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[bookmark: _Toc311102786]INTRODUCTION
	In the world of manufacturing, the use of fiber composite polymers has become a cutting edge practice. The creation of the Resin Infusion between Double Flexible Tooling (RIDFT) comes as a great improvement to this area. There are factors however, that prevent this new process from its probable potential for market dominance that have been categorized in the previous Define Phase.  
	In review of the previous phase, the technical factors to be measured were displayed in our house of quality. Here, the relationships between customer needs and engineering capabilities were computed. It displayed how customer requirements could be met and also what is needed to be measured for the purpose of doing this.  
	Now that the problems with the RIDFT have been appropriately defined, the measurements of these factors are integral to the determination of the solution. With the quantification of such issues, potential sources of error can be identified; the team can perform the proper analysis and ultimately arrive at an accurate solution.
	          



[bookmark: _Toc311102787]
ABSTRACT

The RIDFT machine decouples the infusion stage from the formed geometry, yielding a simpler ‘flat’ resin flow. Upon observation and operation of the RIDFT, it became obvious that there were setbacks involved with this process. 
Because of the motions needed for operation of the RIDFT. It is labor intensive and time consuming. Specifically, the portion of the process where the two frames housing the silicon membranes are mounted and dismounted as well as replaced. 
In defining the problems associated with the RIDFT, factors for improvement were identified and must now be measured. Measurements must be taken for proper analysis of lift systems coupled with an ergonomic handling system and proper placement of fibers.     

[bookmark: _Toc311102788]MEASURE
As said earlier, it is imperative that the team identifies the key aspects needed for measurements. It then becomes essential that data is classified. This is important because we could better choose the way in which data can be displayed. All information must be suitably gathered for proper analysis.  In this case, the data needed for collection is identified as continuous data i.e. time, weight and dimensions.  Using this type of data, it will aid in definition of the process, which is the automation of the RIDFT.  For example, it is known that the sheets are manually lifted. Using this type of data we can actually account for a vertical lift to a certain height, x.  
[bookmark: _Toc311102789]The RIDFT PROCESS
During the RIDFT process, the operator lifts the sheets to accurately place the fiber and then ensures that the pipes are at the edges of the carbon fiber.  The time it takes for the entire RIDFT process of making a part using manual lifting of the sheets must be documented for comparison to the automated placement system. The following table represents the management plan used 
[bookmark: _Toc311102790]MEASUREMENT PLAN 
	When assessing the RIDFT factors, definitions of what was needed to be measured were magnified. In other words, factors needed to be further defined. For example, one of the technical requirements was cycle time. This is a poor definition in this phase. The requirements needed to be measured should be further defined. 
 In an operational sense, cycle time could be further broken down into cycle time for cleaning the RIDFT i.e. time it takes to manually remove top and bottom frame for cleaning.  Four categories were established in which to collect data and implemented measurement plans. In doing this, the team was guided in what needed to be measured; key attributes of said measurements, scope of measurements, and ensured every person had the equivalent definitions of what was being measured. 
[bookmark: _Toc311102733]Table 1 Measurement Plan for RIDFT Process Time
	Measure 
	Definition 
	Data Source and Location 
	Sample Size 
	Who Will Collect Data 
	When Will Data Be Collected 
	How Will Data Be Collected 
	Other Data Collected 

	RIDFT Process 
	Frame Lifting Time, Fiber & Mold Placement Time 
	HPMI Research Facility 
	5 
	Joseph, Chelsea & Divyesh 
	12/5/11-1/10/11 
	Manual Recording 
	Total RIDFT Process 



The data for this aspect will be collected upon the receipt of the resin.  This however is not a critical need at this time for the lifting mechanism and could be collected at another time. 

[bookmark: _Toc311102791]EXECUTION of MEASUREMENT
In addition to the implementation of measurement plans, while collecting data, the display of adequate data had to be considered, what was to be done after data was collected and the division or stratification of data.  
[bookmark: _Toc311102792]CYCLE TIME 
Currently, the removal of the top and bottom frames is done manually which is a hindrance to producing a part in a timely manner. By evaluation of the cycle time and its components, the aspects of the process that take the most time and how it will be improved after the implementation of a lifting system will be accounted for.  The results from this future data comparison should show an increase in overall productivity of parts.  This was accounted for through the use of time study techniques.  Our technique was simple we took a stop watch and measured the time it took for all the manual lifting. There are processes that were identified and measured for time: Cleaning the RIDFT and the actual RIDFT process. 
[bookmark: _Toc311102793]CLEANING the RIDFT 
	The sheets are cleaned before each machine use. The operator must manually remove the top and bottom frames one by one and lay them flat on the ground. This is time consuming and can be improved upon with an automatic lifting of the sheets. The following table and figure represent the measurement plan used and data collected for analysis.  The time study is also attached in Appendix H. 
[bookmark: _Toc311102734]Table 2 Measurement Plan for Time of RIDFT Cleaning
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[bookmark: _Toc311102742]Figure 1 Time Study For Cleaning of the RIDFT

