the forces at the nodes.  
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Below is a free body diagram of the structure.  Most of the reaction forces will be concentrated at the two center wheels, therefore it will be modeled as such because four wheels lead to a statically indeterminate structure.  
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The above calculation was taken assuming that the load is placed exactly in the center.  This is consistent with the symmetric results. 

Errors and Warnings List

One warning message was given when finding the model solution to the project.  This was a warning that dealt with the linear tetra elements.  These elements give inaccurate results due to the fact that they are too stiff.  This means that they will give deflections and stresses that are significantly less than what the real structure would give.  The warning message that was displayed by ideas can be seen below.  
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Conclusion/ Recommendations

The base was modeled using solid and shell elements.  The wheels were modeled using a defined mesh that was mapped.  The bearings and handles were created using beam elements.  These individual FEMs were brought together using the append command and constrained using spider nodes.

Certain assumptions were taken when using these models.  For instance, the fillets on the base were neglected because they were small.  When creating the base, the assumption that the base was rigid was taken into account.  Because of this, linear tetra elements were used.  Though these elements are highly in error, they are useful in objects that are considered rigid because they require less memory.  

To analyze the model the apex nodes of the wheels were clamed and the X and Z displacements were fixed on a top node to avoid mechanisms.   Loads of 75lbs were placed at the center of each handle.  

Though the gusset was modeled with shell elements, it might have been better to model it with solid elements.  This would solve the problem that comes from partitioning the torpedo and the gusset.  Doing this results in locations that form a void and need to be corrected manually.  

As a recommendation, it is probably a better idea to model an object in a different modeling program and import that file into Ideas.  Other modeling programs such as Pro-Engineer and SolidWorks provide better functionality and easier assembly features than Ideas.  
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Group 1D : Hone
Result Set 1- B.C. 1,DISPLACEMENT 1,LOAD SET 1
Report Type Deformed Geometry Units ;N
Result Type : DISPLACEMENT
Trans-X  Trans-¥  Trans-Z ROt-RX Rot-RY Rot-RZ
30001 EE 10518 30001 30001 11073

Maximm  7.016E-04 2.875E-04 2.952E-04 1.832E-03 1.186E-04 2.789E-04

50 30006 10550 30006 11070 11071
Minimm -5.906E-04 -1.175E-02 -2.063E-04 -2.056E-03 -8.202E-05 —6.542E-04

Average  3.511E-05 -1.135E-04 -4.413E-06 -2.696E-07 -1.220E-06 1.273E-07
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Volume : 1.178D+00

Hass : 1.999p-01

Center of gravity : 3.238D+00 5.530D-01
Homents of Inmertia about c.g.

Ixx Iyy Izz : 4.061D-02  2.290D+00
Ixy Iyz Izx : 1.959D-08  0.000D+00
Homents of Inertia about origin
Ixx Iyy Izz : 2.142D-01 4.498D+00
Ixy Iyz Izx : 3.580D-01 8.292D-02

Principal axes
1.000 0.000 0.000
0.000 0.000 1.000
0.000 -1.000 0.000
Principal Moments of Inertia
111 122 133 : 4.061D-02  2.255D+00
12 elements stored as processed group
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Volume 2.474D+01
HMass 1.200D+00
Center of gravity : 3.292D+00 2.301D+00  7.507D-01
Homents of Inertia about c.g.
Ixx Iyy Izz : B8.588D-01 6.466D+00  6.G55D+00
Ixy Iyz Izx : 1.043D-03 -5.839D-05 1.433D-03
Homents of Inertia about origin
Ixx Iyy Izz : 7.889D+00 2.015D+01  2.602D+01
Ixy Tyz Izx : 9.092D+00  2.073D+00  2.967D+00

Principal axes

1: 1.000 0.000 0.000
2 : 0.000 -1.000 0.000
3 : 0.000 0.000 -1.000

Principal Moments of Inertia
111 122 133 : B8.588D-01 6.466D+00  6.G55D+00

3992 elements stored as processed group
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