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PAPER 3

Module 3P4: OPERATIONS MANAGEMENT

Module 3P5: INDUSTRIAL ENGINEERING

Answer all questions from Sections A and B.

Answers to sections A and B must appear in two separate booklets.
All questions carry the same number of marks.

The approximate percentage of marks allocated to each part of a question is
indicated in the right margin.
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SECTION A

1 (@) Describe, giving examples, three approaches for matching capacity and
demand in the intermediate term. [30%]

(b) There are three companies who supply the following quantities of coal, and
three consumers who require coal as follows:

Suppliers Consumers
Supplier 1 14 tons Consumer A 6 tons
Supplier 2 12 tons Consumer B 10 tons
Supplier 3 5 tons Consumer C 15 tons

The cost matrix is as shown below.

Consumer A Consumer B Consumer C

Supplier 1 6 8 4
Supplier 2 4 9 3
Supplier 3 1 2 6
Find the schedule of a transportation policy which minimises the cost. [50%]

(c)  Why might methods to solve distribution problems sometimes fail to identify
the optimal solution? Explain how these failures can be avoided. [20%]
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2 (@ The Economic Order Quantity (EOQ) model has been criticised due to its
‘unrealistic’ assumptions. Outline ways in which the various assumptions of EOQ are not
matched by reality. To what extent is the validity of the EOQ model affected by these
issues? [25%]

(b) You are the operations manager at Complete Packaging Services (CPS), a
packaging manufacturer based in Cambridge. CPS produces folding cartons (e.g. for
frozen food and cereal) for a wide range of customers within the food industry, including
the UK’s leading supermarket chains. Part of your job as operations manager is to
purchase paperboard for use in the production facility. CPS uses 1,500 rolls of paperboard
per year in its printing processes. The order cost is £75 per order; and the holding cost is
1% per month of the purchase cost of £500 per roll. The facility operates for 50 weeks per
year, and lead time from the supplier is 1.5 weeks.

(i)  How many rolls of paperboard should you order at one time? What is the
reorder point? [20%]

(i)  What would be the change in total annual cost if CPS had storage space
for only 50 rolls of paperboard, and thus was forced to use an order quantity of

50? [15%]

(c) Discuss, with examples, the key differences between fixed-order quantity and
fixed-time period ordering systems. [209%]

(d) Discuss how the application of the basic EOQ model might be altered in order
to reflect quantity discounts? [20%]

(TURN OVER
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SECTION B

3 (@) Define manufacturing strategy. Why is it essential to understand the
manufacturing strategy of a company before applying industrial engineering techniques to
the redesign of a production system? [10%)]

(b) Describe the principles of motion economy that relate to the use of the human
body. [15%]

(c) Describe the ‘5S” framework, and explain its use, in the context of Lean
Production. [15%]

(d) Why are standard times necessary in manufacturing operations? An engineer
times an operation and observes that it takes 1 minute. He estimates the workers rating at
110 on the BSI scale. He assesses the fixed allowances at 10%, and the variable
allowances also at 10%. There are no contingencies for extra work. Calculate the
standard time for the operation. [15%)]

(e) Discuss the benefits of Predetermined Motion Time Systems compared to
other methods of work measurement. [10%]

(H  Anactivity sampling study is required to determine the utilisation of a crane to
an accuracy of +/- 5%, with 90% confidence. A pilot study shows the utilisation to be
around 70%. How many observations should be planned for the study? [10%)]

(9) Interpret the following control chart, explaining whether or not the process is
in control. Give any recommendations for action. [10%]

Xl

LCL

(J) Explain Juran’s Cost of Quality Model. Contrast with Taguchi’s Loss to
Society notion. [15%)]
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4 (@) Describe the stages of Systematic Layout Planning (R. Muther), clearly stating
the objectives of each stage, and identifying the tools used. [30%]

(b) Discuss how ergonomic considerations of the following factors influence the
design of factories:

(1)  the visual environment;
(if)  the auditory environment and noise;
(iii) the climate. [35%)]
(c) A worker operates a machine in an environment with a background noise of 83
dBA. The machine produces an additional noise, also of 83dBA. What is the maximum
length of time the worker could operate the machine to ensure the daily personal noise

exposure level does not exceed 85dBA?

