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Answer All Four (04) questions.

I. (a). Afactory produces metal rods with a length that follows an unknown distribution with
a mean of 50 cm and a standard deviation of 5 cm. A quality control engineer takes
random samples of size 40 from the production line and calculates the sample mean
length.
(i) According to the Central Limit Theorem, what is the expected shape of the
distribution of the sample means?
(ii) What will be the mean and standard deviation of the sample mean distribution?
(ifi)Calculate the probability that a randomly selected sample of 40 rods has an
average length greater than 51 cm.
(h) What are the advantages of utilizing control charts in quality management and
process monitoring?
(c) A cable harness assembly shop is experiencing bonding failures during the curing
process. Identify five possible causes using Ishikawa’s major categories.
(d) A company monitors a slow-moving production process using Moving Average
(MA) and Moving Range (MR) charts.
(i) Explain how MA and MR charts help detect small shifts in the process and
how they reduce noise in data.
(i) Discuss whether smaller or larger subgroups are more effective for these

charts and why.
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2. (a) If a process is monitored using an X control chart, examine how a change in sample
size from n = 12 to n = 8 impacts the calculation of control limits and may lead to an
"out-of-control" signal. (Standard tables are attached.)

Hint: The Upper Control Limit (UCL) and Lower Control Limit (LCL) for an X chart
are calculated as

UCL=X+ A, xR

LCL=X—A, xR
Where,

X = Sample mean

R = Average Range
A, = Control chart factor

(b) Suppose a chemical manufacturing process monitors the purity level of its product.
" Due to the ﬁéture of the process, only one observation per time period is available,
making subgroup sampling impractical. Why is an Individual Control Chart (X-chart)
and Moving Range (MR) Chart preferred over an X and R-chart in this scenario?

(c)

(i) Explain the difference between process capability (Cpk) and process performance
(Ppk).

(ii) A steel rod manufacturing company seeks to determine whether its production
process is consistently delivering products within quality standards. The process
specifications are as follows:

o Target Diameter = 50- mm

o Upper Specification Limit (USL) = 52 mm
e Lower Specification Limit (LSL) = 48 mm
o Process Mean (W) = 50.5 mm

® Prdcess Standard Deviation (¢) = 0.5 mm

Using these parameters, assess the ability of the process to maintain acceptable quality
levels. Discuss whether the current process is well-controlled and capable of meeting
specifications, and suggest potential improvements if needed.

+  Cp: process capability index
+ Cpk: minimum process capability index
"« Pp: process performance index Page 2 of §

»  Ppk: minimum process performance index
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USL: upper specification limit; Cok =
P Process Spread

LSL: lower specification limit;
Mean: grand average of all the data
Sigma hat: estimated inherent variability (noise) of a stable process

SD: overall variability

3. (a) What is the main purpose of the Western Electric Rules in Statistical Quality Control?
(b) A quality control team in a manufacturing plant monitors two aspects of production
using P-charts and C-charts.
(i) Defective Bolts (P-Chart)
The team inspects samples of 150 bolts per batch for defects. Over 40 batches, the
average proportion of defective bolts was 0.03.
A. Calculate the control limits (UCL & LCL) for a P-chart at 3¢ limits.
B. If a new batch contains 8 defective bolts in a sample of 150, determine
whether the process is in control.
C. Explain why a P-chart is suitable for monitoring defective bolts.
(11) Scratches on Laminated Sheets (C-Chart)
The team also monitors laminated sheets for surface defects Over 35 sheets, the
average number of scratches per sheet was 5.5.
A. Calc;llate the control limits (UCL & LCL) for a C-chart at 3¢ limits.
B. Ifanewly inspeéted sheet contains 12 scratches, analyze whether this signals an
out-of-control process. .
C. Justify why a C-chart is appropriate for this type of defect monitoring instead of

a P—Chart.
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4. (a) In the context of Statistical Quality Control (SQC), explain the following:

(i) Type I Error: What happens if the inspector rejects a good batch that actually
meets the quality standards?

(ii) Type 11 Error: What happens if the inspector accepts a defective batch that does
not meet the quality standards?

(b) Explain the methodology of a single sampling plan, including the steps involved in
determining whether to accept or reject a lot.

(c) A bakery supplies cookies in large batches. To ensure quality, an acceptance
sampling plan is used as follows: A random sample of 40 cookies is taken from
each batch.

If two or fewer defective cookies (e.g., broken or burnt) are found, the batch is
accepted.

If three or more defective cookies are found, the batch is rejected.

(i) Ifthe actual defect rate in a batch is 5%, what is the probability that the batch
will be accepted?

(ii) If the actual defect rate in a batch is 12%, what is the probability that the batch
will be accepted?
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