The circled values indicate extreme values that should be disregarded. We classify them as errors in measurement.  
[bookmark: _Toc311102794]SAFETY
	In the operation of any machine the safety of the operator must be considered. The manual operation of the RIDFT machine is unsafe for the operator which could become a liability for the customer.   Before this is improved, safety issues must be quantified presently associated with the RIDFT. This must be done using a variety of ergonomic tools as shown below. 
[bookmark: _Toc311102795]RULA 
	Rapid upper limb assessment is an ergonomic tool used to quantify the safety of motion when an operator is completing a task.  This was done to evaluate the safety of the operator in the tasks preformed when he/she operates the RIDFT.   The scores reflected that the lifting of the sheets where a motion that requires immediate attention as the operator is subjected to a variety of physical stressors such as soft tissue compression.  They are all attached in Appendix I through K. 
  
[bookmark: _Toc311102796]MUSCULAR SKELETAL DATA
	This data was collected and the forces were calculated for design of ergonomic handling system for the RIDFT. It is important for the team to know what forces are exerted on the operator before and after system is implemented for the analysis of safety and implementation of safety practices. 
[bookmark: _Toc311102797]ELBOW AND FOREARM ANALYSIS
	Height of Operator
	Weight of Operator
	Weight of Load
	Weight of Supported Load
	

	68”
	150lb
	50lb
	25lb
	90°


Force on bicep when operator completely lifts frame and silicone sheet from RIDFT.
[image: ]
[bookmark: _Toc311102743]Figure 2 Free Body of elbow and forearm

WL=50lb
· ∑Fy = 0
· Ry + FB -.02W - FD = 0
· Ry = 633.7 lb
· ∑MA = 0
· FB(BC) -.02W(BD) - FD(BE)
· FBicep = 686.7 lb
Force on bicep when operator lifts silicone sheet not entirely off RIDFT. Sheets load decreases on operators arm when only slightly lifted (WL=25lb).
· ∑Fy = 0
· Ry + FB -.02W - FD = 0
· Ry = 325.3 lb
· ∑MA = 0
· FB(BC) -.02W(BD) - FD(BE)
· FBicep = 353.3 lb

Explanation of calculations:
The operators biceps undertakes high stress levels when performing this task.
Force on bicep when operator lifts silicone sheet not entirely off RIDFT. Sheets load decreases on operators arm when only slightly lifted (WL=25lb).

[bookmark: _Toc311102798]BENDING, LIFTING, AND CARRYING 
Bending motion of operator lifting sheet off ground.
	Height of Operator
	Operator Weight
	Load Weight
	
	

	68”
	150lb
	50lb
	57°
	13°



[image: ]
[bookmark: _Toc311102744]Figure 3 Free Body Diagram, Bending lifting, carrying

· ∑Fx = 0
· Rx - Fex = 0; Rx - Fecos(-) = 0 
· Rx = 626.4lb
· ∑Fy = 0
· Ry - .36W – (.18W+WL) – Fey = 0 
· Ry - .36W – (.18W+WL) - Fesin (-) = 0 
· Ry = -735.3 lb (Downward action)
· ∑MA = 0
· -.36W(AB)cos() – (.18W+WL)(AD)cos()- Fey(AC)cos()+
	 Fex(AC)sin()
· Fe = (289.1/10.191) = 870.1lb ( Extensor Muscle Force) 
Explanation of Results:
The operators back undertakes extremely high forces when performing this task.

[image: ][image: ]
[bookmark: _Toc311102745]Figure 4 Diagram of Bending, lifting, carrying


[bookmark: _Toc311102799]BENDING, LIFTING, AND CARRYING 
Erect position of operator carrying sheet to place back onto RIDFT.
	Height of Operator
	Operator Weight
	Load Weight
	

	68”
	150lb
	50lb
	85°





· ∑Fx = 0
· Rx - Fex = 0; Rx - Fecos() = 0 
· Rx = 1.87 lb
· ∑Fy = 0
· Ry - .36W – (.18W+WL) – Fey = 0 
· Ry - .36W – (.18W+WL) - Fesin () = 0 
· Ry = -152.4
· ∑MA = 0
· -.36W(AB)cos() – (.18W+WL)(AD)cos()- Fey(AC)cos()+
	 Fex(AC)sin()
· Fe = (289.1/10.191) = 21.6 lb

Explanation of Results:
The operators back does not go through extreme strain while carrying sheet with back erect.



[bookmark: _Toc311102800]LINKAGE SYSTEM MEASUREMENT

The measurements taken for the linkage system are listed below with the accompanied measurement plan.  It is important to note that in order to measure for lifting the frame, the method of lifting had to be decided in this phase. The original selection was a four bar linkage system. In taking the measurements of the RIDFT however, the original four bar linkage design had to be adjusted thus illustrating the importance of this phase.
[bookmark: _Toc311102801]MATERIAL SELECTION
This phase did require analysis for material selection and new linkage design. The bill of materials had to be completed at this stage in for a timely delivery of a full functioning model. Listed below is a table of measurements used to simulate the linkage system. It will also be used for identification of critical components needed for material analysis.






