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Objective: To measure anthropometric data and comparison with the empirical values   
Theory: 
Anthropometry is the study of human sizing - the dimensions of the different parts of the body.
The simplest and most common form of anthropometry is Static Anthropometry, where people are measured in unmoving, defined postures.  The measurement points on the body are called Landmarks, and the measurement can be defined as a pure vertical or horizontal distance, a straight line, or along the surface, from one landmark to another.
The other kind of anthropometry is call Functional Anthropometry, and includes dynamic reaches and strength measurement.  
 Some common anthropometric measurements include:
· Height or length
· Weight
· Mid-upper arm circumference (MUAC)
· Demi-span or arm span
· Knee height
· Sitting height
· Skin fold thickness
· Head circumference etc.
Height (or length) and weight are the most common anthropometric measures used to indicate protein-energy nutritional status in emergencies.
Dimensions are measured and recorded in the data and compared with empirical data 
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Data
	Stature Height
	
	
	
	
	
	
	
	
	
	

	Eye Height
	
	
	
	
	
	
	
	
	
	

	Shoulder Height
	
	
	
	
	
	
	
	
	
	

	Elbow Height
	
	
	
	
	
	
	
	
	
	

	Knuckle Height
	
	
	
	
	
	
	
	
	
	

	Sitting Height
	
	
	
	
	
	
	
	
	
	

	Eye Sitting Height
	
	
	
	
	
	
	
	
	
	

	Elbow Rest Height
	
	
	
	
	
	
	
	
	
	

	Thigh Clearance
	
	
	
	
	
	
	
	
	
	

	Knee Height
	
	
	
	
	
	
	
	
	
	

	Buttock Knee Length
	
	
	
	
	
	
	
	
	
	

	Popliteal Height
	
	
	
	
	
	
	
	
	
	

	Chest Depth
	
	
	
	
	
	
	
	
	
	

	Elbow-Elbow Breadth
	
	
	
	
	
	
	
	
	
	

	Hip Breadth
	
	
	
	
	
	
	
	
	
	

	Weight
	
	
	
	
	
	
	
	
	
	










Empirical Values 

	Prediction Equations to Estimate Segment Mass (in kg) from Total Body Weight Prediction Equations to Estimate Segment Mass (KG) from 
Total Body Weight W (KG) 

	Segment 
	Empirical equation 
	Standard error of Estimate 

	Head 
	0.306W + 2.46 
	0.43 

	Head and neck 
	0.0534W + 2.33 
	0.60 

	Neck 
	0.0146W + 0.60 
	0.21 

	Head, neck and torso 
	0.5940W - 2.20 
	2.01 

	Neck and torso 
	0.5582W - 4.26 
	1.72 

	Total arm 
	0.0505W + 0.01 
	0.35 

	Upper arm 
	0.0274W - 0.01 
	0.19 

	Forearm and hand 
	0.0233W - 0.01 
	0.20 

	Forearm 
	0.0189W - 0.16 
	0.15 

	Hand 
	0.0055W + 0.07 
	0.07 

	Total leg 
	0.1582W + 0.05 
	1.02 

	Thigh 
	0.1159W - 1.02 
	0.71 

	Shank and foot 
	0.0452W + 0.82 
	0.41 

	Shank 
	0.0375W + 0.38 
	0.33 

	Foot 
	0.0069W + 0.47 
	0.11 
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Objective: Design of a chair.
Sitting in a working chair makes you sit in the same posture for a long time, unlike in an easy chair where you can move around easily. Constant sitting in the wrong position, such as bending forward or twisting to the side, can harm the respiratory and digestive organs. This leads to premature fatigue, circulatory disturbances, and backache resulting from overstraining the spine and the vertebrate disks. In extreme cases, years of sitting in the wrong position can lead to muscular and skeletal illnesses.
Correct sitting means a frequent change of posture. Different parts of the body are then constantly being used. Basically, it is a question of the correct adjustment. The height of your working chair is best when your forearms lying on the table are at right angles to your upper arms. You should be able to place your feet completely on the floor and your thighs and lower legs should also be at right angles. Gymnastic balls and balancing chairs offer an alternative to conventional seating arrangements.
Unfortunately, a good chair, constructed according to ergonomic criteria, is relatively expensive, but the investment in your health is worth it.
Important features of a good chair include:
· a backrest reaching to the shoulder blades and with an adjustable kinetic resistance
· support for the lumbar spinal column
· a seat that is also adjustable and can be tilted forwards or backwards
· automatic regulation of backrest and seat to retain an ideal angle
· springs that softly cushion the weight when sitting down
· stability provided with the help of at least five foot legs with rollers that are restrained when you stand
· adjustable height of the seat (according to standards, 42 to 53 cm) and backrest
· individual adjustment of arm rests, if there are any (luxury)
· a footrest if your feet do not reach the floor

