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This report is the third of five progress reports. The analyze phase is the third phase from the Six Sigma methodology of “Define, Measure, Analyze, Design and Validation”(DMADV). This phase is used to help expand and create future design solutions to maximize the projects most effective design. The approach and deliverables the team will provide at the termination of the project, as well as, a detailed description of the customer requirements are provided. 










Table of Contents
Abstract	3
Introduction	4
Project Definition	6
Project Scope	7
Product Specification	7
Assumptions	9
Deliverables	10
Analysis of Customer Requirements	10
Critical Customer Requirements	11
Meeting Critical Customer Requirements	11
Design Analysis	13
Past Design	13
Issues with Past Design	14
Budget	14
Floor Space	14
Safety	14
Cycle Time	15
Muscular Skeletal Data	15
Elbow and Forearm Analysis	15
Bending, Lifting, and Carrying	17
Bending, Lifting, and Carrying	18
New System	19
Hydraulic System	19
Ergonomic Handling System	20
Trolley System	20
Fiber Placement Methodology	24
Conclusion	27
Reference	28
Appendix	28


[bookmark: _Toc315912307]Abstract

The Resin Infusion between Double Flexible Tooling (RIDFT) is a process by which fiber composite molds are made.  By definition, the RIDFT decouples the infusion stage from the formed geometry, yielding a simpler ‘flat’ resin flow. Setbacks involved with this process where identified, measurements were taken for analysis and a solution was constructed.  
Previously, it was determined that an automated lift system was needed for the correction of such problems coupled with an suitable ergonomic handling system, which can be retrofitted to the current RIDFT machines for each frame, providing desirable position for optimal vacuum, disassembly and working space. 
 	A design was formatted based on these requirements in which the frames would be lifted in an angular motion by a linkage system powered by motors. This design however, did not directly correlate to customer requirements of safety and an unidentified budget constraint. For these reasons, the problem must therefore be redefined and a new solution formed for analysis.   


[bookmark: _Toc315912308]Introduction

In the world of manufacturing, the use of fiber composite polymers has become a cutting edge practice.  These materials are sought after for their high strength, resistance to corrosion, electrical and thermal insulation, as well as being light weight. Because of its properties, composites have become constructive and necessary in variety of areas. This includes the use of such material in the production of medical equipment (i.e.  X-ray equipment), aerospace (airplanes), civil infrastructural systems (retrofitting bridges), and in the creation of robots.  
Many processes have been investigated for the safe and rapid development of fiber composite polymers. Previous methods include open mold techniques i.e. hand lay-ups and liquid composite molding (LCM) techniques such Resin Transfer Molding (RTM).  However, numerous have failed to match the demands for mass production and yield long production periods and high emission rates of volatile compounds.  At the High Performance Materials Institute, Dr. Okenwa Okoli has revolutionized the way in which fiber Composite Polymers are produced with the creation of the Resin Infusion between Double Flexible Tooling (RIDFT) process which produces such composites inexpensively.  
Currently, the operation of the machine involves the manual positioning and removal of the top and bottom frames. Because the operation is manual, the constant motion comes at a great risk and arduous labor to the operator as well as a delay in production time therefore; it is in this aspect that Dr. Okoli seeks our assistance. 
The emphasis of this project is to design and implement an automated linkage system that can be retrofitted to the current Resin Infusion between Double Flexing Tool (RIDFT) machine that will stably, safely and accurately place the two aforementioned frames, in order to assure optimal vacuum, disassembly and working space. Moreover, this semi-automated hydraulic system must have an ergonomic handling system. These goals must be achieved with a budget of $3,000.00 to $5,000.00.
[bookmark: _Toc315912309]
Project Definition

The purpose of this project is to design and implement a semi-automated system for the RIDFT machines that will stably, safely, quickly and accurately place the top and bottom frames, in order to assure optimal vacuum, disassembly and working space. Moreover, this semi-automated system must include an ergonomic handling system. A methodology must also be developed and implemented to accurately place the fiber between the two silicon membranes. \

There are six major steps to the RIDFT manufacturing process.
Step 1: Load the fiber into the machine.
Step 2: Secure the fiber properly into the machine.
Step 3: Infuse resin into machine until fibers are thoroughly wet using the vacuum process.
Step 4: Vacuum seal the two chambers with fiber secured inside.
Step 5: Vacuum the resonated fibers to ensure that fibers are forming around the male mold piece.
Step 6: De-mold the part carefully.
As illustrated by the process, it is seen that the operator is subjected to certain factors such as heavy lifting and replacement of the silicone sheets during the procedure. The procedure also involves a significant amount of time.  Figure 1 further describes the RIDFT process.  