[bookmark: _Toc311102735]Table 3 Dimensions to be used for Analysis of Material
	Part Type
	
	Dimension (in)

	
	
	

	Top Frame
	
	

	Width
	
	60

	Length
	
	72

	Thickness
	
	0.813

	Perimeter border
	
	4

	
	
	

	Lower Frame
	
	

	Width
	
	60

	Length
	
	72

	Thickness
	
	0.249

	Perimeter border
	
	2.75

	
	
	

	Silicon Sheet 
	
	

	Width
	
	65.5

	Length
	
	75.4

	Thickness 
	
	0.055













 Data collected was also used to better visualize and compile visual representation for the lifting mechanism for testing and analysis purposes.  



[bookmark: _Toc311102802]MATERIAL ANALYSIS - CRITICAL COMPONENTS
	Fortunately, not every piece in the RIDFT system, shown in figure 5, requires material analysis. This review is strictly reserved for the critical components, or components for which without proper analysis may cause the system to fail. With this in mind the only feasible critical components are the drive shafts and the ground links (link 2). This can be seen in figure 5 below. 
[image: Picture8]
[bookmark: _Toc311102746]Figure 5 Displays the critical components, drive shafts and ground links (link 2), in need of material analysis on the Resin Infusion between Double Flexible Tooling (RIDFT) machine.

These components were chosen as they support most if not all the load of the system at some point during operation. Accordingly, each component, the ground link and drive shaft, are loaded in different manners. The ground link when in the fully extended back position supports the weight of the hydraulic cylinder as well as the frame, silicon sheet and link 1, and thus can be modeled as a cantilever beam supporting an end load at its highest stress point. On the other hand the drive shaft is loaded in torsion, and must be able to rotate two sets of all the aforementioned components. Figure 6 and 7 below provide a more detailed view of these critical components.
[image: ]
[bookmark: _Toc311102747]Figure 6 Depicts a better image of the linkage system, outlining most importantly link 2, and some supporting components such as the hydraulic cylinder and link 1.
[image: ]
[bookmark: _Toc311102748]Figure 7 Shows a detailed view of the other integral component in need of material analysis, the drive shaft, and the gear that is to be attached in order to allow the linkage to move.

In order to properly define the criteria that will be used in formulating the proper equations for the material analysis, an FCOFV must be stated. An FCOFV outlines the function, constraints, objectives, and free variables of the system, and is used to define the parameters of the material analysis. 
[bookmark: _Toc311102803]FUNCTION
	Essentially, the function of the ground link, as seen in figure 8, is to support the weight of the hydraulic cylinder, frame, silicon sheet and link 1, and create a smooth transition between the vertical displacement caused by the hydraulic cylinder and the horizontal rotational movement enacted by the motors. For the purposes of our system we can assume that the motor will turn at a very low rpm thus eliminating any additional kinetic force application onto the ground link. Therefore, the ground link in its fully extended position acts as a cantilever beam with an end load. This is clearly depicted in figure 8.

[bookmark: _Toc311102749]Figure 8 Model of the ground link, link 2, (left) and its cross-section (right).

The drive shaft unlike the ground link, functions under torsion, and it is tasked with enabling the rotation of the entire linkage system. Ideally, it is always better to over design than under design, so it was assumed that the torque application occurs at the full length of the shaft, providing considerable leeway in case of any alterations. This is clearly depicted in figure 9.  


[bookmark: _Toc311102750]Figure 9 Model of the drive shaft (left) and its cross-section (right).
[bookmark: _Toc311102804]CONSTRAINTS
	In order to conduct a successful material analysis for each component, some design constraints must be specified.  Beginning with the ground link, it must be able to support an end load, F, of 317.71 N without failing and without deflecting more than 0.001 m, δ, in order to prevent creep and warping. Moreover, the length of the ground link, L, is to be maintained at 1.2 m. The cross-section for this link should also maintain a height and base of 0.08 m and be a hollow square shape. 
	The drive shaft must be able to support a torque, T, of 317.71 N without failing and without deflecting more than 0.017 radians, θ, in order to prevent torsion induced creep or deformity. Moreover, the length of the drive shaft, L, is to be maintained at 2.73 m. The cross-section for this link should be a solid circular shape. 
[bookmark: _Toc311102805]OBJECTIVE
	The objective of both designs are, to minimize the mass used to manufacture each component respectively, assuming the weight of each of these components themselves to be negligible when calculating the applied forces/torques. 
[bookmark: _Toc311102806]FREE VARIABLES
	The material design analysis for both the critical components consist of two free variables, choice of material and a thickness, t, in the case of link 2 or diameter, d, in the case of the drive shaft. The choice of material for each component will be solved for by deriving a set of material indices based on the provided constraints and objectives. The thickness and diameter, on the other hand, will be calculated by manipulating the equations for deflection (δ, θ) and force/torque of failure (Ff, Tf) and solving for their respective free variables, as shown in appendix B. 