Describe three different approaches that could be taken to allow the worker to operate the
machine for a full 8 hour shift. [35%)]

END OF PAPER
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MET 1 3P5 Data Sheet

Energy expenditure
The recommended maximum for mean energy expenditure over 8 hour shift is 5 kcal/min for males, 4
kcal/min for females.

Noise
Sound intensity, sound pressure level (SPL or L, ) is measured in dB, relative to a reference pressure.
Pt = 20 pPa (rms).

2
L, = 10log;, (%) = 20log,q (p"'“> dB,

ref ref

The Control of Noise at Work regulations are based on the daily personal noise exposure level, that
corresponds to an average SPL over an 8 hour shift.

SPL average= 10 |og10{ 1/.|.0 ZTi(loo-lsF’H)} Where: T, is the time at SPL, and T, is 8 hours

For daily personal noise exposure level above 80dBA, hearing protection must be available on request,
above 85dBA it must be used.

Light

Luminous intensity : candela (cd). The base SI unit. The candela is the luminous intensity, in a given
direction, of a source that emits monochromatic radiation of frequency 540 x 10'? hertz and that has
a radiant intensity in that direction of ¢, watt per steradian .

Luminous flux, measured in lumens . 1 lumen (Im) =1 cd.sr

[lluminance - luminous flux shining per unit area on a surface, measured in lux.
1 lux (Ix) = 1 Im.m™

Luminance(L) measures the amount of light reflected from a surface Units: cd. m™.

Luminance(L) = Illuminance (E). Reflectance (R)/ &t

Visual acuity - capability to discriminate small objects or fine details. VA = 1/¢, where ¢, is measured in
arc min. Normal Vision VA=I.

Weber Contrast is expressed by the ratio (L pecLiackground)’ Lbackground



Learning Curves

Learning Curves have the form y = kx™

y = time/unit, K = constant representing the value of the time for the first work cycle,

X = number of work units completed , m = a constant related to the rate of learning. (Note m is negative)

Statistical Process Control

Sample X-bar Charts R Charts
Size =n A, As d, D3 D,
2 1.880 2.659 1.128 0 3.267
3 1.023 1.954 1.693 0 2.574
4 0.729 1.628 2.059 0 2.282
5 0.577 1.427 2.326 0 2.114
6 0.483 1.287 2.534 0 2.004
7 0.419 1.182 2.704 || 0.076 1.924
8 0.373 1.099 2.847 | 0.136 1.864
9 0.337 1.032 2.970 | 0.184 1.816
10 0.308 0.975 3.078 | 0.223 1.777
X-bar chart R chart
UCL =X+ AT UCL = D47
CL= CL=r

