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INSTRUCTIONS TO CANDIDATES

1. Please read the instructions given in the question paper CAREFULLY.
2. This question paper is printed on both sides of the paper.

3. This question paper consist of TWO sections.

4. Answer ALL questions for Section A.

5. Section B consist of four questions. Answer THREE (3) questions only.
6. Please write your answer on the answer booklet provided.

7. Please answer all questions in English only.

8. Refer to the attached Formula/ Appendies.

THERE ARE 18 PAGES OF QUESTIONS, INCLUDING THIS PAGE.
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SECTION A (Total: 40 marks)

INSTRUCTION: Answer ALL questions.

Please use the answer booklet provided.

Question 1

Process capability ratios (PCRs) are used to evaluate how well a process can produce output

within specification limits. The two most common ratios are C, and Cgk, which can be applied

to both two-sided and one-sided specifications. C, measures a process's potential (spread vs.

specs) assuming it's centred, while Cyx measures actual capability by considering both spread

and the process's central location (mean).

(a) A process is in statistical control with X = 802 and R = 4.0. The control chart uses a
sample size of n = 5. Specifications are at 800 + 10. The quality characteristic is
normally distributed.

i Estimate the potential capability of the process, C,. (CLO3, C2)

(4 marks)
ii. Estimate the actual process capability, Cpx. (CLO3, C2)
(4 marks)
iii. Based on your answer in a(i) and a(ii), conclude the process capability. (CLO3,
C2)
(4 marks)

(b) The glass containers manufacturing evaluating the bursting strength of the containers.

The lower specification limit on bursting strength is 200 psi. The X = 264 psiand s = 32

psi.
i. Construct a one-sided process-capability ratio, Cp. (CLO3, C2)

(4 marks)
ii. Based on your answer in b(i), conclude the process capability. (CLO3, C2)

(4 marks)
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Question 2

In acceptance sampling, the Operating Characteristic (OC) curve describes the probability of

accepting a lot as a function of the lot’s fraction defective. On the other hand, Military Standard

105E (MIL STD 105E) provides standardised tables to select appropriate values of sample

size and acceptance number based on lot size, inspection level, and the Acceptable Quality

Level (AQL).

(a) Suppose that a product is shipped in lots of size N = 5,000. The receiving inspection
procedure used is single sampling with n = 50 and ¢ = 1. Table 1 shows a partial of the

probability of acceptance with its respective lot fraction defective. (CLO3, C4})

Table 1: Probability of acceptance with its respective lot fraction defective

Fraction defective Probability of acceptance
0.002 0.995
0.004 0.983
0.006 Y1
0.008 0.939
0.010 0.911
0.020 0.736
0.030 0.555
0.040 y2
0.050 0.279
0.060 0.190
0.070 0.126
0.080 0.083
0.090 0.053
0.100 0.034
0.120 0.013
0.140 0.005
0.160 0.002
0.180 0.001
0.200 0.000
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i Determine y1 and yz. (CLO3, C4)
(12 marks)
ii. Construct the OC curve. (CLQ3, C4)
(4 marks)

(b) A supplier ships a component in lots of size N = 3,000. The AQL has been established
for this product at 1%. Determine the normal and tightened single-sampling plans for
this situation from MIL STD 105E, assuming that general inspection level Il is
appropriate. (CLO3, C4)

(4 marks)
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SECTION B (Total: 60 marks)

INSTRUCTION: Answer THREE questions ONLY.

Please use the answer booklet provided.

Question 3

CONFIDENTIAL

A hospital emergency department is monitoring the time required to admit a patient using X

and R charts. Table 2 presents summary data for 20 subgroups of two patients each (time is

in minutes).
Table 2: Hospital Admission Time Data
Subgroup X, R; Subgroup X, R;
1 8.3 2 14 8.8 8
2 8.1 3 12 9.1 ]
3 7.9 1 13 5.9 3
4 6.3 5 14 9.0 6
5 8.5 3 15 6.4 3
6 7.5 4 16 7.3 3
7 8.0 3 17 5.3 2
8 7.4 2 18 7.6 4
9 6.4 2 19 8.1 3
10 75 4 20 8.0 2
(a) Given X = 7.57 and R = 3.15, determine the control limits for the X and R control charts
for this patient admitting process. (CLLO1, C3)
(9 marks)

(b) Based on the answer in (a), construct the X and R control charts. (CLO1, C3)

CRB30203
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Question 4

The data in Table 3 represent the number of nonconformities per 1,000 meters in telephone

cable.