[bookmark: _Toc311102736]Table 4 Provides a FCOFV summary of the previously discussed functions, constraints, objective and free

	Function (F)
	 
	Link

	 
	
	 

	Constraints (C)
	
	Must support an end load, F, of 317.71 N without:

	 
	
	      i.      Deflecting more than δ = 0.001 m

	 
	
	      ii.     Failing

	 
	
	Length (L) = 3.81 ft or ≈ 1.2 m
height (h) = 3 in or ≈ 0.08 m

	 
	
	base (b) = 3 in or ≈ 0.08 m

	 
	
	Deflection (δ) = 0.001 m

	 
	
	Force (F) = 317.71 N

	 
	
	Shape = Hollow Square

	
	
	

	Objective (O)
	
	Minimize mass, m

	 
	
	 

	Free Variables (FV)
	
	Thickness, t

	 
	 
	Choice of material







[bookmark: _Toc311102737]Table 5 Provides a FCOFV summary of the previously discussed functions, constraints, objective and free variables for the drive shaft.

	Function (F)
	 
	Drive Shaft

	 
	
	 

	Constraints (C)
	
	Must support a torque, T, of 468.5 Nm without:

	 
	
	      i.      Deflecting more than θ = 0.017 rad

	 
	
	      ii.     Failing

	 
	
	Length (L) = 8.96 ft or ≈ 2.73 m
Deflection (θ) = 0.017 rad 

	 
	
	Torque (T) = 468.5 Nm

	 
	
	Shape = Solid Circle

	
	
	

	Objective (O)
	
	Minimize mass, m

	 
	
	 

	Free Variables (FV)
	
	Thickness, t

	 
	 
	Choice of material



[bookmark: _Toc311102807]MATERIAL INDEX DERIVATIONS
	In order to proceed in the material selection process and utilize the property charts, one must derive the material indices. Since the designs ask for light, stiff and strong components, two material indices must be derived for each, respectively. In either case one must start with the equation for the mass of a sample of material, which is based on its volume and density. This is depicted in equation 1. 

		(Eq. 1)
Starting with the light and stiff aspect of the design for the ground link, one should use the equation for deflection (δ) 

		(Eq. 2)
to solve for the free variable of thickness, which will be substituted back into equation 1. The end result can be seen in equation 3. In the case of deflection, it is desired that the material deflect less than or equal to what it is designed for, which is 0.001 m, as this yields better durability. Additionally, the objective is to achieve the lightest mass possible, thus the material selected must have at least as much mass as what was designed for. The left sides of the equations portray the value for what is being designed, and the right sides deal with the value for the material selected. The first material index M1 can be extracted from equation 3, its result is shown in equation 4. A detailed step by step process of how this was achieved is shown in appendix B.

		(Eq. 3)

	(Eq. 4)
	For the light, strong portion of the design, one should use the equation for failure force, Ff, 

		(Eq. 5)
to solve for the free variable of thickness, which will be substituted back into equation 1. The end result can be seen in equation 6. For the failure force, Ff, it is desired that the material be capable of supporting a greater failure force than the design, which is 317.71 N. Similarly, the material selected for the mass must have at least as much mass as what was designed for. 

		(Eq. 6)
Therefore, the second material index, M2, can be obtained from equation 6 above and is shown in equation 7. Appendix B, shows the algebraic process of how this was achieved.

	(Eq. 7)
	Very similar to the ground link equations we must use a deflection, θ, equation for the light and stiff portion of the drive shafts’ design and a torque failure, Tf, equation for the light and strong portion of the design. As stated above, the light and stiff aspect of the design for the drive shaft, should utilize the deflection, θ, equation  

		(Eq. 8)
to solve for the free variable, diameter, which will be substituted back into equation 1. The end result can be seen in equation 9. For deflection, it is usually desired that the material deflect or in this case twist less than or equal to what it is designed for, which is 0.017 radians, as this provides better performance. As previously stated, the objective is to achieve the lightest mass possible, thus the material selected must have at least as much mass as what was designed for. The third material index M3 can be extracted from equation 9, its result is shown in equation 10. A detailed step by step process of how this was achieved is shown in appendix B.

		(Eq. 9)

	(Eq. 10)
	For the light, strong portion of the design, one should use the equation for torsional failure, Tf, 

		(Eq. 11)
to solve for the free variable, diameter, which will be substituted back into equation 1. The end result can be seen in equation 12. For the torsional failure, Tf, it is desired that the material be capable of supporting a greater torque than the design, which is 468.5 Nm. Similarly, the material selected for the mass must have at least as much mass as what was designed for. 

		(Eq. 12)
Therefore, the forth material index, M4, can be obtained from equation 12 above and is shown in equation 13. Appendix B, shows the algebraic process of how this was achieved.

