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ABSTRACT

The implementation of Manufacturing Resource Planning systems

in tubemsills reguires that twe mafor criteria be addressed:

« the production-icventory system cansists of 2 Cosbination of i
troe aperations ubieh hove to be i

seni~continusus ana tatch

coordinated, and
- the milts have long ehangeover tines resulting in the need

to have cost effective production lot sizes.

The purposs of this repart is to describ
- ways in whieh standard TBN MAPICS softuare was used to provide

the besic business controls 9n production and stacks and the

speciat probleans encountered,
- the developmeat uf & lot sizing technbave specifically for

the tube milling environment, 3ad
- the influence of the human fattar on the implementaticn tasks.

Sisulations carried out on an 16K PC-XT indicate that the Lot
sizing technique yletds potential savings of 18,2% on stocking
treplenizument, carrying and shortage) costs. Furthecmore, they
shou that reductions in mill setup times can fncresse these

savings to in excess of SO%.
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1 INTRODUCTION

Increased competitiveness in the tube rolling sector and a i
shift towards supply side economics prompted top mansgement :
to provide high customer Service levels while at the same |
tine keoping raw moterisl, work in progress snd finished
go0ds stocks to s minimum. There was Yhus an inherent
exposure to Lost opportunity costs and careful planning and
control of manufscturing speraticns was nseded to reconcile

819 eventually solve this appar-nt conflict between
manufacturing and marketing objectives.

With the emphasis on "return on asaets menaged” os the key P
measure of the company’s Rerformance the menner in which

productive caparity was utilised reauired intensive

investigation. The informal systems and methods fn plate were

not sufficient to respond to the dynamic situation that was

being created. !

1.1 Key Objectives and Scope of Work

The purpose ot this report is to §llustrate an approach,

partially implemented in pracrice, to solving the dilemma,
and to present the logis snd results of reseorch wark carried
ut on the problea of detarmining production Lot sizes for
the tube rolling mills 2t the plant on which this vork is
based.
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The plant is 2 nroducer of continuous sean weided steel
tubing, seme of which undergoss further processing

sueh as flanging, stub-ending, screwing and socketing,
galvsnising or coating, See APPENDIX 4 for a more detailed

explanation of the milling operatfan.

1.1.1 Prinary Objective

& foreal "business case™ was drawn up for the project in
which a clear overall objective was presented:

“To introduce a workable, simple and effective system of
planned production and materials control by 28th Fewruary,
1985 5o that the necessary management and technical functions
of sates/marketing, production and financa sre integrated in
a common, dyaanic manufacturing resource planning system so
25 to costribute to the srowth and mrofitability of the

sompany .
1.1.2 Prinary performance heasure

was the projected impact the
ASSETS NANAGED on the basis
TAX fe. €BIT ROAN. The

The prinary performance measure
project would have on RETURN OW
of EARNINGS BEFORE INTEREST AND
financial definition of ROAM is 35 follows:

AOANM = ASSET TURNOVER (ATO) X RETURN DN SALES (ROS)

where

ATO = SALES / TOTAL ASSETS, and
ROS = EARNINGS GEFORE INTEREST AND TAY (E81T) / SALES



o

The plant 1s a producer of continuous sean welded steel
tubing, some of which undergoes further processing

such a3 flanging, stub-ending, scrsuing and socketing,
galvanising ar coating. See APPENDIX A for a more detailed

explanazion of the miliing operation.
1.1.1 Peimary Objective

A formsl "business tase was draun up for the project in
L objective was presented:

which 3 clear oves

"To introduce @ worksble, sinple and effective system of
planned production and materials control by 28th February,
1985 so that the necessary managenent and technical functions
of sales/aarketing, production and finance sre integrated in
a common, dynamic menufocturing resource planning system so
25 to contribute to the growth and profitability of the

company. "
1.1.2 Peinary Performance Measure

was the projected impact the
ASSETS MANAGED on the basis
TAX fe. EBLT ROAM. The

The primsry performance measure
project would have on RETURN ON
of EARNINGS BEFURE INTEREST AND
financial definition of ROAN ix 33 follows:

ROAB = ASSET TURNOVER (ATO) X RETURN ON SALES (ROS)

whers

ATO = SALES / TOTAL ASSETS, and
ROS = EARNINGS BEFORE INTEREST AND TAX (EBIT) / SALES
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The ROAM model's usefutness 83 3 company performance messure |
b3 by wictue of fts absaluteness. It focuses on sssets anly, )
can be put to good vss in dsteraining high return sssers i
(Sncluding stock), aress with large potentisl and aress with !
e oy e —— X

!

The HRP 11 database was to provide essential information to
the nodel, a5 wetl as a "what 1f' cupability to test
sltecnste strategies. Arsss of direct Jopsct are: i
C
~ sates: inproved operational efficiency snd better customer i
service, |
- stocks: reduced, more balanced and more atcurate, snd i
- EBIT: lower production costs,

The target was set at 3 ROAW improvement of 13X. This related ;
to s R1 000 00D reduction in stockholding on spproximately
R15 000 000 2nd a 3% incresse in sales. !

1.1.3 scope of Work

18M's MAPICS softusre ing, Aczounting,
i as » basts for the

fom B shortlist of
an on the existing 18K

Informstion Control System) uas s
faplementation, The selection
three standard packages, sil of
Systen /34, Llater upgraded to & Sy- .0 /36,




The ROAK model's usefulness as & company performance measure
{5 by virtue of its absoluteness, It focuses on assets only,
and Aot on borrowings or fimancial structure. Thus, the model
can be put to good wse in dotermining Bigh return sssets
Cincluding stock), areas with targe potential and areas with
the greatest impact an growth and profitability.

The HRP 11 database was to provide essential infarmstian to
the model, as well as a “what 1f" capability to test
atternsce strategies. Areas of direct impact are:

- seles: fmproved operationat efficiency and better customer
service,

- stocks: reduced, more balanced snd more nccurste, and

~ EBIT: Lover productian costs.

The target wss set 3t a ROAM ivorovement of 13%. This retates
to a R 000 000 reduction in i » :holding on approximately
R15 D00 00D and a 3% fncrease $n sales.

1.1.3 scope of Work

I8H's HAPICS software (Manufacturing, Accounting, Production
Information Control System) uas selected 25 3 basis for the
inplementation. The selection vas msde from a shorelist of
theee standard packages, sll of which ran on the existing 18
System /34, later upgroded to s System /36,




The standard medules Which were chosen for implementation r i
A were:

|
-~ Product Data Management i

- Foracasting
- Mester Production Scheduling snd Matsrsal Reauirements /
. Pramning J
- - Capacity Reauirmments Planning

-~ order €ntry and Invoiciag |
- purchasing

E - Genersl Ledger ;
. - vebtors P
- creditors {

Altbough stanc. ! business control softwsre was selectsd for :
the task severas mejor peculfsrities vere identified in the :

nature of the menufacturing process. The major part of thix
report desls with discussions of thess snd the prerequisite :

development vors which they gensrotes

1.2 An tndustey Perspective

Steel tubing f5, In general, an umai.f:rentiated product in
the merketplace, Furthermore, the tdcu market is not large
. enough to ensure Leng production runs ot a particulsr size,
nt, Low cost production, Although

. which are needed for effici
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the larger producers have found market niches where this is
possible these cases are very much the exception.

Some agaressive marketing by most cospanies has resuited in
s substantial export drive which has brought some relief to

2 sector plagued with excess capacity. However, order
sizes have been erratic. A strong :

quantities foe individual
United States has forced the

industry detegatian in the
tmposirion of a "Voluntary Restraiut Agreewent” Liniting ond |

apportioning the steel imports tu that cowntry. As 5 resuly,
ven with the gencrous export incentives that have been
erested, activity bes been curtaited someuhat. :

As the standard prodvct market bscomes sat.rated, smarket
segregation 1s nceuring, with the introduction af options i

(such as speciul mining products).

In view of the situation, the company hes adopted s strategy
of accepting & veriety of orders, for standard and spesisl
products, and tor Large or small quantities. This has crested
2 vers distinct reauirement for flexibitity on the
manufacturing facility. The pressuce for diversity sontributes’
substantially to short productisn rums uith nssosiated high

setup costs per unit.

The strategy required for establishing s favourable market
equitibrius while meeting the demand for special froducts
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without overstapping econonic constraints requires a suitable
manufacturing strategy and o correspondingly suitabie

planning and control system.

,1
The formutation of these stratzgies involves careful studia ‘l
2t production costs, quality and customer service, which are H i
ail of prim:ry importance in the undiffersatistes tuse H
sactor, Hovever, froa the point of view of our pecformance
measure, ROAR, the productivity focus needs to be on
materials since these constitute 85% to 90% of the total cost

of manufacture.

The imglicatians of this statenent are vital and far-reaching.
targe scrap perceniages, large ovevruns, high stock Levels |
and wost other asterral related crivsris are of prime

These are dirsctly retated to the uork contzined in

concera.
the remainder of this report,

1.3 The Case History in Retrospect

The sovere rocession which was the nver present backdrop to
aUL the devalapment work created an unequaiied ers of
turbulence in the company's history. Seven months after the
WRP 1T project wes officislly approved, the company was teken
over by one of two giants in the sector, who, at the time,
shared 70% of the steel tube market. (he period which
intense rationalisation und merging of

fotloued wap one of
The suthor

productive capacity end adainistrative rasources.
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St1LE hes doubt as to whether the centralisation stroteay was
the corcect ane, in view of the fact that the company was
fnaking profits substantially sbove those of most others in
the sestar, including the take-over company. The resultant
Lass of key personnel will remain an enduring lesson even
atehough the relative effect of tha economics of scale
resulting from the coshining of plant and resources will

#5LL never be fully known. Decisions to conbine were taken at
» time when there were, and coRtinue to be,
Gecentralise, and to reduce the size of business units.)

trong moves to

A year after the project vas approved, a further corporate
Level taksover of the buying company’s hulding company led to
even further uncsrtainty as to futurs changes, aithough it
was tonsidered unlikely that these would affect operations.

As & result of these occurences, the enly areas into which
major in-rosds were made were those of regulating the stock
debacte which existed, and cleaning up related systems and
procedures. The fmportant points are described in chapter 2,
entitled "Systems Oevelopment”. These occured largely in the
tirst & months of activity. After the takeover, developmeat
work an Aroduction planning and control systens was Linited
to a tow key, parallel pilot project, With all accounting
sub-systems having befng centralised. Importsnt posnts are

tikewise covered in chapter 2.

evelopnent work on Lot 3izing techniques coversd in chapter
3 wes carried out indepondently tater and although the




general operating principles of the tube mill are called on
fn developing the argument: contained therein, none of the
findings have been implesented or tested in practice.