[image: ]
Figure 1: The RIDFT process

[bookmark: _Toc315912310]Project Scope

The mission of this project is to successfully implement industrial and mechanical engineering experience to meet the voice of the customer. We will work together as one unit to semi-automate the RIDFT manufacturing process, making it safer and more efficient for all future RIDFT operators.

[bookmark: _Toc315912311]Product Specification

The modified RIDFT system will be comprised of four significant changes. The first of these modifications is a hydraulic system, which will be retrofitted onto the current chamber of the RIDFT machine. This hydraulic system will allow for the desired mounting and dismounting stable placement of the metal frames housing the silicon membranes. The second modification is in response to the hydraulic system, it entails the use of a two way solenoid valve that will ideally drive the hydraulic rams creating vertical displacement. Respectively, the third modification and a secondary objective is an ergonomic control for the hydraulic rams, which will control the up and down motion for each of the frames, separately. The final modification is to implement a methodology for the accurate placement of the fibers. Ultimately, the primary focus of this project is to improve the processing time when using the RIDFT, while reducing and enabling safe manpower utilization as well as workspace. Once again, it should be restated that these goals must be achieved within a budget range of $3,000.00 to $5,000.00.
To better illustrate the customer’s needs and engineering specifications a house of quality figure has been employed below. The x(s) denote that there is a relation between the customer need and the translation into an engineering specification. As previously stated and as seen in the house of quality, the efficiency of the process will be a significant factor in meeting customer needs.
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Figure 2: Customer Needs
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Some assumptions need to be taken into account for the automation of the Resin Infusion between Double Flexing Tool (RIDFT) machine and the mold placement methodology. These assumptions are: 
1. The order of operation is unaltered.
2. The method for resin injection and flow is optimal. 
3. The equipment, i.e. the silicon membrane sheets , corresponding frames and  
chamber, will remain the same.	
4. The current method for carbon fiber placement will continue to be implemented. 
5. The current RIDFT process requires more than one operator and is time consuming as well as labor intensive. 
6. Mold placement methodology is currently unsound. 

[bookmark: _Toc315912313]Deliverables 
The group will provide the customer with an update of current progress on a biweekly basis to ensure customer satisfaction and remain within budget constraints.  The customer will also be given access to the group website to view progress and all deliverables at anytime. In addition to this, the group will take into consideration any constructive criticism stated by said customer and adjust design to meet the customer’s needs and wants given that they are technically feasible. 
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Figure 3: Gantt Chart

[bookmark: _Toc315912314]Analysis of Customer Requirements

[bookmark: _Toc315912315]Critical Customer Requirements 
As a team we had to identify potential causes of low productivity and safety concerns that are associated with the RIDFT process. We did this in the form of a fish bone diagram in Figure 5-1. As seen in figure, causes are summarized into four categories:  Man, Machine, Material and Method. 
	

 

Figure 4: Fishbone diagram for automation of the RIDFT

[bookmark: _Toc315912316]Meeting Critical Customer Requirements

In order to meet customer requirements, the voice of the customer must be reassessed. This can be illustrated in figure 4. 