	(Eq. 13)
[bookmark: _Toc311102808]MATERIAL SELECTION
	For the purposes of this design the family of ceramics can be eliminated from the search, as the design calls for a ductile material and all ceramics are brittle. In addition, all foams can be eliminated, as this family of materials has small yield stresses and is too “flumpsy” to perform the duties required of the ground link and drive shaft. Moreover, the material property chart that would have correlated the two material indices is not available, so a coupling constant will not be used. Instead, one could use the Strength - Density and Modulus - Density plots to find the three best materials in each, respectively, using the four material indices derived above. Once the best three materials have been found in each plot then they can be compared to each other to see if they both are viable choices within each of the two plots. 
	In order to use the material property charts, a line will be traced over the corresponding slope of the desired material index/guideline as shown in figures 10 through 13. This line will then be moved upward maintaining its slope to the desired position. The materials selected using this line should lie above and to the left of it as this is where the materials with best indices are found. This is outlined in 10 through 10 by a large blue arrow. 
[image: Picture1]
[bookmark: _Toc311102751]Figure 10 Plots the density of each material against the elastic modulus E.  Uses the material index, 
M1 = E/ρ, to locate the best materials for a minimum weight, deflection-limited, design. For our application the best materials are magnesium alloys, titanium alloys and aluminum alloys. (Ashby, 2011)

[image: Picture2]
[bookmark: _Toc311102752]Figure 11 Plots the density of each material against the failure strength σF. Uses the material index,
M2 = σF /ρ, to locate the best materials for a minimum weight, yield-limited, design. For our application the best materials are magnesium alloys, titanium alloys and aluminum alloys. (Ashby 2011)


[image: Picture6]
[bookmark: _Toc311102753]Figure 12 Plots the density of each material against the elastic modulus E.  Uses the material index, 
M3 = E1/2/ρ, to locate the best materials for a minimum weight, deflection-limited, design. For our application the best materials are magnesium alloys, CFRP and aluminum alloys. (Ashby, 2011)

[image: Picture5]
[bookmark: _Toc311102754]Figure 13 Plots the density of each material against the failure strength σF. Uses the material index, 
M4 = σF2/3/ρ, to locate the best materials for a minimum weight, yield-limited, design. For our application the best materials are magnesium alloys, CFRP and aluminum alloys. (Ashby 2011)


Ignoring the families of ceramics and foams, it can be seen in figures 10 and 11 that the top three materials for the ground link include aluminum alloys, titanium alloys and magnesium alloys. Figures 11 and 10 illustrate the top three best materials for the drive shaft which are: aluminum alloys, CFRP and magnesium alloys. With the top three materials selected for each respective component, the mass and thickness for the ground link and the drive shaft can be calculated as shown in table 6 and 7. The algebraic processes regarding how the masses and thicknesses were attained are shown in appendix B.
[bookmark: _Toc311102738]Table 6 Provides the selected materials’ properties, and the resulting masses as well as thickness for the
yield strength and young’s modulus of the ground link, link 2.
	Materials
	Density
	Young's Modulus
	Yeild Strength
	m1

	m2

	t1

	t2


	 
	(kg/m3)
	(Pa)
	(Pa)
	(kg)
	(kg)
	(m)
	(m)

	Titanium Alloys
	4,600
	105x109
	747.5x106
	9.02
	0.1
	0.0051
	0.0001

	Magnesium Alloys
	1,845
	44.5x109
	235x106
	8.54
	0.13
	0.012
	0.00019

	Aluminum Alloys
	2,700
	75x109
	265x106
	7.41
	0.71
	0.007
	0.00017



[bookmark: _Toc311102739]Table 7 Provides the selected materials’ properties, and the resulting masses as well as the diameter for the
yield strength and young’s modulus of the drive shaft.


	Material
	Density
	Yield Strength
	Young's Modulus
	m4

	m3

	d4

	d3


	 
	(kg/m3)
	(Pa)
	(Pa)
	(kg)
	(kg)
	(m)
	(m)

	Mg Alloys
	1,845
	235x106
	44.5x109
	2.94
	18.96
	0.027
	0.082

	CFRP
	1,550
	800x106
	109.5x109
	1.09
	10.15
	0.018
	0.066

	Al Alloys
	2,700
	265x106
	75x109
	3.98
	21.37
	0.026
	0.072



In analyzing table 6 and 7, it can easily be seen that the light, strong portions of the equations, m2 and m4, yield “garbage” data so for the purposes of our design these values and its corresponding t2 and d4 values can be scrapped.  Moreover, it can be interpreted from table 6, m1 values, that aluminum alloys are the best material for the ground link design with magnesium alloys coming in second and aluminum alloys coming in last. In addition, table 7 has shown that the best material for the drive shaft is CFRP followed by magnesium alloys and then aluminum alloys as depicted by the m3 values. Furthermore, although CFRP and magnesium alloys have proven to be lighter for the drive shaft they will not be the chosen. This will further be discussed in the cost analysis.   