The chapter on “The Kuman factor® has been included because
of the vast dnsight gained during the varinus stages of the
inpLementation, into different managerial technigues which
were employed by the two camps. This discussion will not be 2
comparison of the camps themselves, but will extract and
present general lessons Learned from both, in the hope that
a contribution can be made to the theory of the
inplementation of computerised business systems fn general.

1.4 Literature Survey

The theory and practice of the implementation of computerised
MRP II systems is abundantly documented. To List atl
publications uhich have had any bearing on the work dane
would be onerous. However, all the signiticantly innovative
e inspired as a direct result of an

sections of work dane
intensive search for answers to specific problews whith,
slthough directly related to tube roliing, wers not
necessarily unigque in natuee,

A search through the AWSAR abstracts and ndices of the
JOURNAL OF MAWAGEPENT SCIENCES and INTERFACES, the




ENGINEERING IHDEX and the APICS BIBLIOGRAPHY yielded Little
which dealt with steel tube miils in particutar, or steel

rotling mills in general.

Use of the University's “an-line search facility” provided

significant Leads. Search srguments used were “stesl tube

aitts” and “production plsaning”. Publicatians of. interest,

found in various local Libraries, were as follows:

- tamamoto, E; Dhashi, ¥; Kize, K and Matsushita, W.

PRODUCTION CONTROL SYSTEM OF STEEL TUBE AND PIP
Sunitomo Search No. 24 Woy 1980 p154-163, Sumitomo Hetal

1ndustries Ltd, Kashima, lspan.

- Wsodall, 4 and Saunders, K.K. MOLIL BUILDING WITH
PARTICULAR REFERENCE TO THE USE OF PRODUCTIVE CAPACITY:
Joucnal of the Iron and Steet Institute, May 1970.

- Xonishi, K; Teukui, T; Seino, H; Kawsbats, S; Emomoto, ¥
and 182, W: CONSTRUCTION AND OPERATION OF NEW MEDIUM
DIARETER ELECTRIC RESISTANCE WELOED PIPE MILL: Hippan Kokan
Technicst Report, 1984.

Finally, reference to Peterson, R and Silver, E.A. DECISION
SYSTEMS FOR INVENTORY WANAGEMENT AND PRODUCTION PLANNING:
John Miley and Sons, 1970 Led to the following two
publications on which the major section of this report is
based viz. LOT SIZING TECHNIQUES:



“ Silver, Edward A., A CONTROL SYSTEN FOR COORDINATED
INVENTORY REPLENISHMENT: International Journal of
Praduction Research, 1974, vol.12, no.§, 647-671

- Thowpstone, R.N. and Silver E.4., A COORDINATED INVENTORY
COATROL SYSTEM FOR CONPOUHD POISSON DEMAND AND ZERO LEAD
TINE: International dournal of Production Research,
vol.13, no.6, 581-602.

For the sske of continuity the litee .« - lat sfzing
techniques will be discussed in chapy

Some of the publications found through the on-ling search
facility are particularly topical because of thair Japanese
origin, because of the ever incressing use of Japanese manu-
facturing techniques vorldyide. Predictably, these show &

pattarn of development which far surpasses that of the local

industry.

1he following 45 & susmary of the key peints of dilference:

« The basic items of plant are considerably more sutometed,
With protess control computers being used to control the
entire operation, from milling to the tinfshing line. In
Local plants these form two distinct and sepsrately planved
and controlied sestions. The dspsneae spproach resuits fn
incressed yield, vastly reduced work in progress levels
becsuse of the flow Line mature of their pravess, labour




savings, focused process control with immediste feedback and
action on any probles ares and high Levels of quality.

~ 0f critical fmportance is the fact that the sophistication
of the process control extends to changeovers, where a roll
ved in minutes,

change and resetting of the pracess is ach
with very little start-up serap. The connotations of this to
{UST 1N TINE techniques are obvious. However, “grouping” of
orders with the same production specifications fs still
carried out to “abtain the Largest manageable Lots in order
to fmprove work efficiencies at respective orocesses”.

- Because of the process control, Japanese mill outputs are
tar in excess of cosparsbly alzed mills (ocatly. (3000
tonnes/month here compared to 35000 tonnes/nonth in Japsal).

- Raw steel cail is made at the zeme facility thus
integrating the prosuction requirements. Hers again the "JUST
1N TINE" nature of the materist supply fs typically
Japanese. The materisl planning eycle starts with the
custoner order processing (done by the business control
computer) at Which point “instruction siips® (KANSAN cards?)
sre prepered with fnformatfon an the required billet
assortment to produce the necessary tube coils.

- Quality or pracess control is on=lins with semsors
monitoring continuously. opecators contral the process and
material flow by means of shop floor CRT's. Feedback of
acteal dats 15 continuausly cospared sgainst the plan.
Non-destructive tests are carried out s part of the pracess



and displayed on the CRT's.

- Informstion on warshouse storage (the tinai step in the
process) is automatically fed to the on-Line product shipuent
system to expedite shipping and packsging operatians.

- overruns are controlled by automatically aliocating items
to atternative orders. Where this is not possible products
are inmedfately placed under “surptus praduct wansgement" and
are monitored daily for possible allocation or alternatively,
they are placed on "inferior product® sheets for immediate
discounting and disposal,

Work fn progress stocks have been reduced by 44%, they olaim,
through the impreved WiP control and improved surplus mroduct
altocation since the fnstallation of their process contral

computer,

of significance fs FUTURE PROBLEMS AND PLANS. Here, they say:
“Thare still remains much to be exsmined with respect to
stock yard management and work scheduling system which has
ot bsen considered this time for the applicstion of »

business computer®.




2 SYSTEAS DEVELOPHENT

Prioe to the commencement of the projact some basis
computerised systems vera in place. Pradictably, these wers

o sophisticated, standalone General Ledger systes and two
sodules of IBK's WAPICS, viz. ORDER ENTRY AND INVOICING and
INVENTORY MANAGEWENT. The fact that these two basic MAPLCS
modules were running was one of the main reasons Sor the
decision to use NAPICS as the manufacturing control system.
Other reasons were the size of the WAPLES user bese inter-
natfonally and the strength of 1BM's suppart; both were seen
as crucially immortast criteria.

Apart from the Genersl Ledger application the computer
systems were 60t well managed. Data was plsgved with
inaccuracies and no formal systems and procedures uere fn
plece to support the fnformation systems.

1n perticular, stockkeeping is espscially difficult in the
tubemaking environment becouse:

- tiniting access to stores is virtually impossible with the
bigh production rates of tubes being milled,




- tubes of similar size ore often difficult to distinguish,
- the various metal grades sre fndistinguishable,

- the continuous shop floor activity is difficult to
controb.

Month end recanciliistions of stock values and avantities
vers sources of much frustration to the sccounting staff.
Daily administration of customer orders was done without any
reference to computer figures. Informal systens were
sbundant.

With these conditions prevailing it vas clear that tho
prerequisite to successful manufacturing control systems was
to entirely revomp the existing systems to the point where
only one vell menaged and integrated computer system Wwas used
to conduct business. For § years, various streams of

nagement teams hag tried in vain to bring the situation
under contral. Rapid growth had not made matters easier.

2.1 adninistrative Systems

The thearies expeunded by the Amerisan Production and
Inventary Control Socisty, Oliver.Wight, Joseph Orlicky,
George PLossl and various others were Used to good effect,
The followtng paragraphs describe the technigues used to
regulate the inventory debacle.
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Stock Classification and Broduction Lot Sizing

At this point the company was plagued with high stocks snd
there vas auch gressure on mansgesent to reduie
stockholding. It was thus imperative that a stopgap be
devised to Linit praduction runs of lov demsnd Ftems,
overruns, scrap and "off-spec” products.

The first step uas to produce a Pareto analysis of sli end
items, the basis for the classification being Rand value of
sales over the preceeding 12 months. Of the 3200 itens
contatned in the ITEM MASTER file it was found that only 724
had shown any sales activity guring this period. The ABC
spLit is shown in figure 1. The A iteas, which accounted for
80% of the sales numbered 160 Cis, 224); the A and B items
which accounted for 96,8% of sales anount numbersd 362 Cle.
50%). 1t thus follousd that controlling the retatively few A
and 6 items, 362 out of a total of over 3200, vould stabilize

the situation.

Furthermare, if these end items were to be reduced to their
“direst aff mill" designations fe. considering only the
paraneters of diameter, gauge and Length, irrespective of
tinish, then the number of items needing to be controlled
vauld be reduced to under 200,



50

PROPORTION OF END ITEMS

FIGURE 1: ACTUAL PLOT OF BARETO CURVE

The remeinder of the exercise led to the estatlishment of
catsgories of downgraded and slow~moving stock and
correspanding Lists of quantities on hand (suitably cycle
checked). These were the subjoct of an fatensive sales effort
to sell off this stock at discounted prices to selected areas
of the market where the assurance could be obtained that the
products vould nat be resold v prime tube.
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Since the products are of an undiffersntisted nature, using
sales value as 3 basis for the PARETO exercise is acceptable.
Gouever, having cstablished the 4,8 and C categories it was
necessary to review the balance in order to provide full
ranges of certain Lines of tubing to the marketplace, even
though Lot sizes would be small. In other cases it wos
possible to purchase these tubes from other suppliers rathir
then incurcing the penalties assoclated with short production
",

runs (ia, the idea was not to be a “hardware stor

& variety of daily “watchdog” management reports vere used to

monitoe progress.

Next was the development of a rough and ready Lot sizing
technique ta assist the planners in drawing up mitl rolling
eycles and determining the corresponding steel requirements
(raw materisi lead times were & to B ueeks).

Since mitl cycles (e the time between successive runs of
tubes of the same diameter and guage) were approximately 6
weeks demsnd figures for sfght § weekly periods vers
extracted for each “direct off mitl” ftem. Using this data
the average and mean absolute deviation (MAD) was calculated
for each ftem. Using statistical tables (Fi6.2) @ factor of
2 was used to determine the sefety stock required to give a
95% service level, The reorder level vas sat st:

SAFETY STOCK + AVERAGE DEMAND.




