1. [bookmark: _GoBack]No output should be greater than 2.4 millimeters. Thickness is normally distributed. What fraction of the output is expected to be greater than this thickness?
 
Average: 1.9625
Standard deviation: 0.20962421
Z= 2.4-1.9625/ .209624= 0.4375/ 0.209624= 2.08707
1-NORMSDIST (2.08707)= 1-0.9815591= 0.0184409
1.8441% of the washers are expected to have a thickness greater than 2.4

2. Upper and lower specification, upper thickness limit is 2.4 and the lower thickness limit is 1.4.
What fraction of the output is expected to be out of tolerance?
Upper limit: 2.4, 0.0184409
Lower limit: Z= (1.4- 1.9625)/ .209624= -0.5625/ 0.209624= -2.683375
NORMSDIST (-2.68337)= 0.00364422
.3644% of the washers are expected to have a thickness lower than 1.4
Total expected fraction defective: 0.018441 + 0.003644 = 0.022085
2.2085% of the washers would be expected to be out of tolerance. 

3. Cpk for the process?
Cpk= min (UTL-x/ 3σ , x-LTL/3σ)
=min [2.4-1.9625/3(0.209624), 1.9625-1.4/3(0.209624)]
=min [0.4375/0.628872, 0.5625/0.628872
=min [0.6957, 0.89446] = 0.6957

4. Cpk for the process if it were centered between the specification limits (assume the process deviation the same)?
Center of the specification limit: 2.4+1.4= 3.8/2= 1.9
Cpk= min (UTL-x/ 3σ , x-LTL/3σ)
= min(2.4-1.9/0.628872, 1.9-1.4/0.628872)
= min[0.5/0.628872, 0.5/0.628872]
=min[0.7951, 0.7951] =0.7951

5. What percentage of output would be expected to be out of tolerance if the process were centered?
Z = (2.4 – 1.9)/ .209624 = 2.385221 
Out of tolerance: 
 =2 (1-NORMSDIST (2.385221))
=2(1-0.991465)
=0.008535(2)
            =0.01707= about 1.7%

6.  X and range control charts for the current process (operators will take samples of 10 washers at a time).
In excel sheet
Sample size of 10
A2= .31
D3= .22 
D4= 1.78 
Upper Control Limit (UCL) for the X-bar chart = 1.9625 + .31 x .65 = 2.164 
Lower Control Limit (LCL) for the X-bar chart = 1.9625 - .31 x .65 = 1.761 
Upper Control Limit (UCL) for the Range chart = 1.78 x .65 = 1.157 
Lower Control Limit (LCL) for the Range chart = .22 x .65 = .1437. 

7. Plot data on control charts. Does the current process appear to be in control?
The process appears to be in control and there is an upward (positive) trend in both the x bar and range chart. 

8. If the process could be improved so that the standard deviation were only about .10 millimeter, what would be the best that could be expected with the process relative to fraction defective?
Z= (2.4-1.9)/ .1
=0.5/.1
=5
2(1-normsdist5))
=5.73303E-07
The best that could be expected with the process relative to fraction defective is about 573 defects per billion washers.