[bookmark: _Toc311102809]BILL OF MATERIALS 	
	The customer required a bill of materials to be ordered in this phase so that a model may be built and tested.  Therefore a material analysis had to be conducted and a bill a materials was formulated. It can be found in Appendix L.  By constructing a model can be mad in a timely manner and tested and parts may be reordered if necessary. 

[bookmark: _Toc311102810]COST OVERVIEW
	A supplementary portion to selecting a material is the associated material cost. It should be noted that this is not a design objective, but it is being included so that one can gain a better understanding of why certain materials are chosen over others. At the end it all comes down to money, as demonstrated by tables 8 and 9. This is why both of the critical components will be made out of aluminum alloys as it is the cheapest material, with a price range difference of $34.68 to $69.14 between magnesium, $392.11 price difference between CFRP, and a $624.05 price difference between titanium.  
[bookmark: _Toc311102740]Table 8 Cost of material analysis chart compares prices for Mg alloys, Ti alloys and Al alloys for the 	        	   resulting masses of both the young’s modulus constraint for the ground link, link 2.

	Material
	m1
	Cm
	C1

	 
	(kg)
	($/kg)
	($)

	Titanium Alloys
	9.02
	70.5
	635.91

	Magnesium Alloys
	8.54
	5.45
	46.54

	Aluminum Alloys
	7.41
	1.6
	11.86



[bookmark: _Toc311102741]Table 9 Cost of material analysis chart compares prices for Mg alloys, CFRP and Al alloys for the resulting		   masses of the young’s modulus constraint for the drive shaft.

	Material
	m3
	Cm
	C3

	 
	(kg)
	($/kg)
	($)

	Magnesium Alloys
	18.96
	5.45
	103.33

	CFRP
	10.15
	42
	426.30

	Aluminum Alloys
	21.37
	1.6
	34.19



These values were calculated using the cost equation, equation 14.

		(Eq. 14)

[bookmark: _Toc311102811]
GEAR SELECTION
To transmit power from the motor to the driveshaft a gear system will be utilized. The gears selected for this design will have a diametrical pitch of five teeth per inch. This value was selected because of its versatility, as gears of various materials and diameters are readily available in this dimension. In an attempt to reduce the amount of torque required the system was geared down. The resulting radius of the driving gear was four inches while the radius of the final gear was five inches, which creates a 1.25:1 gear ratio. Appendix D contains the mathematical process used to determine this. This ratio, in turn, reduces the amount of torque required from the engine by twenty percent, which will increase the life of the motor and subsequently relieve a significant amount of strain on the motor. 
[bookmark: _Toc311102812]FIBER PLACEMENT METHODOLOGY
The current RIDFT process does not contain a proper method for accurate fiber placement. In order to circumvent this problem we have devised a location system. Our design features a grid outfitted to the dimensions of the RIDFT’s chamber bottom floor as seen in figure 14. This grid contains minor lines within every inch, and major lines every fifth inch, enabling simple and practical measurement. As previously stated, the location method will assure accuracy as the grid will use the bottom of the chamber as a point of reference. Moreover, as the operator places the desired mold in the chamber they must take note of the mold location. Once the mold is in place and the first plate is moved into position the fiber can be placed in an approximate location. Once the fibers are in place a plexiglass sheet with a similar grid will be placed on top. The plexiglass grid will be centered so that each square will correspond to an identical point on the bottom of the chamber. The user may then line up the fibers to the corresponding units of the mold. Therefore, allowing repeatability as long as the proper technique is utilized.

[bookmark: _Toc311102755]Figure 14 Depicts the proposed fiber and mold placement grid that will be implemented to the bottom of
the RIDFT chamber as well as to a frame sized piece of plexiglass.

[bookmark: _Toc311102813]CONCLUSION
	During this phase, data was collected. This collection of data is critical in the analysis of material, of the lifting mechanism and ultimate problem solution. The material will now be analyzed for a solution in the Analysis Phase.   










 




[bookmark: _Toc311102814]REFERENCES
Ashby, M. F. Materials Selection in Mechanical Design. 4th ed. Amsterdam: Butterworth-Heinemann, 2011. Print.
Wolfson, Richard. Essential University Physics. Vol. 1. San Francisco: Pearson Addison-Wesley, 2007. Print.

http://www.sixsigmaonline.org/six-sigma-training-certification-information/articles/importance-of-measurement-systems-analysis-to-six-sigma.html







[bookmark: _Toc311102815]APPENDIX

Appendix A (Force Derivation)
Mass Calculations:
Given:



				



				


					


		


				



			



Calculation:

		(Eq. 15)





			(Eq. 16)


	

		(Eq. 17)



		(Eq. 18)	


Force Calculations:
Given:
			


		
Calculation:

		(Eq. 19)




Torque Calculations:
Given:

	
Calculation:

			(Eq. 20)



Appendix B (Material Index Derivation)
Ground Link - Light, Stiff Calculations:
Given:





						




	 			



			 


Calculations:

		(Eq. 2)



		(Eq. 21)

		(Eq. 1)