= [die s 3

SERVICE LEVEL SAFETY FACTOR USING
ORDER CYCLES W/O STOCKOUTY WEAN ASSOLUTE DEVIATION i
50,002 0,00 {
75,00% o84
. 80,005 1508
84,13% 1,25
8500% 1730 i
89483 1756 h
90,002 1780 {
93321 [
9400% 1795 |
4,522 2708 |
95,001 206 i
96,00% 2,39 |
97,00% 2,35
97.72¢ 250
28,00% 256 i
98,614 2075
L S9,008 291 ;

i FIGURE 2: TABLE OF SAFLTY FACTORS FOR NORMAL DISTRIBUTION

REQRDER
- LeveL
av. STOCK
LEVEL
- SATETY
| s70CK
HiLi, .
cycle Tine

FIGURE 3: GRAPH OF STOCK MOVENENT WITH TINE FOR AN ITEM

1%




Although this did not take into sccount varistions in cycle
Length it wss decided not to increase reorder levels any

further in order to keep stockhalding down. (See FIG.3).

Using SAFETY STOCK + 1/2 X AVERAGE DENAND as
stock on hand for each item 1n the regort (A
which accounted far 96,8% of soles value) it
the cunulative average stock value for these

the average

and B categories
was found that
stems was
aporoxinately 407 of the baok value at the time. This gave us
s 500d indication of what was achievable in terms of end item
stock reduction. (Figure 4 shows an extract from this
The value of Lot size shown minus the stock on
hand vas the quantity of tube to be produced).

report.

bocumented Procedures, Paperverk and Accountability

The task of developing departmental and functional procedures
which are formally documented and adhered to is as critical
a5 it is daunting. ALL computsrised systems have & basic
architecture which, if the system nas been correctly chasen
or destgned, will fit the general working patterns of the
orgenisation. However, this is only the first step to a happy
unfon. ‘Latest trends show a distinct movement sway from DF
departnents and DP data capture clerks tousrds management of
computer systems by the various disciplines within a

conpany.
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The fear of losing “central control® of tha data input snd
integrity which prevailed in instaliations in the past has
been replaced by 2 willingness of functional managers and
their staff to s cent accountability for and awnership of

theic date files.

The company subscribed totally to this end-user
participation. However, this brought with jt certain

prerequisites, viz:

- clear, genersl understanding of the concepts sround which
the softvare was designed and to which the users would have
to adhere,

-« specific training on the areac of application each person
Would be Snvolved with,

- understanding of the effscts which errors would propagate
elsephers in the system

- tlearty demarcsted accountability for all activities.

In order for these prerequisites to be met it Was necessary
to develop practical procedures, uell documented, for emch
functional ares, Further, sl paperwork and psper flow had to
be revieyed to ensure competibility with the system.

The difficulty arose in balancing the procedures 5o as to
allow s reasonable amount of flexibility to cater for unusual
situstions and to ensure that business wos not impeded ‘n any
way. Customer orders, stock transactions, shop activity ete.




was to be entered and verified with the shortest possible
detays. Errors would have to be reconciled speedily and the
person concerned notified or retrained.

Access to the various parts of the computsr system had to be
strictly controlled. This was done through the use of

passwords.

L

Figure S filustraces the principle of sccountability as wel
he

25 the tight built-in control over bad dats creeping into tl
system. The WANUFACTURING RECEIPT was made out by the
operatar at a Work centre. Production was suthorised by means
of 2 conputer printed “shop packet" necesaftating that
manufacturing orders be present in the conputer. A quality
assurance fnspector would be accauntable for ensuring that
the part nusher, quantity, guality and tabel were carrect,
The storesan Would enter the stock Losstion into uhieh tie
meterial was transferred, and would be sccountable for the

correctness of the quantity.

Thus three people were involved in drawing up and verifying
the data. Furthermore, the dats capture clerk would he
averted if no such item, menufacturing order, stock locetion

ete. existed.
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This system was very effective in ensuring teamwork at all i
Levels. It forced people to adhere to the rules Latd don, to ’

the sxtent that confifcts pariodically 2rose. In particular,
the @/A inspectors wers persecuted jor being inflexible in
) alnost any Since the new p had baen
incorporated into the SABS 0157 procedures subsitted to the
buresu for spprovsl. The result was a marked decrease in the
number of caomplainis concerning incorrect computer data.

' baily stock reconcilliations checked production against raw
draun. Any cases of stock not found in the stated

materiats
would be investigated befare Leaving work on the

tocations
same day. Issues and receipts would be in balance daily and
negacive stock sslances would be eradicated drily. 3

oata File Cleanup

Itens that had been dormant for over s year were removed to
inprove the focus an the bolance. Only items previousty
classed as A, B or ¢ end items or semi-finished designations
or ttems not included in the previous categories but for

} which stock on hand was availsble were allowed to remain on
File. Strictec control on new item entry was set uh to

brevent unwareanted praliferation.




Stores Layout and Raterials Handling Procedurss

Notwithstanding the unconventianality of the open storage
areas a return to classical storercom principles uas
advocated. Tube stock was subdivided inte:

- and items: items which cculd not undergo further
processing, snd

- cosponents: items which could undergo further processing,
even 11 these were sold before becoming end ftems.

€nd ttems and components housed in clearly demsrcated storage
aress uere under the control of storemen assigned te each
ares (2nd wers in the stock Filed. ALL WIP items not within
storage areas were under the production controlier's control
Cand were not in tha stock filed. These would have works
orders against them.

ALthough it uss impractical to fence off stores to Limit
actess each storeman, who wes clearly fdentifiable by virtue
of the colour of his overails, had the simple responsibility
of ensuring the integrity of his physical stock by adhering
to his set of procedures and filling out paperwork
correctly. Ke would be issued with daily stock lists and
eycle counting instructions. The ultimste intention was to
allow each storeman to enter his oun stock movement
transactions 1nto the computer by msens of sasily scressible
shered data capture points housed within shacks on the shop
floor. Apart from the sutomatic softwsre securities and



audits, the usual reconcillistions would be carried out by
the materiats control cierks wha would act an
fnconsiatencies promptiy.

A system of "unit Loads" was instituted, whereby standard
sized bundles of tubing would be made in the production areas
srior to the transfec to stores. Thus control of stored pipes
becans substantially essier and quicker, resulting in vastly
improved hausekeeping and reduced chaos. Stocktakes, Which
were frequent, were carried out more accurately and in far
Less tine as & result. The eventusl afm wes to do avay with
stack-takes altogether n favour of cycle counting, a
sractice now sccepted by suditing firms.

Customer order procedures were revieved to ensure fast entry
of orders and the accurate reservation of stock. Likewise,
invoicing baceme timeous. The target set for the procassing
of ati data entry was 20 minutes from receipt of the
docunentation. This target was achieved on several occasfons
but was difficult to sustain. Nore work was needed and wouid
have been carried out 1f events had silowed. The ease vith

uhich errors could be reconciled during this period increased

significantly, and for the first time in the company’s
history month-end stock figures were reconciled to 15 tonnes
in 8000,




2.2 Production Planning snd Control Systems

At this point in the project §t vas agreed that the
prerequisite to the full implementation of WRP I had been
successfully completed. Although some refinements were
necessary, the solld groundwork had been laid for the next
phase. (Ses FI1G.6)

As & result of the takeover mentioned previously a full scale
review of operstions vas requested to determine whether to
retain the company as 3 separate strategfc business unit or
to rationalise and combine some or 2Ll operations to take
advantage of certain econamies of scale, The project thus
Lost mementum and had to be rejustified and reviewed in
terms of the HiS policies of the takeaver compsny.

A new direction vas set for the project at this point. The
implementation was to continue as a pilot project
fncorporating full FORECASTING, MASTER PRODUCTION
SCHEDULING, MATERIAL REQUIRENENTS PLANNING, CAPACITY
REQUIREHENTS PLANNING and PRODUCTION ACTIVITY CONTROL.
Should this mrove successful, the project would be
expanddd and development would continue in the takeover

company.

The nsture, duration and workioad of the rationslisation
operatians precluded any ‘meaningful progress on the project

e owde dolmler o
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and development was shelved indefinitely. Thus, all further
developaent deseribed in this report was "extra-mural”, and
ot directly related to the company’s operations.

Production Planning of Willing and Processing Operstions

The description of operations contained in appendix A
denonstrates the split in the nature of the production
process. The aiiling operation consists of the
semi-continuous rolling of tube. The output 1s called "pIRECT
OFF HILL" (0OM) tube. This tubs can be sold in the DOW state
or can undergo one ar mere operations at which value fs
addes. These aperations are carried out fn batch mode a5 in a

conventionsl job shop. It was necessary to effactively

address this split in the process.

A further complication was thet of long changeover times on
the mitls. A milling cycle starts with the rotling of a
sertain diameter of tube. ALL required guges (thicknesses)
uithin that tube diameter are rolted sequentially.
Changeovers from one gauge to another represent a minor
changeover taking about a half hour. Changeovers from one
diameter to anather requires a complete change of roll tools,
an operation teking from 4 to 8 hours, demending on the size

range of the mill.
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Thus, there was & requirement for long runs at this stage of
the process. It was also necessary to forecast demand for the

tubes well in advance of the rolling since rav steel delivery :
Lead times ranged from & to 8 weeks. Rolling cycle time was
approxinately & weeks.

In order to address these last two imsues t ves suggested i
! that:

flexibility and improve response to market requirements. This }
would shift stackholding from tube to raw steel, however, if !
a particutar gauge of raw steel was in stock, tube of any
dismeter could be rolled, and

1) a0 active programme of setup time reduction be pursued.
This would imply that smailer rolling runs could be used, and
that shorter forecast horisans would be needed. Thus,
rotlings could relate more closely to actual demand, leading
to reduced tube stockholding. (This theory 35 tested in

chapter 3 in detail.)

The question which arose was that of fitting the softusre .
to the application described. The textbook cancepts of MRF

i (see bibliography) to Mhich the softwsre adhered, essentially ;
addressed the area of batch production. Thus, the end

srocessing part of the plant was well catered for. But the

efficient coordination of milling and end processing needed

to be resolved. The following method was tested:

: PO S .




- demand was created from customer orders in the ORDER ENTRY
module and forecasts, entered menually after having heen
deterained from detsiled ssles forecasting meetings. These
meetings wers the predecessors of what later became known as
MASTER PRODUCTION SCHEPULE meetings. Forecasting took place
o0 an end iten level and ot on » family Level as in the
past. Histerical sales figures were Lsed to assist in the
nrocess. The demand figures included expected sales of both
ndirect off ill" and end processed tubiag.

- 8ills of material were developed which caused end processed
tubing to generate dependant demand for "4frect off mit(”
tubing, The sus of dependsnt and independent demands Tor
Mdirect off mill" tubwng vere to generate the milh lot

sizes.