Figure 5: Voice of Customer Tree

To fully understand the voice of the customer we arranged a focus meeting with our main customer. Our customer explained the issues with the old design and the constraints that were not obeyed. Our customer clearly voiced his wants and expectations for this project. The customer stated that he is willing to spend up to $5,000 on a new design that will make the operation of the RIDFT semi-automatic. He expects the semi-automation design will make the RIDFT safer and faster. 
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[bookmark: _Toc315912318]Past Design
In order to fully automate the mechanical process that was desired by the customer, we decided to use a combination of linkages, hydraulic rams, and drive shafts to achieve the motion.  Each side consisted of a mirror image setup to separate each frame away from the RIFDT tank for removal and cleaning. A large motor was attached to a gear and pinion set of 50 and 40 teeth, respectively. This gear pair transferred motion to the drive shafts, which translated motion to the linkage system via pins and welded tabs. For an additional degree of freedom, the linkage system was mated with four 10 inch stroke hydraulic cylinders on each end of the tank, so that the frames could be moved at various angles, allowing them to clear away from the edges of the tank. The motor chosen was a .75hp DC motor, and the gears were chosen with 20 degree steel of 8 inch and 10 inch diameters for each side. The gear ratio was a function of gear availability at that size, as well as the desire to gear the motor in a way that would increase torque and lower angular velocity. When combined as a system, this motor driven hydraulic linkage system achieved the desired output, but had several issues. 
[bookmark: _Toc315912319]Issues with Past Design
[bookmark: _Toc315912320]Budget
While the initial design achieved the desired output motion, and did so in a fully automated fashion, there were several design issues after speaking with the customer. Due to the expensive nature of bulk metal for the links, as well as the hydraulics, the design became more costly. The gear train however, was what pushed the design out of reach financially. Due to the grade and size (diameter) of the custom manufactured gears, the overall price increased substantially. After adding about $9,000 for the gear and pinion sets alone, the overall price to implement the design totaled just over $13,000. As we updated the customer, we found that this was nearly triple of what was ideal. The new design features a semi- automated design with a much smaller budget of about $3000-$5000. 
[bookmark: _Toc315912321]Floor Space
After running through the measurements, and motion simulation, the design simply took up too much floor space. The frames needed to be raised in a combination of upward and outward motions. While this motion was ideal to get the frames completely out of the way while clearing the tank edges, it took up large amount of real estate on the shop floor. This simply wouldn’t do for military applications where shipping size and operational space both are important factors. 
[bookmark: _Toc315912322]Safety
[bookmark: _GoBack]Perhaps the most important concern in the design was it not being up to OSEA standards. According to the safety guidelines, no moving objects can be held above an operator’s head. Additionally, the hydraulic rams were designed with no safety mechanism. Although the majority of the time hydraulics can be loaded with heavy weights over and over without issue, there is always the possibility of a seal rupture or other type of unpredicted failure. Additional sources of danger could be from pin failure, material failure in the linkage system, or the motor stalling and suddenly being back driven all- of which would severely endanger the operator.  New precautions had to be designed and implemented to meet the safety standards. Appendix (A-C, E-G) contain risk assessment sheets 
[bookmark: _Toc315912323]Cycle Time
When further analyzing the simulation of the original four bar linkage system several issues delay issues were brought to our attention. The old system had three separate mechanical functions that in order to work properly had to all run in unison. The gears, hydraulic pumps, and controls would need to be maintained regularly therefore increasing the total cycle time. Therefore by changing the design and eliminating the gears all together maintenance would be shortened and cycle time would be decrease. Appendix D shows time study sheer
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[bookmark: _Toc315912324]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. 
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	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 6 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][bookmark: _Toc315912326]Bending, Lifting, and Carrying 
Bending motion of operator lifting sheet off ground.
	Height of Operator
	Operator Weight
	Load Weight
	
	

	68”
	150lb
	50lb
	57°
	13°
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[bookmark: _Toc311102744]Figure 7 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.
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[bookmark: _Toc311102745]Figure 8 Diagram of Bending, lifting, carrying


[bookmark: _Toc311102799][bookmark: _Toc315912327]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: _Toc315912328]New System

[bookmark: _Toc315912329]Hydraulic System

The hydraulics for this system will serve one purpose. To semi-automate the RIDFT process and increase production capability the hydraulic system will simply remove and replace the silicon plates. This hydraulic system is crucial to the automation, as handling the plates is the most difficult part of the entire process. The plates will be moved at one speed as variable speed is not necessary. For our application the hydraulic system will be made of metal and feature a connection method that allows the plates to be easily detached. 
A hydraulic system was chosen because the plates used in the process need to be placed in an exact location to ensure proper sealing. The hydraulic rams and cylinders will be made of metal to provide sufficient strength and stability. The system will be driven by a two way solenoid valve which will later be discussed in greater detail. The primary considerations discussed when choosing a material for the linkage is Young’s Modulus. This characteristic of a metal describes its ability to deform without breaking. 