		(Eq. 22)

		(Eq. 3)



		(Eq. 4)
Unit Analysis:










Sample Mass Calculation:










Ground Link - Light, Strong Calculations:
Given:





						




	 		

			 


Calculations:

			(Eq. 5)



			(Eq. 23)
		(Eq. 1)

		(Eq. 24)

		(Eq. 6)




			(Eq. 7)
Unit Analysis:










Sample Mass Calculation:










Drive Shaft - Light, Stiff Calculations:
Given:




							


		 		

			 


		
Calculations:
		(Eq. 8)



		(Eq. 25)

		(Eq. 26)
		(Eq. 1)

		(Eq. 27)

		(Eq. 9)




		(Eq. 10)
Unit Analysis:












Sample Mass Calculation:










Drive Shaft - Light, Strong Calculations:
Given:
							
	 		

			 

Calculations:
			(Eq. 11)



			(Eq. 28)		

 		(Eq. 29)
		(Eq. 1)

		(Eq. 30)

		(Eq. 12)




			(Eq. 13)
Unit Analysis:










Sample Mass Calculation:











Appendix C (Cost Calculations)
Ground Link - Light, Stiff Cost Calculations:
Given:



				



			
Calculation:

		(Eq. 14)
Unit Analysis:




Sample Calculation:










Drive Shaft - Light, Stiff Cost Calculations:
Given:



				

				
Calculation:

		(Eq. 14)
Unit Analysis:




Sample Calculation:











Appendix D (Miscellaneous Calculations)
Horsepower Calculation:
Given:

		
Calculation:

		(Eq. 31)




Gear Calculations:
Given:



			

	
Calculation:

			(Eq. 32)

			(Eq. 33)
Torque After Gearing Calculations:
Given:
		
Calculation:



		(Eq. 34)

		(Eq. 35)
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Lifting Lay Down Risk Factor (Appendix F)
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Lifting Risk Factor (Appendix G)
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Time Study  (Appendix H)
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Lift Place Up RULA (Appendix I)
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Lift Lay Down RULA (Appendix J)
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Lifting RULA (Appendix K)
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RULA Employee Assessment Worksheet

Complete this worksheet following the step-by-step procedure below. Keep a copy in the employee’s personnel folder for future reference.

A. Arm & Wrist Analysis

B. Neck, Trunk & Leg Analysis
moommm Step 9: Locate Neck Pos

O 160200 204
Step 1: Locate Upper Arm Position Table A ° a . u extension
i ow 3 +
- e |
S N« @ 4 Upper |
ic BN Am g
20° tos20° 201045 +45 10 90 90+ \ X | AL BN X
Step 1 ﬂ - Step 9a: Adjust...
oo S ey \ ! 2|2 |f]2]3]s]s]s =Final Neck Score If neck s twisted: +1; Ifneck is side-bending: +1
upper am is abducted: +1 . " |
arm is supported of person is leaning: -1 Final Upper Am Scare < = \ 2IAELEIRI (418 taisoif 0to10°
2 |/ [9]a]> <lafs
Step 2: Locate LowerArm Position / 2 R
4 yan <] d]a

EEERT \
+

I +1
0-60° 100°+ * \
ine of the body: +1;

Final Lower Arm Score

0 to100°

Step 2a: Adjust.
If arm is working across
If arm out to side of body:

Step 3: Locate Wrist Position

154 » N
“ 8 cors “
+2 2
o co15 &
15+

Step 3a: Adjust.

I wrist is bent from the midline: +1

Final Wrist Score =
Step 4: Wrist Twist
If wrist is twisted mainly in mid-range %17

If twist at or near end of twisting range =2 ) ~ Wnst Tuist MSTH

Step 5: Look-up Posture Score in Table A @
Use values from steps 1,2.3 & 4 to locate Posture Score in
fable A Posture Score A =

Step 6: Add Muscle Use Score _
1 posture mainly static (i.e. held for longer than 1 minute) or;
action repeatedly occurs 4 imes per minute or more: +1  Muscle Use Score =
Step 7: Add Forcelload Score +

Ifload less than 2 kg (intermiltent): +0

112 kg to 10 kg (intermittent): +1:

112 kg to 10 kg (static o repeated): +2.

If more than 10 kg load or repeated or shacks: +3

P

Step 10a: Adjust...
If trunk is twisted: +1; I trunk is Side-bending: +1
Step 11: Legs

Iflegs & feet supported and balanced: +1
Ifnot +2

~ Trunk Posture Score

: 5 [+ [ 5 [
7 s rnnaw\rbnu Legs | Legs
f Nook |1 [2 [ 12| 1 ]2 1 21 ]2

T @y 4 s 7
|° Table B 2 27323 45 s AL
| 3 {3373 445 s Tl

’ 4 |s s s es 7 r 1sle

s |77 7 77 858 88 8 558
[ 6 |o s 8 58 88 90995

s 5 s
Step 12: Look-up Posture Score in Table B
Use values from steps 8,9,8 10 to locate Posture Score in
= Posture B Score Table B