- Rovtings ware conventional, Virtually 3Ll processes were
machine governed. Standard processing times were determined
by @ parametric estimating system which had been developed
by us for a standard costing system prior 1o the WRP 11
project. By means of activity sompling of milling operations,
production and scrap rates for each combination of diameter

and pauge of tube were sampled. Three dimensional non-tinear
rogression technigues were used to fit surfaces to the dats
50 that single formulae could be used in programmes to
deternine production or serap rates, given the disseter and
gauge of the tube.

- Tha MRP module determined the greater of order demand or
forecast in any planning.period and generated "planned



orders” for this quantity. In addition, orders were created
for all the component requirements, including "direct off
mill" tube. Discrete order quanities wers created for
requirements ie. no attempt was made at this stege to
calculate econvmic batch quantities Calthough MAPICS has a
PHAT PERIOD BALANCING inventory planning facilityd. One of
these order policy codes sllowed the entry of user developed
code, uhich was the final destination of the research work to
be described in chapter 3.

- Once discrets mill requirements had been caloulnted as
described sbave, “"combine codes” were used to Lunp common
itens so as to result in the planning of longer runs.
Requiremsnts vere combined in § weekly buckets as dictated by
the mill cycle times. As the setup time redustion programme
progressed the intention was to reduce this perfod
accordingly.

~ Sequencing of the mill rolling programme had to be done
manuslly at this stage. The planned orders generated by the
MRP runs were reteased to became open urders sccording to a
separately determined schedule which was fnformslly developed
according to discussions on priority. Ooce again the solution
tn this prablem is discussed in chapter 3.

~ bnce-orders were releasad, the PRODUCTION [ONTROL AMD
COSTING module assuamed control. The priority of each order st
each work centre was calculated by CRITICAL RATIO, this being
the prime prioritising rule provided in the NAPICS software.
The sccuracy of the time standards available made its use
fessibis,



orders” for this quantity. In addition, orders were created
far all the component reguirements, including "direct off
MILLY tube. Discrete order quanities vere created for
requirements fe. no attempt was msde at this stage to
calculate economic hatch quantities (although MAPICS has a
PART PERIOD BALANCING inventory planning facilityd. One of
these order policy codes allowed the entry of user developed
code, which vas the final destination of the resesrch work to
be described in chapter 3,

~ Once discrete mill requirements %ad boen calculated as
desoribed above, "combine codas were used ta lump common
items 5o as to result in the planning of Longer runs.
Requirements were combined in & weekly buckets as dictated by
the nill cycle times, As the setup time reduction programne
prograssed the fntention was to reduce this period
sccordingly.

- Sequencing of the mill rolling progranme hed to be done
manually st this stage. The planned ocders generated by the
HRP runs were reteased to become open urdars according te a
separstely determined schedule which was informelly devetoped
aceording to discussions on priorlty. Unce again the solution
to this probles is discussed in chapter 3.

= Once-ardecs were releassd, the PRODUCTION CONTROL AND
COSTING modute assumed control. The priority of eath order at
each work centre was calculated by CRITICAL RATLO, this baing
the prine prioritising rule provided 1n the MAPICS software.
The accuracy of the time standards available made its use

feasible,
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The updating of shop sctivity in the computer .used all ‘
orders to be reprioritised as required, thus ensuring that work
was being carried out on the most urgent order af each work
B centre. The various reports produced by this module enabled

us to moniter perforsance parameters such as stondard vs.
actusl times and costs, work centre efficiencies, 3nd ;
averages and mean sbsolute deviations of gueues {used to

batance input to output).




3 THE DEVELOPHENT OF A LOT SIZING TECKNIQUE

Peterson and Silver (13 in their discussions on stock
replenishaents at a single echelon, copsider the case of items
which are interrelated because of the use of a cammon productien
facility, Their discussions extend to the case where thare fs

a major setup cost 2ssociated with the replenishment of a family
of coordinated Ttems and a minor setup cest for sach item lnvolved
n a particutar replenishoent. The theory i3 then extended to the
case where items are to be coocdinsted but the depand is

probanilistic.

3.1 4 toordinated Stock Replenishment System

3.1.1 Generst bescription

The system to be considersd falls under the generie title of
“ean~order” systems. It has been specifically developes for the
situstion whore savings in setup costs are of primary concern. It
fnvotves contintous review of the stock situation after every

transaction and s thus very reactive,




Figure 7 illustrates the principles involved. 'Far 5 given fanity
of items, whenever item f's stock Level rops to "s(i)” (called
fes nust-order point) or lower, it triggers s replenishoent action
to raise item 475 Level to its order-up=to level "SCI3". At the
3eme time, any other item j within the fanily with sn inventory
35 included in the

position at or below 3ts can-order point "ctj}
reptenishment. 1f item j is included, 2 ousntity is ordered
sufficient to raise its Level to "$1j)". The idea of uaving 2

Low an item j, whose inventery position is

con-order goint i3 to 3
Low enough (at "cti)” or lowerd, to be included fn the arder
triggered by dtem 5, thus elimineting an extra Bajor setup cost
that would be Likely to oecur in the nesr future due to iten §
reaching fus must~order point. On the sther hond, fnclusion of
ftem 5 in the order s not worth while if its inventory positfen
is high enough zbove itt must-order point tie. sbave "o(§)“3?
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The (S,c,s) policy does not necessarily minimise the sum of
replenishment, carrying and shortage costs. However, it is
signiticantly Lsss complex to achieve good results than a policy
bat optimises. The cost and practizality of the control system
e important criteria from the practitioner's point of view.
“eterson and Silver feel that sn (S,¢,s) pprosch achieves a
valution which 1s close to the best attainsble.

In the interest of practicelity and usability the suthor has, for
the purposes of this research, developed code from the work of
Silver et al, in MICROSCFT BASIC, and has run simulations on on
18K PC-XT, (The original work was done on an IBM 360/75
mainframe).

3.1.2 The Development ot Test Code for the 18K PCXT

The theory of (S,c,s) systems for probabilistic demand has been
developed predominantly by Thompson and §ilver (283). The key
criterion was that the system should not jnvaive extensfve
simulations, but should execute speedily. (previous systems had
maye use of complex simulations). The reader is referred to
Feferences (2) and <3) for detailed study of the theory involved
and the results obtained in the extensive tests which were
conducted, APPENDIX 8 contains extracts from these papers.

The object of duveloping working code on an 1B PC was threefold:




-~ the testfng of input data specific to the tube sector,

- the testing of variations of setup times and customer sarvice
Levels, and the sensitivity of variations in the can-order point,

~ the practicality of using the system as a tool in 3 Live

environment.

As described previously, s facility is provided within the ARPICS
system for the inclusion of a user written Lot sizing algorithn,
thus asking 1t on integral part of MAPICS.

conceprual verview

The code incorparstes twe separate levels of development in the
theary of ctoerdinated replenishment. Férstly, Silver published »
pager in 1974 (2) entitled "A control system for zaordinated
faventory replanishment fn which he describes a practical tno
sinulations) procedure for deteraining (S,c,s) Limits for the case
where demand is Poisson distributed and there is » fixed non-zere
reptenishment (ead time. Although this peper recognises the
probabilistic nature of demand, it deals only with unit sized
denand transactions.

The case of compaund paisson demand becowes significantly more
conplex. (The use of Poisson demand is dizcussed under
“Linitations of the Model" in section 3.23. I order to keep the




system within the bounds of practicality, the deta on actual .
transaction size distribution s converted to a unit sized
equivalent in Which the meen snd variance are the same o5 those
in the original data. Using this technigue, values of § and ¢
are caloulated, with s set at zero. This involves 3 one~
dinensional search on the giscrete variable © to find the value
of ¢ Which minimises the cost equation (setup, carrying and
shortage costs). (In order to reduce processing time on the
I8 PC it wes necessary to do two search passes, 4 9ross
seareh with stock level increments of 20 and a detotled search
with an incrament of one around the area of lowest cost. This
reduced the search tine from 50 to 3 minutes).

Kt ¥his puink Silver's § and o Limits sre converted hack to
conpound poisson units and these are then increased in increments
of one thraugh successive fterations until the chasen customer
service Level is met. This involves solving a set of simultaneous
equstions, sach of vhich represents the probability of the item
having a certain stock level after & demand trensastion, during
sch Steration. once the service Levels sre met, the TOTAL
EXPECTED ANNUAL STOCK COSTS , the AVERAGE ORDER QUANTITY PER
CYCLE, the EXPECTED STOCK LEVEL, the EXPECTED NUNBER OF
REPLENISHNENT OPPORTUNITIES PER YEAR and the CUSTOMER SERVICE
LEVEL are reported, slong with the resulting (5,c,8) Linits,

The developed code was checked Using the data from tha exsmples
published in (2) and (3). (Results correlsted to 4 decimal
Places.) A full printout of the code fs presented in appendix €.
The executisn time with the test dats is 45 minutes.




3.1.3 Published Conclusions

The wajor effects of (5,c,5) contral have been studied through
comparisans between the (S,c,s) model and simulation tests
fovolving 84 examples over 4,7 years, The fallowing canclusions
have been published (see APPENDIX 8):

~ for typical values of input data (discussed in the next section)
the average cost savings over independent control are in the
regton of 15 to 20 percent. (Note that in planning rolling cycles
for tube mills, scomparisons with independent control are
irrelevant since rollings are planned on 2 coordinated basis. This
will be discussed in the next section).

~ The cost savings fncres:

2% the ratio of major to minor sotup
costs increases.

~ The cast savings improve as the number of ftems in 3 family
increases,

~ The percent cost ssvings tend to diminish ac the required
service Level increases. (A large safety stork deminates either
type of controld. .
« somewhat surprisingly, for a fixed service level, the ctost
savings are quite insensitive to the Length of replenishment lesd
time.

~ toordination tends to substantially lower the arder-up-to level.
This {5 becauss under coordination the aversge setup cost



associated with the replenishment of an item tends o be lower,
thus the replenfshment quantities are lower,

- toordination, to o lesser extent, lowers the sust-order point.
Under coordination, an item is often reordered when its inventory
teval is substantisily sbove s, Hence s tan be lowersd compared to
the case of independont control, while still providing adequate

service.,

- The major impact of coordination is an the Lower usage value
items.

-~ The cost savings increase as the varfabitity of the transbetfon
size distribution decreases.

3.2 t5,c,5) Control System Vests in the Case of Tubemilis

A uide ranging series of teats was conducted on the IBN PC-XT,
covering various aspects of tube mitl lot sizing. An mccount of
these follovs.