A sample design data of a chair is given below figure 
[image: Ergonomic Chair]

	Name of the Part or  number 
	Dimension 
	Remarks 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	
	
Mechanical and Industrial Engineering Department

Experiment (3)	To Estimate Lifting Index 


	
	Student Name :
	ID: 
	Section No.:

	Supervisor: Dr. Chandra Mouli
	Submission Date:
	SLO:

	Academic Year: 2017-2018
	Semester: First
	

























Objective: To measure lifting index 




Theory 

A Lifting Index value of less than 1.0 indicates a nominal risk to healthy employees. A Lifting Index of 1.0 or more denotes that the task is high risk for some fraction of the population. As the LI increases, the level of low back injury risk increases correspondingly. Therefore, the goal is to design all lifting jobs to accomplish a LI of less than 1.0.
The NIOSH lifting equation always uses a load constant (LC) of 51 pounds, which represents the maximum recommended load weight to be lifted under ideal conditions. From that starting point, the equation uses several task variables expressed as coefficients or multipliers (In the equation, M = multiplier) that serve to decrease the load constant and calculate the RWL for that particular lifting task.
NIOSH Lifting Equation: LC (51) x HM x VM x DM x AM x FM x CM = RWL
Task variables needed to calculate the RWL:
· H = Horizontal location of the object relative to the body
· V = Vertical location of the object relative to the floor
· D = Distance the object is moved vertically
· A = Asymmetry angle or twisting requirement
· F = Frequency and duration of lifting activity
· C = Coupling or quality of the workers grip on the object
Lifting Index (LI): Weight ÷ RWL = LI
Additional task variables needed to calculate the LI:
· Average weight of the objects lifted
· Maximum weight of the objects lifted
The RWL and LI can be used to guide lifting task design in the following ways: 1) The individual multipliers the determine the RWL can be used to identify specific weaknesses in the design. 2) The LI can be used to estimate the relative physical stress and injury risk for a task or job. The higher the LI value, the smaller the percentage of workers capable of safely performing these job demands. Thus, injury risk of two or more job designs could be compared. 3) The LI can also be used to prioritize ergonomic redesign efforts. Jobs can be ranked by LI and a control strategy can be implemented based on a priority order of the jobs or individual lifting tasks.
The Frequency-Independent Recommended Weight Limit (FIRWL) and the Frequency-Independent Lifting Index (FILI) are additional outputs of the NIOSH lifting calculator. The FIRWL is calculated by using a frequency multiplier (FI) of 1.0 along with the other task variable multipliers. This effectively removes frequency as a variable, reflecting a weight limit for a single repetition of that task and allows equal comparison to other single repetition tasks. The Frequency-Independent Lifting Index (FILI) is calculated by dividing the weight lifted by the FIRWL. The FILI can help identify problems with infrequent lifting tasks if it exceeds the value of 1.0.
[image: Horizontal Location of Hands]
Vertical Location of the Hands (V) – Measure and record the vertical location of the hands above the floor at the start (origin) and end (destination) of the lifting task. The vertical location is measured from the floor to the vertical mid-point between the two hands as shown below. The middle knuckle can be used to define the mid-point.
[image: Vertical Location of the Hands]
Vertical Travel Distance (D) – The vertical travel distance of a lift is determined by subtracting the vertical location (V) at the start of the lift from the vertical location (V) at the end of the lift. For a lowering task, subtract the V location at the end from the V location at the start.
[image: Vertical Travel Distance]
Asymmetric Angle (A) – Measure the degree to which the body is required to twist or turn during the lifting task. The asymmetric angle is the amount (in degrees) of trunk and shoulder rotation required by the lifting task.  Note: Sometimes the twisting is not caused by the physical aspects of the job design, but rather by the employee using poor body mechanics. If this is the case, no twisting (0 degrees) is required by the job. If twisting is required by the design of the job, determine the number of degrees the back and body trunk must twist or rotate to accomplish the lift. (i.e. 90° as pictured below)
[image: Asymmetric Angle]
Coupling (C) – Determine the classification of the quality of the coupling between the worker’s hands and the object as good, fair, or poor (1, 2, or 3). A good coupling will reduce the maximum grasp forces required and increase the acceptable weight for lifting, while a poor coupling will generally require higher maximum grasp forces and decrease the acceptable weight for lifting.
· 1 = Good – Optimal design containers with handles of optimal design, or irregular objects where the hand can be easily wrapped around the object.
· 2 = Fair – Optimal design containers with handles of less than optimal design, optimal design containers with no handles or cut-outs, or irregular objects where the hand can be flexed about 90°.
· 3 = Poor – Less than optimal design container with no handles or cut-outs, or irregular objects that are hard to handle and/or bulky (e.g. bags that sag in the middle).
6) Frequency (F) – Determine the appropriate lifting frequency of lifting tasks by using the average number of lifts per minute during an average 15 minute sampling period. For example, count the total number of lifts in a typical 15 minute period of time and divide that total number by 15.
· Minimum = 0.2 lifts/minute
· Maximum is 15 lifts/minute.
7) Load (L) – Determine the weight of the object lifted. If necessary, use a scale to determine the exact weight. If the weight of the load varies from lift to lift, you should record the average and maximum weights lifted.
8) Duration (Dur) – Determine the lifting duration as classified into one of three categories: Enter 1 for short-duration, 2 for moderate-duration and 8 for long-duration as follows:
· 1 = Short – lifting ≤ 1 hour with recovery time ≥ 1.2 X work time
· 2 = Moderate – lifting between 1 and 2 hours with recovery time ≥ 0.3 X lifting time
· 8 = Long – lifting between 2 and 8 hours with standard industrial rest allowances
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	Index
	Remarks 
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Objective:  To calculate the learning rate for the subject for different two tasks and draw a learning curve 