X
LCL=X—AyF LCL = Dsr



THE CUMULATIVE NORMAL DISTRIBUTION FUNCTION

o 2
D(u) = ——\ ¢ Tdz ror 0:00<u<490.
V2r

] -00 01 -02 ‘03 04 -05 -06 07 -08 -09

0 *5000 *5040 *5080 5120 5160 5199 5239  °5279 5319 5359

" 5398 5438 5478 5517 ‘5557 5596  -5636 5675 5714 5753

2 5793 5832 5871 5910 5048 5087 6026 6064 -6103 6141

3. 6179 6217 -b255 -6293 6331 6368 6406 6443 ‘6480 6517

4 6554 ‘6591 6628 6664 6700 6736 6772 6808 ‘6844 -6879

8 6915 6950 6985  -7019  -7054 7088  -7123 7157 7190 ‘7224

6 7257 7291 ‘7324 ‘7357 ‘7389 7422 ‘7454 7486 7517 7549

o/ 7580 7611 7642 7673 7703 ‘7734 7764 7794 7823 7852

-8 7881 7910 7039 7967 7995 8023 8051 8078 -8106 -8133

‘9 -8159 -8186 8212 -8238 8264 -8289 8315 -8340 -8365 -8389

1-0 -8413 -8438 8461 -8485 8508 -8531 8554 -8577 -8599 8621

11 -8643 -8665 -8686 -8708 -8729 -8749 8770 -8790 -8810 -8830

12 8849 -8869 -8888 -8go7 8925 ‘8944 8962 8980 -8997 Q0147
I3 | -9o320 90490  -gob58  -go824  -gog88 ‘QII49 91309 -9I466 -91621I  -91774
I4 | -9I924 -92073 Q2220 -92364  -92507 92647 ‘92785 -92922  -93056 ‘93189
I'5 ‘03319 ‘93448 93574 ‘93699 -93822 ‘93943 94062 ‘94179 ‘94295 - "94408
16 ‘94520 94630 94738  -94845 ‘94950 95053 95154 ‘05254 95352 95449
17 ‘95543 95637 95728 95818  -95907 ‘95994 96080  -96164 96246 ..-96327
18 | -gb407 96485 -g6562 96638 96712 96784 -g6856 96926 -9bg95 97062
19 97128  -97193 ‘97257 ‘97320 97381 97441  -97500 97558 97615 ‘97670
20 ‘97725 97778 97831 -97882  -97932 97982  -98030 -gB8o77 -981z4 -9Bibg
21 98214 -g8257 -98300 98341 98382 -98422 98461 -g8500 98537  -98574
22 98610  -98645 98679 98713 98745 98778 -98809 98840 -98870  -98899
23 98928 -g8956 'g8g83  -g*oog7 920358  -g0613 9?0863 -Q*1106 9?1344 °9*I576
2:4 9?1802 -Q?2024 -Q?2240 -Q*245I -9*2656  -9*2857 -9?3053 9?3244 -9*343T 9?3013
25 9?3790 -Q*3963 ‘9?4132 Q%4297 9?4457  '9*4614 ‘9?4766 9?4915 9?5060 -9*520I
2:6 9?5339 -0*5473 9?5604 -9*5731 ‘9?5855 ‘9?5075 -9*6093 -9*6207 -9?6319 -9*6427
27 9?6533 -9?6636 -g*6736 -9*6833 -9*6928  -9?7020 -g?7110 -g*7197 ‘9?7282 -¢*7365
28 ‘927445 ‘9*7523 °'9*7599 9?7673 '9*7744 9?7814 -9*7882 -9?7948 -g*8o1z -9*8074
29 928134 9?8193 -9?8250 9?8305 -9*8359  -9*84r1 -g*8462 -9?8511 -g*8559 9?8605
30 .g28650 928604 -9*8736 -9?*8777 9?8817  -9?8856 -9?8893 -9?89g30 -9*8965 -9*8999
3I 9*0324 -9*0646 -90957 9’1260 -9?1553 9?1836 -giz112 932378 932636 932886
32 933129 ‘933363 -9°3500 933810 ‘934024 ‘94230 -9°4429 9’4623 -9?4810 -9P4991
33 95166 ‘935335 ‘95499 ‘9?5658 95811  -9'5959 -g?6103 936242 -926376 916505
34 | 936631 ‘936752 936869 -93698z -Q37001 ‘9?7197 97299 °9*7398 -9*7493 9’7585
35 937674 ‘937759 -9*7842 ‘937922 937999 9’8074 -9*8146 -g3B215 938282 98347
36 .9*8409 -g38469 -g?8527 -g38583 938637 98689 -9*8739 -98787 928834 -9°8879
37 -g38922 -g*89g64 -g*0039 -g*0426 -g*o799  -9*1158 -g*1504 -9*1838 -g*2159 -g* 2468
38 | -g¢2765 -9*3052 -0*3327 '9*3503 -9*3848  9%4004 °9*4331 -9*4558 -9*4777 944988
39 | -9*sigo -9*5385 -9*5573 -9*5753 '9*5926  '9*6092 96253 -9*6406 -9*6554 -*6696
40 .g*6833 946964 -9*7090 -9*72IT -Q*7327  '9*7439 9*7546 -9*7649 -9*7748 947843
41 .9*7034 -9*8022 -g*8106 -g*8186 -g*8263  -9*8338 -9*8409 -9*8477 -9*8542 948605
4 .g+8665 -9*8723 -9*8778 -9*8832 -9*8882  -g*8931 -9*8978 -g0226 -9s0655 -9*1060
43 .931460 -Q51837 -952199 ‘952545 92876 953193 -953497 -9°3788 9540006 954332
44 984587 054831 -055065 -935288 -gs5502 ‘985706 955902 -9s608g 956268 976439
45 .gs6602 936759 956908 -gs705I 937187 957318 957442 -937561 937675 -9°7784
46 957888 957987 -9s8081 -9s817z 938258 98340 938419 938494 958566 -958634
47 958699 958761 -g588z2r -gs8877 958931 958083 -gf0320 -gf0789 -gb1235 -5 1661
48 982067 952453 -gt2822 983173 -9°3508  9°3827 -9°4131 -9°4420 -9°4696 -9°4958
49 65208 -9®5446 -g85673 -Q°5889 -gs60g4 986289 986475 986652 -966821 -g°6Q8I

Example: @(3:57) = -9°8215 = 0-9998215.