The tube milling operstion raquires that steel coils of flat plate
be slit into skrips sultable in width for the rolling of tubes o
the required diameter. Thase steel atrips ace then pessed through
4 series of rolls uhich allow the metal to be formed into circular
shape until it graduslly resembles s tube. At this point, the
apening is fused by a process called fnduction uelding and the
tube is cut to the preset Length while the mill s in motfon, by a




travelling sa9. (See sppendix A for more devaiisy.

Loading of sLit strip onto the mill {s carried ovt in such 3 way
that the mill 15 not stopped. This ia schieved by means of a
Gevice - led an accuaulator which maintains s buffer Longth of
stelp Long ensugh to allow anather tcil to be Losded and welded to
the end of the one being used. Thus, the aill is tapable of
sunning continuously as Long #5 required, uniess @ breakdoun
coours.

In order to change the run from tube of one gauge to another,
keeping the dismeter constant, requires that a strip of material
with the new 9usy Li welded on. This strip would heve 2 width
very close to the previous one for o set diametec. ALL thst 4s now
required 1s to make minor adjustments at various points on the
mill, uhile it i5 running, and a tube of the same diameter but
ditterent gauge <ilL be produrad. This is regzrded as a "minor"

setup.

Hawever, to chenge over from one ¢ianster tube to another reauires
sil roll tools to be changed, an operation taking from haif to a
full dey in typfeal plants. This is regarded as a “major" setup.
A family would comprise all items within 2 particular diameter,
trrespective of gauge.

The theory developed by Thompson and Slver ot al 15 perfectly
suited to this environment. It aust be emshasised, hovever, that



vings must not be celated to the case of
independent control, since ho matter how bagly 2 mill rolling

comparisons of cast

cycle s planned, there is aluays 2 significant attempt at

coordination.

Under thic pretext, once the code had been validated, controlled
changes uere introduced into the value of the can-order point ¢ to
resenble more closely the lanning technigues ussd in the rolling
mills. This formed the basis for the first batch of tests,

Typically, u planner would run atl items in s famity when the
cycle called for that family to be run, unless he intuitively knev
that stocks of an item were still abnormally high. This could
atuost be regarded as a cruds form of the (S,c,5) control systen.
This methodology results in an inherent stability in the tength of
the roliing cycle, notwithatanding any major, sudden change in
demand patterns.

To aimulste this situation the value of the cen-arder point ¢ was
set equal to the order-up-to level 5. This implies that the first
ttem in the family ta teiggec aff & raplenishmant would seuse sit
items in the family to be replenished as well.

The tests uwere carried out using the same basic data as used by
Thospsan and Silver in their examples. (Ideally, it 1t were
possible, Live operational data from the tubemill itself would
have been usedd. The bastc fnput information 35 readily svailable




; trom computerised sdministrative systems and is a5 Follows:
- Major and minor setwp costs,

- Itam stendsrd costs,

- lavestory carrying rste,

~ Nunber of orders taken per yeas (from customer order history
data), for s particular diameter and gauge combination,

« Number of units (tonnes or any relevant convenient measure)
in esch arder (from customer order history dated.

e Last tws are vsed to calculste the transaction size

distribution for esch iten.

E Various intaruediate values of ¢ were also tested, and compared tu
. o= and the unchanged value (designated clbest)), These were
based on the AVERAGE ORDER QUANTITY PER CYCLE which is calculated
by the model (see FIGURE 8). The significance of this fs that an
iten is replenished only 1f $ts stock Level is below a
aredeternined “number of days caver”. The AVERAGE ORDER QUANTITY
PER CYCLE (AQUPC) relates to the AVERAGE DEWAND PER CYCLE. Thus,
i1 we set ¢ to 3/4 x AGQPC then we roplenish T the stock level
s betow 3/4 of the average demand betwsen now and the next

expect 4d rolling of that item,
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The results outained wers as follows (refer to

TASLE 1: OVERALL

costs

FOR VARIIUS VALUES OF <.,

RPPERDIR D) ¢

ITER HO. t=a ©225%  0=50%  cibesy)  e=73%  c=i00% =
Aapc  avapc avgpe  AoRPE
1 214 206 203 202 202 202 206
2z EEH 21 20 20 22 32
3 s T2 0 64 64 4 90
4 a2 o8 62 60 60 &1 80
ToTAL w7 371 352 346 346 349 Y
% MR 28,5 7,2 1,6 - [ 8,9 43,2

Note:

~ The value of ¢ calculated by the vadel is optimum in each case.

- The hest value of ¢ spproxinetes 73% of the swerage order

quantity per oy,

cle.




- The values display very low sensitivity over a wide range -
€50% x ACGRC to 100¥ x A0QPC)

Based on the results in TASLE 1 it is reasonable to sssume that
savings of betueen 0,9% and 18,2% could be expected by using the
model. Furthermare, customer service levels would be zbove the

preset level. (In these tests the service level was set 3t 95%).

Notice that the difference betueen major and minor setups in tube
iLls is wuch larger than the value used. Also, fanilies ars
typically in the order of 10 ftems. Soth these tonsiderations
should improve results.

The Yact that the model aszumes that replenishaent Lead time
equals zero is significant. In the above case the assumption
apptied to all tests. Therefore, comparisors were possible. In
foct, the system with relatively more replenishments is favoured
by baving the replenishment lead time equal to zero since there is
tess probmbility of stockouts. Therefors, in the comparison

. the Lstter §5 favoured.

between cmcibest) and

Linitations of the Model

The use of mathemsticsl models to represent reslity invariably
tuplies the necessity for assumptions i order to reduce the
complexity of the model, This practice imposes tha need to



AnteTRTOL the output of the model by considering all the aspects
uhich may result in faulty conctusions.

The most severs Limttation fs the assvaption that there is & zerc
replenishrent Lead time on the mills. The significance of this s
that whenever an itea's stock Level falls below the must-order
POANt thers i3 an immediats changeover to thar family. 1n practice
we cannot just change over, and, having done so, it takes from one
day to a wesk or more to run an entire family. If the data fed to
the model {5 accurste then it §s not expected that stack will be
depleted before the next family cycle, However, since the madel is
reactive in nature rather than of the “periadic review” sort,
cycle Lengtha are dynamic.

An important test would be to tast the stability of the rycles 1n
a live environment. Lerge levels of cycle time instability are not
expected since all jtems within s famity will have stock levels
above the tan-order point just after o replenishment runa In
general, the next ftem to trigger 3 replenishment would probably
be the one that wes sbowe snd nearesk the tanmorder point at the
ase sun.

A further factor which would affect stability is the nature of
the demand of each item in the family, The more sporadic the
denand, the more cycle instability fs expected. This fmglies more
preaaturaly teiggered reslunishnents and thersfore wore problems
with the assumption of zero replenishment Lead time,
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Although 1 ia maturally sonsidersd that further resescch be done
Snto this aspect, it iz possible to incorporate festures inte the i
nedel to assist in stabilizing the cycles. It s also passible to i
set rules for interpretatfon of resulte, or to sat policies for |
running sporadic demand tteas or separate faclities. !

For exsn Tould be possiblc to stabilize cycles by not
trigger stenishment unless at least a prederermine - 'mher
of items arc e for replenishment st the triggering stage  %is

would also depend on the {mportance of the item or customer for
which it is dostined). :

Hotice that itans with sparsdic demand or for vne-oft orders can
be incorporated by insercing “mo. of orders / year® = 1, and sn
exproted order size equal tu the expicted or actual order
quantity.

The important thing s that "What-if" tests could be run to
deternine the overall =ffest of accepting one~off orders or of
marksting sporadic demsnd ftems. If these items are needed to
provide a complats range of products, 1t would be possible to
conpare the cost of buying the Stem from another producer to that
of producing in-house.

The svarriding congideration in the above is that & typical
mill can run about 10 fanilies (diameters), each with about 10
ftems, fe. 100 items in all. These sre defined purely by diameter



2nd gauge. However, salesble end ftems are of various Lengths,
materisl geades and end finishes. When the demands for each
Individuat eng item are comained into a @1l designation (diameter
2nd gavged, the variability of the denand is considerably reduced.
The contral of the saleable end item production and stocks s Left
to conventional HRP Il systems. Also, the mosl assumes Poisson
demand which approachus reality for meny small orders. Since there
sre numerous small customer orders for salesble end items vhich
mske up the mill requirements a Poisson distribution of demand is

scceptabla.

For the purposes of iRput data to the model, two key requirsments
exist. These are moving averages of NUNAER OF ORDERS TAKEN PER
YL and HURBER OF UNITS REGUIRED PER ORDER, for each mill
specification (diameter and gauge) . Althsugh a forecast of this
data for the next pericd or pariods {2 not required, it may prove

5 be » useful activity.
3.3 practical Applications of the Model

For.a given set of input parameters the model will predict the
total retevant stock costs for the year. Nore importantly, it can
be used to test various alternative courses of actiont

- Should the major and ninor setup tosts be reduced, what is the
effect on total relevant stock costs?

~ Uhat effects arise from altering the required customer service

ko o IR it




Levslst L

- If ve vere to focus our marketing sttentions on a product mix !
with certain ordering frequencies and trancsetion size ‘

distributions (or arder sizes), what profitshility benefits could
we expect?

|
~ The model can be enhanced to assist in setting marketing and ;
business strategies and in the formutation of menutacturing
stratesy. H

Setup Time Redustion

By sitering the values of major and minor setup costs and keeping

3

r alt other input dats tonstant the effects of setup time reduction !
[ were studied. The key results are reproduced in TABLE 2.
- i
Lo 4 REDUCTION 18 SETUP COSTS % REDUCTION I8 OVERALL COSTS
i
<
[ 20% 10% :
|
!
i s0z 28%

| L




Thess results confirs the previously discussed hypothesis that
reductions in setup time holds mejor advantages for the tube
industry.

An snalysiz of the results presented in appendix 0 shows

that s the setup costs ace redused, thers are proportionsts
decreases in aversge stock Levels - ECI), average order
quantities per cycle - AOGPT and overall cests - EC(I), as

well 23 an increase in the number of replenishment oppartunities
ser year - MUY,

& further factor not considered 35 the decrease in uncertainty
provided by the resuced cycle tines, and the resultsnt incresse in
flexibility of operations including reduced delivery or
manufecturing lead tine, especislly useful in the case of
aake-to-order demand.

The above factors point tof

- increased sales.

~ reduced opersting costs and asset base.

- increased opersting flexibility.

These are all vital for schieving fmprovements in RET 'dN ON ASSETS
MANAGED - our primsry measure of performance.