,

\
\

Step 13: Add Muscle Use Score

It posture mainly static or.
Itaction 4iminute of more: +1

Step 14: Add Forcelload Score
Ifload less than 2 kg (intermi
112 kg to 10 kg (infermitient): +1;
2kg to 10 kg (static or repeated): +2;
‘more than 10 kg load or repeated or shocks: +3

= Force/load Score

Step 8: Find Row in Table C
The completed score from the Arm/wrist

analysis is used to find the row on Table G el Wnsta:Am Scoe

\ Step 15: Find Column in Table C
The completed score from the Neck/Trunk & Leg
= Final Neck, Trunk & Leg Score analysis is used to find the column on Chart C

Final Score= ﬁ

Subject:
Company:

Date: / /

Department: Scorer: o

FINAL SCORE: 1 or 2 = Acceptable; 3 or 4 investigate further; 5 or 6 investigate further and change soon; 7 investigate and change immediately |

Source: McAtamney, L. & Corlent, EN. (1993) RUI

nethod for the investigation of work-related upper limb disorders, Applied Ergonomics, 24(2) 91-99.
lan Hedge, Cornell University. Feb. 2001

© Professor
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RULA Employee Assessment Worksheet

Complete this worksheet following the step-by-step procedure below. Keep a copy in the employee's personnel folder for future reference.

A. Arm & Wrist Analysis
Step 1: Locate Upper Arm Position

E T R 58 =1
20 tos20e 220 2 los
Step 1a: Adjust...

4457 t0 90° 90+
If shoulder is raised: +1:
If upper arm is abducted. +1
If arm is supported or person s leaning: -1

Final Upper Arm Score = m
Step 2: Locate LowerArm vom_._o:

{ e et

60° to 100°
Step 2a: Adjust...

If arm is working across mi
If arm out to side of body: +1

ine of the body: +1.

Step 3: Locate Wrist Position

Step 4: Wrist Twist
If wrist is twisted mainly in mid-range =1;
If twist at or near end of g range = 2
Step 5: Look-up Posture Score in Table A (4

Use values from steps 1.2.3 & 4 to locate Posture Score in
table A

Posture Score A =

Step 6: Add Muscle Use Score _
If posture m: i.e. held for longer t @
If action repeatedly occurs 4 times per minute or more: +1 Muscle Use Score =

Step 7: Add Force/load Score
= I
Ve

Force/load Score =

Wrist Twist Score = H

SCORES

Table A

L1

| Final Lower Am Score ‘E s|s
154 » a
+ 3 LR R | E
. %3 2
o w015 -
15+
Step 3a: Adjust.
If wristis bent from the midiine: +1 Final Wrist Score = {o]

o =¥

/e

B. Neck, Trunk & Leg Analysis
Step 9: Locate Neck Position

N & inextension
“ [T +3 +4

Cr10 10020 20+

Py

Step 9a: Adjust..

=Final Neck Score If neck s twisted: +1; If neck s side-bending: +1

falsoif 0°to10°  0°to20° Step 10: Locate Trunk Position
tunkis 20°t0 60°
wel ¥ Y +3
Np- standing / h
poted 1 oret M L
seatets, seated | A s AN
2ifnot \ -20° B e

Step 10a: Adjust...

unk is twisted: +1; If trunk is side-bending: +1

Step 11: Legs
legs & feet supported and balanced: +1
not: +2

= Final LegScor

i \ ~ Trunk Posture Score

3

E /
i
—
Final Wrst & A Score =| ﬂ

analysis is used 1o find the row on Table C

Final Score= w

A

T [ O 1 I N
Legs | Legs | Legs | Legs | Legs
Wea [+ 2|1 [2|Mlz 1]z [1]2

3 !
a
3
s
s

7
7

78 e

s s als 8 s s

5 s 2 8 88 5 5 8 9

Step 12: Look-up Posture Score in Table B
Use values from steps 8,9.8 10 to locate Posture Score in

=Posture 8 Score  Table B

Step 13: Add Muscle Use Score

posture mainly static o
action 4/minute or more: +1

Step 14: Add Force/load Score
load less than 2 kg ): +0;
21010 kg (intermitent). +
12 g to 10 kg (staic or repeated): +2:
If more than 10 kg load of repeated or shocks: +3

Step 15: Find Column in Table C
The completed score from the Neck/Trunk & Leg
= Final Neck, Trunk & Leg Score analysis is used to find the column on Chart C

= Muscle Use Score

= Force/load Score

Subject:
Company:

Department:

Scorel

Date: / /

|

FINAL SCORE: 1 or 2 = Acceptable; 3 or 4 inves

leti, EN. (1993) RULA: a survey method for the investigation o

© Professor Alan Hedge, Cornell

v. Feb. 2001

ate further; 5 or 6 investigate further and change soon; 7 investigate and change immediately
rh-related wpper limb disorders, Applied Ergonomics, 24(2) 91-99.
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