Theory 
Learning Curve Phenomenon as in term of task time refers to the Reduction in cycle time that occurs in a repetitive work activity as the number of cycles increases. It means that when a worker accomplishes a task over and over, the time required for each successive cycle decreases as he or she learns the task. Learning Curve analysis has been applied for different areas rather than cycle unit time such as estimates the product cost, product quality and occupational safety. According to theory, there is a constant learning rate that applies to a given repetitive task. Learning Rate means that the proportion by which the dependent variable (e.g., task time) is multiplied every time the number of task cycles doubles. The learning curve effect is inherent in any work system that continuous to seek improvement in its operations. There is other alternative term for the learning curves used for organizations learning and technology improvement which is experience curve. 

Improvement time of task over time during a repetitive task was pointed out by Wright and Crawford those developed a number of equations to express the time improvement mathematically (Grover, 2007). They plotted the results of time against the number of cycles on log-log paper and that gave a straight line. The plotted showed that the time of cycle was significantly decreased while the number of cycles is doubled. There is one important term related to the learning rate which is called improvement rate. It defines as the parentage of improvement in cycle time of the unit (dependent variable) as the number of unit doubles.        

In fact, the occurring of learning curve related to two important factors which are: workers and organization.  The workers can contribute in occurring learning curves with different ways such as: worker becomes familiar with the task - the worker learns the task, worker makes fewer mistakes as the task is repeated, hand and body motions become more efficient, and there is a rhythm and pattern developed and minor adjustments in workplace layout to reduce distances. In contract, the organization can contribute in occurring learning curves with different ways such as: methods improvements by the IE Department (i.e., layout and design methods, process optimization and just-in-time method), technological improvements, development of special tooling, better scheduling, improved logistical support and better motivation of workers. 
Learning curves can be also useful in showing how differences in work design can have an effect on the rate of learning  

Procedures 
Each student will perform two different experiments since; the student needs to perform the Grooved Pegboard simple assembly tool test(task no. 1) as well as also, he needs to do other task which is Roeder Board Manipulative Aptitude Test (task no. 2):

First of all, the lab section needs to divide into two groups and each group needs to select one student to perform the both tasks. 

In the first experiment (task no. 1):

1. Participants are given a brief introduction to the experiment in order to familiarize themselves with the procedure. They are provided with instructions and advised on how to insert the pegs inside the holes.

2. One student of the group needs to pick up the peg and insert to the board hole with random orientation (see Figure 1) and uses both hands.

3. The student needs to insert 25 pegs in order to complete the assembly. 
4. The students requires to timed 15 cycles. 
5. The other members of the group need to record the time for each cycle (i.e., time record for 15 cycles).
[image: ][image: ]




Figure 1:Grooved Pegboard tool and pegs. 


In the second experiment (task no. 2):
1. Participants are given a brief introduction to the experiment in order to familiarize themselves with the procedure. They are provided with instructions and advised on how to insert the pegs inside the holes.

1. One student of the group (i.e., same student who performs the first task) needs to assemble all four parts washers, rods, caps, and nuts together and insert into the hole in the board after pick-up these parts from pin that placed in the front of the student see Figure 2.   


1. The student requires to complete 25 assembly parts out of 40 which means that he needs to assemble only 25 holes in the board. 

1. The students requires to timed 15 cycles.

1. The other members of the group need to record the time for each cycle (i.e., time record for 15 cycles). 
[image: ][image: الوصف: Roeder Manipulative Aptitude Test]




Figure 2: Roeder Board (Model 32026; Lafayette Inst. Company) and four receptacles for holding washers, rods, caps, and nuts. 



Results of the Experiment

lnTN2– lnTN1

m =

ln(N2) – ln(N1)




4. Determine the learning rate (%) using the following equation:

LR = 2m





Draw a learning curve 

A sample learning curve 
[image: Image result for Learning Curve]
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