[PV S W R T



The sbove results, sonsidersd Jointly, show that tetal cast
reductions above 40% are possible, which, on an arbitrary stock
base of R10 miltion results in on increase in working capitsl of
R6 million (certainly sufficient to justify o continuation of
this research). This would easily justify the purchsse of
complete sets of duplicate rolls and fixtures and required
naterials handling equipnent as part of a drive to further force

down setup times. (This would have to be sccompanied by the use of
the fapanese tubenill approaches discussed in chapter 1 for the
presetting or automation of mill serrings to reduce "startup”

> yield Loss tparticularly becsuse materisl costs account for

3 sporoxinately 85% of standard costsd.




. THE HONAN FACTOR

Begause of the takeover which resulted during the project
fmplementation two very diverse farms of menagement styles becane
evident. Several useful lessons have emerged. This chapter
discusses these and provides recommendations which are considered
aenerailly applizable in the implementation of svaputerised
manutacturing systeas.

It hes become abundantiy clear through the writings of Peters,
Watersan and Buffa et sl that the economies of scale which are
theoretically obtainable by centratising operations are, in
proctice, overshadowed by the increased complexities of managing
Larger business wnits, These writers pravide ample evidense that
the duplication of effort and even product range which could
result from decentralising operctions is more thin offset by the
fngressed flexibility, simplicity and entreprencurship painad.

In ths case, an fntensive retionalisation exercise, prompted by
the reducing level of economic activity nationwwide, resulted in
the dectsion to centralise all sctivities of the bought out
company, which had been = profitable and expanding unit.

P TN e e SO N
e et et

[ AT



The retative size of the takeover company ‘mplied that sll systems
and procedures would naturally be implenented within the smaller
unit. ALL staff policies had to be made unifors, and management
techniques were imposed on the smaller unft az all levels.

The results uere as follow

= ALL "unneeded" staff were retrenched.

- Many of the remaining staff members received cuts in their
remuneration.

- Virtually a1t members of the management tesm, Tncluding the
antire board, sought employment elsewhere.

- AL fncentive achemes were rempved.

- AL development work was raviewed. (A decision was made to

continue With the HRP II project on s pilot basis).

- The sales/marketing and accounting functions, »s well as sll
planning was centralised.

= Stocks were taken over.

The net effect of the decision is not known, hovever, vhat is
certain is that, genecally the takeover was ons of assets only,
certainly nat the total market share, or highly skilled pecple.
AL the nev fdeas and progresaive techniques peinstalingly



developed were Lost since very Little in depth fnvestigation was
dane. Virtually alt major strengths were lost.

The frony is that any other sutcome vouid have been potentially
mare destacilising because of the diverse nature of the people and
values, Even the retention of the cospany as a strategic business
unit, with all its possible advantages, would have stirrad up
untold complications at head office level, since even personnel
policies would have had to be separate

The subject of the debate 35, given the above circumstances, what
would be the best alvernative for the group as » whale?

The most fascinating observations on persenality traits whick
energed o

y were aimost universally tinked to what Peters and
Watorpan refer to as AMBIGUITY AN PARADOY, When the Large picture
35 overlooked things are very often not what they seem to be.

For example, managers are vary quick to fnstall meticulousty
sontrived work centrs efficiency measures which they will monitor
to the utmost. It seems 2.superfluous exercise, though, when chaos
reigns betwesn centres,

with badly planned material flow, sxtremaly
high vark

in progress levels and bad work priorfties.

batailed rationsiisation all tao eften invslves paper clip
counting exercises at the expense of focus on strategic issues.




At the other extreme, strategic issues are often inadeguately
considered. For exsmple, Long term ptanning indicates that in
order to athieve promised dividends or a preset “"bottom Line” it
s necessary that stockholding be reduced by x million. This
becomes policy. Hence, ali materials staff cut purchases 'nd
Broductfon, thereby imcressing shortapes and Lot oppartunity,
wiuce planning systems are inadequate and have, in any case, not
been addressed.

These seemingly irrational occurrances vere observed with
monotonous regularity at all leveis.

Waying Weda these Sbservations it is ot easy to state a solutien
%o the probles, which {5 by no means unique. It is rampant in
Vesteen manufacturing circles. A vest "new wave" of theory is
emerging, on hou to deal with problens of the maturs described
sbove. The key universal thems is SINPLIFIGATION. Tha overriding
auestion is hou to disseminate the findirgs to A largely badly
informed management.

On a more mundane level, the importance of peaple in productivity
issves is reinforced by observing the dramatic increase {n

production tevsis that can be achieved by introducing large

monetary {ncentivts. Althoush there {s intensive ongoing debate
about the Long term effects of such schemes, the issve is thet the
Snsresses in performance achieved make o mockery of activity
sanpling, detsiled wark study and standards setting. The focus
shoutld Be on finding sutemasful ways of motivating people snd on



s

visibly acknowlzdging the importance of their role. One facter
that emerged very solidly, irrespective of incentive schemes, is
that, 5n penmral, an over disciplined peoples spproach is
counterproductive.




s CONCLUSIONS AND RECOMNENDATLONS

5.1 suamary and Conclusions

The great challenge which manifests itself in the faplementation
of computer based business control systems in a tube rolling milt
is that of achieving lower production costs than campetitars for
this largely undifferentistnd product. Elwood §. Buffs, in his
book “Heeting the Competitive Challenge® (8), displays evidence
that in order to achieve high operating sargins relative to the
sther companies operating in a particular sector, 3 company must
adopt a menufacturing stratesy so as to position Stself in one of
the foltouing weys:

~ high volume, high product aveilability and Low cost

sroduction,

~ high auality, fnnovative desisn and flexible response to the
macketplace, or

- meet special needs of a particular market niche or providing
tover costs for that segment or both.

Buffa further concludes thot a company ¥hose position is unclear
in terns of the -bove has, dublous focus in its operations, and is




hence Likely ta suffer tne pecalty af laver operating maryins.

Local tubenflis seem te suffer from this Lack of focus. They
strive for high volume, as expectsd because of the Lengthy
changrover times reauired; they strive for high product
avatlability because of the fierce competitiveness and product
similarity; they attempt to provide fleaihle response to
accomodats customers who buy large volumes of certain lines and
ow volumes of othecs; they create market segmentation with
special mining options and the like.

The argument put foruard by the management teams is that such 2
strategy 1s necessary in the relatively small local mecket and
nighly varisble export market. The author is not in 2 positian to
test this hypathesis, however, it rem

ins evident that Low cost
production js faperative in order to meintain adequate margins.
Low cost production 15 not gusranteed by squeexing the Last sunce
of effisiency from sach partitolar work tentre. 1T is also
4mperative to consider criteria such as product mix as well 3s the
flow of material betueen centres, criteria which oftia do not
receive as puch attention as personncl productivity audits or
ncounting paperclips®, undertsken by Industrial Engineering
departments,

The ressarch work described fn this report represents a tus
pronged approach to Louering operating costs oo providing
fneressed profitability. On the one hand, stable, vell tested and
sdvanced {ntegrated softuare syctens availabls "off the shelt”



were used to provide the sssential information base necessary for
assisting in operational decision-making at atl

tevels.

on the

ther, speciulised techniguss, computerized and menual, vers
developed in order to provide an increased competitive adge.

5.1.1 systans developaent

The selection of a well proven computer system and sattuare,
aishough being x prereauisite far successtul business controt
systen implementation, is by no means sufficient. Setting up
the company Snfrastructurs required to adequately support the
functioning of the software is crucial, #nd considerably more

Sttieunt.

first and foremost, effective operational decision-making reguires
£hat all sspects of xtock managenent ba done well, this being the
ucteds of all operations. The approach adopted in this
perticutarly difficult application proved to be totally
successful. The key activities werer

- Uniting actass 1o stores,

- hengling and staring bundies of tubes in "unit loads®,

~ redesigning and reprinting company dorumentation to fit the ney

systens concents,

- dscypenting atl systems snd procedures,

= creating a woll defined accountability strusture for all

personnel snd sll activities,

~ thoroughly educating end training all involved staff,

- providing strict R sevurity,




- devetoping auditing systems and watchdog reports for all
somputerised deta,
- categorising stock into various clessificetfons, esch with its

oun nmanagsment techniaues,

- developing first cut systens to balance stock Levels,

~ the development of systems to control the movement of work in
nrograss.

The final outcome of all this activity was that ponth end stock i
atceunts vere reconciled to 15 tonnes in 8000 repeatediy, a result
Which surpasses all expectations.

In the next phase, the anticipated problem of marrying the WRP
based software concepts to the mixture of semi-continuous and
hatch operations vas tacklsd, tnd iten foracasts and customer
orders were used to generate demand on the production facility.
The grester of the Tvo was used to determine in advance the raw
steel requirements and the capacity requirements, Demand on the
mills was both dependant (far items requiring valve adding
activities st other centres), and independent (for itews sold in
the “divest off BALL" formd. Requiremants for each dismeter snd
guage combination were lumped inte time butkets according to a
predeterained schedule seguence.

Although these techniqu ted on a pilat basis only
becauss of the takeover ol gquent curtailing of the projest,
indications were that materdass and production reporting and
contrel coutd be groniticantly Smproved.



4 serious drawback which had to be addressed ues that of
deteraining minimun Lot sizes to be run on the mills so as not to
create severe Losses in yleld du to frequent setups. Alsa the
drawing up of the schedule sequence vas monual, and based on
forecasts drawn up inforaally in sales/mester production
scheduling meetings. This presented a special challenge whose
salution Was not to be found fn the standerd softwere. 1t was this
inadequacy which led to the major research work on 3 Lot sizing
techniaue, which followed.

5.1.2 The bevelopment of a Lot Sizing Technique

The deciston to embark on this research wack was instigated by 3
search, using the University's “on-line search facility and
varfous other means, for Litersture on the deternination of
efficient Lot sizes fur tube »ill rolling cycles, Although
Uterature specificall. . >lated to tubs aills did nat cover

this area, theary developed by PETERSON and SILVER (1) et al was
uncovered, which provided a suitable brse.

Their work on stock replenishment at a single echeion desls with
the case of items which are interretated because of the uze of a
comaon ‘production facility. They consider the case where there
a major setup cost associsted With the replenishasat of a family
of coordinated ftems, and a winor setup cost for esch item
involved in a particulsr replenishment. The work contained herein
is based on probablistic dewand with arrivals of demand
transactions occuring aceording to POISSON distribution.