FRACTILES OF THE ¢ DISTRIBUTION. {,_p = —ip.

& PROBABILITY IN PER CENT
Py e aer S9N % L i we 99 999
1 325 727  1-376 3-078 6-314 1271 31-82 6366 3183 636-6
2 289 617 1-061 1-886 2:920 4303 6-965 9925 2233 31:60
3 {207 584 978 1:638 2:353 3-182 4541 5841  10°22 1294
4., 271 569 94r 1533 2132 2776 3747 4604 7173 8010
5 267 559 920  I'476 2015 2571 3365 403z 5893 6859
6 265  '553 906 1440 1943 2447 3143 3707 5208 5959
7 263 549 896 1415 1805 2:365 2998 3499 4785 5405
8 262 546 889 1:397 1-860 2-300 2-896 3-355 4+501 5041
9 -261 ‘543 -883 1-383 1-833 2-262 2-821 3-250 4297 4781
10 -260 ‘542 879 1372 1-812 2-228 2:764 3-1609 4144 4-587
11 -260 *540 -876 1-363 1-796 2201 2718 3100 4025 4437
12 259 ‘530 873 1-356 1-782 2-179 2'681 3:055 3'930 4-318
13 -259 538 870 1-350 1-771 2-160 2:650 3-012 3-852 4-221
14 258 537 868 1345 1761 2:145 2624 2977 3787 4140
15 258 536 866 1341 1753 2:131 2602 2:947 3733 4073
16 258 535 865 1:337 1746 2-120 2:583 2:921 3-686 4°015
17 257 ‘53¢ 863 1333 1740 2:110 2567 2898 3646  3-905
18 257 ‘534 862 1:330 1:734 2-101 2:552 2:878 3611 3'922
19 257 533 861 1-328 1-729 2-003 2'539 2-861 3'579 3-883
20 257 533 860 1:325 1-725 2-086 2528 2-845 3552 3-850
21 257 ° 532 -859 1-323 1-721 2-080 2-518 2-831 3:527 3-819
22 256 532 -858 1-32I 1:717 2-074 2508 2-819 3:505 3792
23 256 532 -858 1319 1714 2+0069 2500 2-807 3485 3767
24 256 531 857 1318 1711 2064 2492 2797 3467 3745
25 256 531 -856 1-316 1-708 2-060 2-485 2787 3450 3725
26 256 531 856 1315 1706 2:056 2479 2779 3435 3707
27 256 531 -8s55 1-314 1703 2052 2:473 2971 3421 3-bgo
28 -256 530 855 1'313 1-701 2:048 2:467 2763 3408 3674
29 256 530 ‘854 r3ir 1699 2045 2462 2756 3396  3.659
30 256 530 854 1310 1697 2042 2457 2750 3385 3646
40 ‘255 529 851 1:303 1-684 2:021 2423 2704 3:307 3'551
50 255 528 849 1-298 1-676 " 2:009 2:403 2-678 3-262 3495
60 ‘254 527 -848 1-296 1-671 2+000 2:390 2:660 3232 3-460
80 254 527 846 1292 1604 990 2:374 2639 37195 3415
100 254 526 845 1-290 1-660 1-984 2:365 2-626 3174 3-389
200 254 525 843 1:286 1653 1-972 2:345 2601 3131 3'339
500 253 525 842 1-283 1648 1-965 2:334 2-586 3-106 3:310
oo 253 ‘524 842 1-282 1645 1-9gb0 2-326 2576 3-090 3-291
2(1-P) | 8o 60 40 20 10 5 2 1 02 oI

The greater

Example: P{t < 2:086} = 97:5%, for f = 20.
P{|t| > tp} = 2(1—P). P{jt| > 2:086} = 5% for f = 20.

part of this table is reproduced from Table III of R. A. FisuEn and F. YaTes: Stalistical Tables,
Oliver and Boyd, Edinburgh, by permission ol the authors and the publishers.
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