Table 3: Nonconformities per 1,000 meters in telephone cable

Sample Number of Sample Number of
Number Nonconformities Number Nonconformities

1 1.0 12 6.0

Z 1.0 13 9.0

3 3.0 14 11.0

4 7.0 15 150

5 8.0 16 8.0

6 10.0 17 3.0

7 5.0 18 6.0

8 13.0 19 7.0

9 0.0 20 4.0

10 19.0 21 9.0

11 24.0 22 20.0

(a) Construct a c-chart to conclude whether the process is in statistical control. (CL.O1, C3)
(14 marks)

(b) Recommend the control procedure for future production. (CLO1. C3)

(6 marks)

Question 5

Bath concentrations are measured hourly in a chemical process. Data (in ppm) for the last 24

hours are shown in Table 4. The process target is pp = 175 ppm and the standard deviation,

o = 25.44. (CLO2. C3) (Chapter 5)

CRB30203 QA & QC IN CHEMICAL ENGINEERING Page 5 of 8



OCTOBER 2025 CONFIDENTIAL

Table 4: Bath concentrations of a chemical process and some information for tabular CUSUM

Sample | Temperature, X; | Xi— (Mo * K) + C(i.1) | (Ho— K) — Xi + Cin)
1 160.0 -19.2 10.8
2 158.0 -21.2 23.6
3 150.0 -29.2 44.3
4 151.0 082 C.
5 153.0 -26.2 81.9
6 154.0 -25.2 98.7
7 158.0 -21.2 111.4
8 162.0 Ci 120.2
9 186.0 6.8 105.0
10 195.0 226 80.8
11 179.0 22.3 72,6
12 184.0 27.1 59.3
13 175.0 22.9 Gha
14 192.0 Cis 33.9
15 186.0 42.4 18.7
16 197.0 60.2 -7.5
17 190.0 1.0 -19.2
18 189.0 80.8 -18.2
19 185.0 86.6 -14.2

20 182.0 89.3 -11.2
21 181.0 91.1 -10.2
22 180.0 91:9 -9.2
23 183.0 a5.7 -12.2
24 186.0 102.5 -15.2

(a) Calculate Cg*, C14", C4” and Ci3™ using standardised values h = 3.34 and k = 0.75.

(10 marks)

(b) Set up a tabular CUSUM for this process.
(8 marks)

(c) Interpret the tabular CUSUM chart in (b).
(2 marks)

CRB30203 QA & QC IN CHEMICAL ENGINEERING Page 6 of 8



OCTOBER 2025

Question 6

CONFIDENTIAL

Table 5 presents data on the cycle time (in hours) to process small loan applications. Some

of the EWMA values, including the upper control limit (UCL) and lower control limit (LCL), were
presented in the table. (C1.O2, C3)

Table 5: Cycle time (in hours) to process small loan applications and some EWMA data

Sample | Cycle Time (hr) | EWMA, z UCL LCL
1 16.3 17.7 UCL, 16.318
2 19.1 17.9 20.154 LCL,
3 22.0 18.8 20.408 15.592
4 10.6 17.1 20.557 15.443
5 19.3 17.6 20.649 15.851
6 1716 17.6 20.705 15.295
7 16.4 17.3 20.741 15.259
8 19.6 17.8 20.764 15.236
9 16.3 17.5 20.778 15.222
10 18.5 17T 20.787 15:213
14 14.7 17.:1 20.793 15.207
12 18.1 EWMA, 20.797 15.203
13 14.6 16.8 20.799 15.201
14 172 16.8 20.801 15.199
15 18.2 17.1 20.802 15.198
16 17:5 17:2 20.802 15.198
17 19.3 17.6 20.803 15.197
18 183 178 UcL. 15.197
19 18.0 EWMA, 20.803 15.197
20 19.6 18.2 20.803 LCL.