The system's ganeric classification is Pcontinuous review - can
ordec™. As each transaction fs entered the item's stock Level is
retrieved. If this s below a "must order point” caleulated by 2
methenatical model which simulates the movement of the overall
stocking costs (replenfshmsnt, carrying and shortage) then all
other ftems in the same family are reviewed. Those whose stock
Levels are betow 2 “can order point”, alse calculates by the
Bodel, are marked for replenishment with the transaction item.

hs & result, regular, repetitive ailling cycles sre reptaced by
reattive and rasponsive cycles which, although not minimistng
overatl stacking costs, Will, uith the use of relatively (ittle

conputarionat burden and complexity, achieve results very close to
optisun.,

For the pur,oses of this research, the model deveioped by
THOMPSTONE and SILVER (3) was coded in Wicrosofr Basic on an 1o
PC-XT. The objectives were:
- to test fmput dats spscific fo the tube sectar,

to test the affects of vary
tevals, and the sensitivity
point”, and,

ny setup ttmes and customer service
:t variations in the “can order

~ to examine the practicality . using the system as a tool in 2
Live enviranment.

The mutunlly exclusive results of the simulations carried out are
85 follows:

~ tompared ta the conventional techniques used {n mill production




slanning, savings in stocking costs of up to 18,2% can be expected
by using the model.

~ For 3 202 reduction 10 setup tosts there occurs & 10% reduction
in overati stocking costs.

- For 3 50% reduction in setup costs there occurs a 28% reduction
in overall stocking costs.

- Lowering the customer service Level has little effect on the
aodel’s results.

- The model's exccutfon time on the IBK PC-XT with the test data
was 45 minutes. Since the modsl would be used to generate "must
order®, "can order” and "order up to " levels for each item,
which would remain reasonably static, it is expected that weekly
runs would be sufticient. Systems and procedures would have to be
developed to transfer the data to the main databsse.

Considered jofntly, these results indicate that stocking cost

suvings close to 50% svsrail are ochievable through a coordinated
effort.

To ploce these results in perspective the following factors need
to be considersd:

« The model assumes a zero replenishment Lead time on the milly,
fe. when an ftem falls bolow its “must order point® there s an
immediste changeover to thet family. If the data input to the
model is sound, stock depletions are not expected until

the
tollowing eyete.

- sporadic demand items may fnduce permature triggering of
replenishments, which would then be shorter than usual, but stiti
have the effect of destebilising the eycles. Technigues could be

-



devetoped to syatilize the cycles.
- The model ssumes POISSON demand, This fs considered scceptable
in viey of the Lsrge number of smatl customer orders taken ia the

sector in general. ;

The overriding consideraiion remains that 3 typical mill can run

about 10 families (diameters) each with about 10 items (dismater
and gavge combinations). Wowaver, saleabls end items come in
various lengths, finishes and materiel grades. When demands for
e combined {nte & nill designation

each individual end ftem
nd 15

tdiameter and gauge onlyd, the variabitity of de
significantly reduced, 2s is the affect of the sbove constraints.
Sitimetely, tield tests sre required to understand with certainty
tha true performsnce characteristics of the modsl.

Furthermore, Thompstone and Silver (3) state tha
- cast savings inerasse a3 1ne rat{o of mejor to minor setup costs
fncreases,

- cost savings fncrease as the nusber of items in a family
fnersases,

- for a fixed sarvice level, the cost savings are guite

insensitive to the length of renlenishaent lesd time, .

~ coordination tends to substantially Lower the "order up to level”
and the "aust order poini“ comparsd to classical order point
systens,

- the major fmpact of coordinition 15 an the Lover Usage items,

- cost savings increase as the varfability of the transactisn size

distribution decreases.
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5.2 Recommendations for future Work |

The preceeding comments provide a vast scope for developing the |
fy and testing Tt in Liva environments with expectations of ;
Luerative reward. In sddition to this the following idess are

proposed
- expansion of the theory to coordimation across more than one E

mitl,
- expansion of the thesry to the coordinatfon of fasilies. !

The exciting prospect srises of utilizing this theory to develap
. and test manufacturing strategies in general, and JUST IN TINE
4 steatagies With sixad medel profuriion and Tlexivle cetlutar

aqutacturing in partfcular, Given the vast potentisl far
3 increasing working copital and reducing interest payments on
- copital tied up in unbalenced and superfiuous stocks, further
resesrch work along these Lines must surely be essy to Justify.




APPENDIX &: A DESCRIPTION OF MILLING UPERATIONS AT THE COMPANY
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The milling operation consists of the semi-continuous roliing
¢ tobe. The output fs calied "DIRECT OFF AILLY (DOK) tube. ;
This tube can be sald in the DOM state or ¢an undergo ane of f
nore operations at which value is sddsd. These operations are ‘
|

i

carried out tn batch made as in a conventional job shop. Thees is
thus a split in the process inte semi-continuous and bateh
processing. (See FIGURE A1 for a pictorial representation and
FIGURE A2 for a schematic disgraa of the actual plant (ayout).

’ 4 further complication i: that of long changeover times on
the mitls. A wiliing cycle starts with the rolling of »
certain dianeter of tube. ALL required gauges (thicknesses).
E within thet tube diameter are rotled sequentiatly. !
Changeovers from one gauge ta ansther represent a minor {
Changeovers from one

changeaver taking about 3 halt hous.
diameter to another requirss a complete change of roll tools,

7 an operation taking from 4 to 8 hours, depending on the size

range of the mitl.

o Thus, there is a requiremant for long runs at this stage of X
the process. It is also necessary to forscast demand for the

tubes well in advance of the rolling since raw steel delivery
ks, Rolling cycle tims is

. Lead times ranged from 6 to & uy
approximately 6 weeks.

The tube milling operation requires that stesl toils of flat plate
be slit into strips suitable in width for the rolling of tubes of :
the requirsd dismeter. These steel strips are then passed through !

S N S



The mitling operation cansists of the semi-comtinuous rotiing FE
of tub. The output is called “DIRECT OFF MILL® (DOM) tube.

This tube can e sold in the DON state or can underge one or
mare operstions at which value is sdded. These operations are

carried out in batch mede as in a conventional job shop. There is
thus & split in the process fnto semi-tontinuous and batch i
processing. (See FIGURE A1 for a pictorisl representation and :
FIGURE A2 for a schematic disgram of the actusl plent layout).

& further complication is that of 'ng changeover times on
the nills. A ailling cycie star o the rolling of a

certain diameter of tube, ALL re 3auges (thicknesses) . :
Within that tube dianeter are roli. sequentially.

haageovers trom onz pauge to another represent s minor

changeover taking about a half hour. thangeovers from one

dismeter to another requires a complete change of roll teots, i
an operation taking from 4 to & hours, depending on the size

range of the mitt.

Thus, there s a requirement for Long runs at this stage of
the process. It {s also necessary to forecast demand for the
tubes well fn advance of the rolling since rav stesl detivery
Lead times ranged from 6 to @ weeks. Rolling cycle time is
tely 6 weeks.

approxi

The tube milling operation requires that steel coils of flat plate
be sLit into strips suitable tn width for the rolling of tubes of

the required dismeter. These steel strips are then passed through




o series of rotls which allow the metal to be formed fnto circutar
shape until it gradually resembles a tube. At this point, the
epening is fused by a process called induction velding and the

|
tube is cut to the preset Length while the aili 15 in mation, by & :
travelling sau.

Lo2ding of siit strip onto the mill fs carried out fn such a way
that the mill is not stopped. This it achieved by means of a
device called an accumulator which maintains a buffer length of
strip ong enough to allow another coil to be Lesded and welded to
the end of the one being used. Thus, the pill
cunning continuously as
oseurs.

1s capable of
long as required, unless & breakdown

In order to change the run iram tube of ane gauge to mnother,
keeping the diameter constant, requires that o strip of material
with the new gauge be welded on. This strip would have s width
very tlose to the previous ome for s set diameter. ALL that 1a now
required §s to make minor adjustmants at various points on the
#ill, while it is running, and a tube of the same diameter but

different gauge will be praduced. This s regarded as a "minor
setup.

However, to change over from one dismater tube o another requires
all roll toots to be changed, an operation taking from half to a
full day in typical plants. This iz regarded as 2 “major” satup.

4 family would comprise all items within a particular diometer,
irrespective of gavge, -



FIGURE A3 shows o Tlowehart that was originally used in
presentations to describe the Production Planning and Materials

Controt reauirements to management.

FIGURE A4 vas used to show the role of Master Production !
Scheduling in the overall system. |
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APFENDIN B:

PAPERS ON CODRDINATED REPLENISKMENT




Coordinated Replenisiiments at
a Single Echelon

i eenlons e coontnsed, Now v e 1o 3 somohay et
case where coordinavion is appropriste. namely twhes
volued are et3red ot the same siocking point and the lnl«rv:\llumsh}p i
caused by

5. 3 common supptier,
i, 3 comman mode of ransportation, ar

. 3 commen production lacity on which the ems are
produced.

s e sl s n Sec 131 thre 1 s posile wdsinnge
replenishmy ais of such 2 group of nterrelaied iems, The
potential eadvarges v s b s I Section 150 for e ave
of dererminisiic demand, the scononic ardre quantiy analysls of Chaper
§ tomic here ssoumed indepondont somrel of el s exended 1ot
Hosion whm there is =_mmu_1"s .com _assaciaied with @ r:plcnlshmam

o of coordinated items #nd 3 minos sewg
fovaved o e pardcut replemstmens, SeciaR 15 i
dcann agumanc of Chapa 3 o e sase whre he dvount & st

o e et o o o sepfheny S 3
exomple, 3 dreight e reduciion i 3 carload sl ceplenistimen s

ievd. Thn n Secions 134 1nd 125 we t to
Sheee i a 1 b5 sordinated bat demand . Esscatially,
10 apprasches are discussed. Section llldulxmlhn-u]kd “can-order”
systems which normally are. of o costimious and are not
oneerned with ﬂw!mnx ¥ ipeeted ol epenment sae. n s ope o
e when i ivenory of an e of 5 cordistd grop drope o
caough, & replenkhment is wiggered, Whether or not e
focogas In 1o repienbment s datd by how low i ioniory el
happens 10 be 3¢ that momea, In contrast, the “service-point® approsch of
Seoon 135 involes perodi v, and e decionof whthe of 161
o plce < epehment ardr st prilr i s e by e
sroup ser ations b the pest review, Furthesmore,
B Tt et s nnmu]!y sabihed o sekieve s qovensy
discon
Yt hould b nted tht in he erstare te teinology “Joint replenis-
s sometimes used in liew of “coordineied repleniahment.”