[bookmark: _Toc315912330]Ergonomic Handling System 

Ideally minimal C programming will be required to assure that the each motor can be controlled by a single remote. Within this remote there will be several buttons, two buttons for each motor and hydraulic linkage, controlling the forward and reverse motion. The program will have to read which command is being held and as long as the user holds that command (button) the action will be performed. Of course limits will be set in an attempt to avoid over exertion of the motor, hydraulic pump and linkage. The programming will most likely be performed in Code Warrior.
[bookmark: _Toc315912331]Trolley System

The newly designed concept for the RIDFT promotes a different set of core values than its predecessor. The focus of this design is safety and portability while maintaining functionality and productivity at a budget of $3,000.00 to $5,000.00. As with the previous design, the goals of this prototype remain to reduce and enable safe man power utilization, as well as the secondary objectives of an ergonomic handling system and fiber placement methodology. 
In order to develop the new concept for the RIDFT several designs were taken into consideration. First was the idea to have the plates mounted on a hand cranked pulley system as displayed in figure 9, but from prior experience it was known that this option would not be viable as the safety aspect of this design is flawed since the coil outlined in purple could fracture in a brittle manner without a moment’s notice and severely injure the operator. In addition, the cost to constantly replace the coil makes this design economically unreasonable.  

[image: thumb]
FIGURE 9 Hand-crank pulley system
	
	The second concept, located in figure 10, was a strong factor for our chosen “final design”, specifically the adjustable locking mechanism located at the bottom of the portable tripod stands.
Basically, this design incorporates two tripod stands with wheels at each leg for portability as well as an adjustable safety lock connected to a swivel joint at both ends which is latched onto one of the plates. This design was viable because of the safety it incorporated as well as its portability, but was not chosen as there is a need for two operators to man this system. Moreover, there is no way of assuring precise placement of the plates; therefore, there is no repeatability. Thus this idea was not chosen. 
 (
     
)
Figure 10 Crutch safety lock with portable tripod swivel system.

	Finally, with the previous designs in mind a final design was formulated as seen in figure 11. This design incorporates four hydraulic cylinders, two on each side of the portable trolley. Each cylinder will utilize the adjustable safety lock, found in the design above, and will be controlled through a two way solenoid switch valve that will dictate the vertical motion. The trolley system will be supported on six wheels, three for each side, with the middle wheel larger than the two exterior wheels for a wider range of motion. Moreover, the track mounted onto the wheels will have a “C” cross section in which wheels will be mounted in order to allow for easy mounting and dismounting. The entire trolley system will be maneuvered through a handle located at one of the ends of the trolley. In order to provide precise placement, an I-beam track will be installed to each side of the RIDFT as a guide for the trolley. To assure that the trolley will not move an L shaped foot latch will be installed at the bottom of the trolley, just as an added safety precaution. It should be stated that this design has yet to be finalized.
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FIGURE 11 Final design basic concept in order from top to bottom: side view, front view, and off-center view.

	In comparison with our initial design our current concept utilizes less floor space as all moving parts are directed in the vertical plane. It also satisfies OSHA safety requirements as there is an adjustable safety lock mechanism for any objects hanging over the operator’s head. In the previous design there was no safety catch available to protect the operator. Our current design is also more robust as it is made to be overwhelmingly simple avoiding complex electrical wiring and programming. 
[bookmark: _Toc311102812][bookmark: _Toc315912332]Fiber Placement Methodology
In order to assure that each process is accurately repeatable a coordinate system will be designed for the inside bottom portion of the chamber. This will most likely be implemented by laying out squares and circles in an overlaying pattern centered to the middle of the chamber. By doing this we are providing a consistent location for the placement of the mold, and thus allowing for near identical reproduction of each mold every run.
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. The fiber placement design will be placed accurately using a coordinate system located at the bottom portion of the RIDFT chamber. The coordinate system will consist of specifically outlined grid containing easily viewable geometric shapes in an overlaying pattern centered in the bottom of the RIDFT’s chamber as seen in figure 12. 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 12 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.
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Conclusion

Due to the discrepancies in project charter and the inability of the team to correlate the previous design with customer requirements of safety, a new design must be assembled to meet project aims. 
During this phase, the problem was redefined. New concepts where then formed and an analysis of those concepts where then preformed to determine and illustrate the optimum design configuration that will be safe and cost effective in accordance with customer specifications.  
The team will now proceed to the utilization and reassessment of past measurements for the completion of redesign.  Unfortunately, due to time constraints, the design will be implemented by the prospective team of aspiring engineers. However, all the elements needed for implementation and control will be determined.    
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Lifting Lay Down Risk Factor (Appendix B)
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Lifting Risk Factor (Appendix C)
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Time Study  (Appendix D)
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Lift Place Up RULA (Appendix E)
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Lift Lay Down RULA (Appendix F)
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Lifting RULA (Appendix G)
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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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Step 4: Seal Chamber
Step 5: Vacuum
Step 6: Demold
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