(a) Calculate EWMA+, EWMA;, UCL4, UCL3, LCLs and LCL, with A = 0.2, po = 18 hours, L
=29andc=209.

(b) Set up an EWMA control chart.

CRB30203
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(c) Interpret the EWMA chart in (b).
(2 marks)

END OF EXAMINATION PAPER
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Tabular CUSUM

Ci" = max [0,x — (4o + K) + Ct,]
G = max [0.(p — K) — % + €]
€y =&, =4

t = o + b0

EWMA
zi=Ax;+ (1= z;_,

Zyp = Mo

UCL: po + Lo Amlwlmv [1-(1-—2)2]

2 .
LCL: pty - Lo ANI:L [1— (1 — 2]

Standardised CUSUM
Cr =max[0,y; —k + Ct,]

Ci =max[0,—k —y; + C_,]

y =L
k a
CF =67 =1
K=ko
H=ho
. ol
o tnut+q_~«+2+ h
T GLF
fc=p—ok———>-h

Single Sampling for Attributes (OC Curve)

8 !
P,=P{d<c}= Minnﬁ — p)t
d=0
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Special Inspection Levels

Lot or Batch Size S-1

S-2

S-3

S-4

General Inspection Levels

II

I

2t0 8
9to 15
16 to 25
26 to 50
51 to 90
91 to 150
151 to 280
281 to 500
501 to 1,200
1,201 to 3,200
3,201 to 10,000
10,001 to 35,000
35,001 to 150,000
150,001 to 500,000
500,001 and over
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Master Table for Tightened Inspection for Single Sampling (U.S. Dept. of Defense MIL STD 105E, Table 11-B)

Sample Acceptable Quality Levels (tightened inspection)
Size |Ssmple
Code | Size | 0010 | 0015 [ 0.025 | 0040 | 0.065| 0.10 | 0.15 ]| 025 | 040 | 065 | 1.0 [ 1.5 | 25 40 | 65 10 15 25 40 65 100 | 150 | 250 | 400 | 650 | 1000
Letter
Ac RelAc Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Re]Ac Re|Ac RelAc Re|Ac RelAc RejAc Re{Ac Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Re]Ac Re]Ac Re|Ac Re|Ac Re| Ac Re
—= == — — e = —t 1
A 2 J ] j ] @ @_wuuuaumme:_u;sﬁ:
B 3 0 1 t 212 3|3 4|5 68 9|12 13|18 19|27 28[41 42
C 5 0 1 _uuuuauamm;_u;_euqumﬁau\/
D 8 7
i B 8 W et e e Rl e Bl
- <™ J\/
20 01 1 212 3|3 415 6/8 9{12 13}18 19
G 32 o 1 [] 1 212 313 4|5 6/ 8 9f12 13[18_19]"™
H 50 m/\_‘ xuuwauamfn_u;_e\/
/\ﬁ "4 LI w < 8.0
J 80 0 1 < 1 2012 3|3 4|5 6{8 9|12 13|18 19
K 125 01 2 3 1 <
e < b 1 2 313 4,5 6 9112 13 wm\l_re
L | 200 /Vo_ 1 2)2 3|13 4|5 6|8 9liz 13)18 19
M 315 ~.~|0 1 17212 3|3 4|5 6|8 912 13|18 19
N 500 | e LIl 2(2 3{3 4|5 6[8 912 11]I18_19
P 800 /\f 01 h I 212 313 45 6|8 9}12 13{18 19
Q | 1250 [=_~|0 1 1 212 3|3 4|5 6/8 912 13{18 19
xugo._ou_nnwu.uame_u_u_msw SANENE eSS SR WA G AN S
s | 3150 12

@ = Use first sampling plan below arrow. If sample size equals, or exceeds, lot or batch size, do 100% inspection.
L = Usefirn sampling plan above arrow.
Ac = Acceptance number.

Re = Rejection number.
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