Rolata

133 Advanages end of inatic

Tt ore e o essons o coordinat
shmant decisions, These inc)

g flems when making replen-

L Savings on unlt purchase ensis® When a group of flems

e cost ey b et f e

some bsskpoin quanily. b may e uneconomic o
order thia moh o » g ot it could ceriainly make
Sene 10 comnloate sveral s s 0 1 el 3 1l

PN S

-t A e



e o g s e i, pn saample of e o
situstion would be ihe by a disuribuior of 2 fine
o el prducs rom 4 p.'mmnhr ‘manufacuurer. 1n some
sc3 3 vond sed minisom order quasiity may dictaie
T same san f Jo <onsderation

. Swings o0 ur ramporiton cos: The diuion
1y I same 3¢ sbove. Now 3 sroupin of ndividual

sarshonss of ¢ sspermarks e, The MIDAS sision

AL p thet example—ceseral iems from the N
Feent nigan i Gesmane s mhan ety homes 1 :
Canada in the same cominer.

. Savings on order the fired
(o) oo of Sy e i e
jehi make sense 1 put secerat lcms o 4 single order 50
55t redote the ansual 100l of hese e con, Th
- Tikely mast selevant where the seglerishment i by in-house
| ,\.umm Insuch 2 csc the major xomponce of he
N s he manutucuring sip o
woum e m: otin of bt prodicts, Ther e piior
s e from oot

dng
oy of et 0 e et e
Trom one. contsiner type 1o anothet are rather minor.

- iv. Ease: of scheduling: Coosdinated banding of 8 vendor
o o e whnionmg o oove i I

mspection} warklosd, etc. 1n fact, we have found thi

g gty managers snd pnchesing g e tend1o”

think and Geal in terms of vendors or supplers rather than

individual s ke,

On the siher hand, there see pesiie dissdvinoges of s coorelnated i
replenishment procedures. Thess incluoe:

. An inereass in the average invemory level: When fiems
are cdordinaied some wiif be reordered sarier than i they
were tresied independently.

5. An ineroase in sysiem control casis: By \he very natare
of the prabem, courdinied contral s more comples than
i independeat canirol of individual lems, Therefore. under

ortasted contol teviecoss, compuiations ost. <t
Bl 1o e Higher

Reduced Rexibiliy: Not being, able to work with e
indepandently rodvces our fesiolity in Geohing with umossal
siaticns. One possible pesult is reduced swabily of evs-
tomer service on an individal fem basis.




13.4 Probabilistic Demand: Can-Order Systems

o e momen ve G w0 s va of e wih prty
s, fament e swortvaing i fefenidmens of ¢ by ot
s The it of s, the oralid meanior xyﬁ\em‘ i il e
discussed . 2 specincany geed |e n. s
ings in seiup cove e o iy covar (or s s where svern
prods afc fun on e e plceof o eonfoment 5 appored o achoing
3 e ol upxu.xm size (for quaniry discoust purposes). 1t
oives S revion ramiacions rcording. Toe setons trge of
xyn:m, o be dincated In Secion 135, e he sg-culed v pointr
ch, It involves periodic revies and Iy panvcuiarly suited 1o the

jon Where_the primery concern i with achicving 4 specified totsl
Teenthment £t fr quanvy Bpceunt perpered, A hid Trmedie
type of syscem s possible, where cach item has & periodic review, order

soup review: interval, The of computing, spprop-
Fiae v ihe 51,35 5% ingr gpon 30 ppretis pocadore
oam.msm o Nataa aevioped o e o g s (80

o s soveoeed gl o e e Cupler 14, Tortors, e
a ruurn o this i 1pe of e ot ot s
jould expect from earles comments, the dmwpmm of deci-
sion it for caomhmed fsms unde probabiic demand s sething by
gl ot oo oo e
b conoey

o e e ol e 1» twoes ot s sncowsged o e
use of the references provided.

1341 The Physical Operstion of an (s 6 3) System

Bafiny? was the fst o propose the use of ap (5,6,5) sysem, 3 special
type of continuous review system for controlling :wrdmncd liems, In such




2 sysiem, wheaever nem P Inventory pastion drops 1o 5, (esied
usrdes pein) o over i riges & raplenhmen aion 35 1 8 H

flem 1% Jevel 10 15 ordes-prio-tive ime any oches item |
Goibin he aocited i T i m\emo\'y Boskon a1 o elow s ean-
: crder paint ¢, is included in the replenishment, If fom § is includesd, &
i it orbeed s 1 rae i Jvel 10, The ks or naving &

pint i ko sliow xo hem § whaze vy osivon it o i
, o lower), 16 be included in tho order iggered

inclusion of item f i he ordes is aor worthwhil i s inventory o’

Wigh enavgh sboe s mas-order ol a1 o ) T o of i
#ypical item under such 2 sysees of coniol s shown fn Figore

I 135 shovn it 4n (.. poley dossnot pcasrily e

R the sum of replenishment, investory carrying, and shortage cost, Howwer,

{he ‘ol (e would e e cons woud e Soeraly mord

Figure 13.2 Bebavior of an ltem Under (S, 5, 5) Control,
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complex than the (S, ¢} ursvegy. Therelore, when one properly tabes
ot of the syiem conwrol coss U i Tell that g0 (5,.5) appronch
s 4 solution which I close 10 the best itaineble.

1342 The Essence of s Sugested Pracedure for Com-
puting Values of the Order-up- (s75), Can-
Orcer Points (o2} and Moat-Ordor Foints (s/9)

ne of the auhas (Reltee 31 s deveopad » rasombl grosadors
ot aseertaining values of the S°s, ® derivation is bosed on a
o ot e o e o wh e

i The rplenihment e s i of concast knowe engi.
Funihermore, its length pend wpon which subset
T e o e oy st seplenishmen.

e Demand for each e .l Poson e where, of
i have o difierent demand rate, The
Pmsmn dmnbunun s o0 spprnimaton o vl ot ap
propriate for the case of many small cosiomet
mmpnan a( Pt sl of naiidua cusomer ansae-
or able. However, transactions of greaier thin
mpound

:

For cach item § there. 2r¢ three quantities (5, & and 8) 10 specily, thatis,
1 the il b 10, e e 30 mmlma ool acabis Ut
given values. 19 Chapters 5, 6, and 7 we advocaied fr determine

ing @ tor R o hen ﬁ»dm; ot o ondions o hespecfid ims of
© or ) mer dan i imulianeously select the. {5, 0) o
(R, pat. Agai here  sequenti 1ppro3ch b e The S and s are
Toboa, by 1 sppronimate e procedure for 1 o o s g
sepenhmen ead me {ech ¢ & 3810 s cael, then ional on

S 200 ¢ vauss. ane An the Jowes 5, hieh snnsrm v pruplk\
e oo o e Al o o e proach o
v s in Sedtion 155, ere he Geses serae eve con vy (1
s s 50 vbiai

nov swicdy mi of replenisnment and carrying costs, How-
o o ey ey 3 b 278 ot e willing 1o absorb it i
orderto bave 3 comptationallyfasie shims 05 exaing he contch
paromsters




1343 Eflects of (S, ¢, 5} Contral

A Nomaris Husaion—To e th cects of corined
<ol a0 10 ot panes g, s i et o e

s h ourm S ol Tk 133 dee o i
doration af th parimeier g goen (T i
Refuronss 313 Esaminsion o Tawe 133 reviah . ofloing poins
et of at axamples sty

i, Cooragon tends s sosanisly wer the orderupe
levls e £ Tas i beshss v sontinstion A mere
32 iy 98 asorNeS wih e replenshmén of 3 o
fends 10 be-lower, thus we peed not order 38 much each
time ve releis:
5. Coordiaton o 2 keir et Jowess the musrordes
poines {ipe ¥ St a1 s
e when 15 vty el 5 oy sbovt 5,

4 an b Jomsted conpard wih e s o nce
peadent conrol} e i e service. .

ajor impact f courinaton  on he rower dar

ussge iems (ems 7, 3, 3nd ¢ in the example
v, The cont saving fs substancal (here approximately 15
percent)

Jeble 133 4 Nomerical Sampie of Coordiuty Conral
0.2/ye, L =1 month, Servics level,
s Tor o et

Tndependem Coasdinmed
‘Conmol Conieol

o, 3 t
Wi (i) S & & SWD & 6 S GA

1 W 6w B om omu m o me m
i 2 G a7 s mM 44
H 7ooimoalm o ww a
H : N I 5w
Tt STy

|
| . Bt i b s o 0 e o
i

st Savings of Saversl Examples—Based on & number of test
exnmples perlarmed (sse Raterences 31 and 36) the folfowing tonclusions
can be drown {at lesst for (he coses of Poisson and compound Poisson




- hd e ol

demand) concerning the cost savings possible hrough \he use of the
(5,¢,1) procedurg diseussed in the preceding subsection:

§ For typical vakues of the inut Faciors (A, as, D', &%,
umber of ilems, ic.) the average oSt savings over fnde-
‘pendeat caatvol ure in the neighbarboos of 15 10 20 per-
cent,

. The cos sovings ncrcase 4 the oA retios decrouse, cr-
iy initiely Sppeating
5. The cost savings mprove a5 » incroses; the mose fems
there. are in the group, the mare atiactve coordinaied re-
plenishmert becomes.

et cost savings 1end to diming equired
e e s e e o Somioms s
1ype of comrol).

v. Somewhat sucprisingly, for 8 fxed level of service, the
cost savings are quite 1mseasiive 10 the length of the replen.
ishment lead time.
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5., %5, V0, 43, No. . TN1-002

A coordinaied inveniory control sysiem for
compound Poisson demand and zero lead timet

ROBERT M. THOMPSTONES and EDWARD 4. SILVERS

1
i

mising ibe a1 the Lariaiy o ASAbI OF o8 5, cro ol rymr,
ey tha o G i s 0 o eiri, o
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Iiradction
Most snventory contal poicies invalve individual consrol of tems, Under
sertain eirenmt iing the cantral of a group of items way result

Lo o eabsiane 5. < sevine. Bl 50007 bas propocd the (8,5} policy

able strategy for coordinationd Silver (1974) has suggesied .

somions ¥hare coordnation mey b adsinugeom 1nd bas ondlised the :

B . devsopmens. ol covtrl et for (i purgors. e presnte 1 st

o lsting e conrl surite o (-5 )y o s s e
dsed Poisson demend and replenishment losd times gréster than or equal %0
. Lere. T 5 EUDaR we Gomoniiate B sl TR mAY 1 acsad

o bt he lud time i o i . Dnlike previ

hations 1o s provlers (Gury & ol 1970, Schvac 4p8 Siver. 1975, pod

Cahen 1472 e oot Goss ot inorporaie tme-comeuraiog simlefion.

o s e expnig o e .

“The aest sdion givs 3 e orfiet probiom, vatement vt ehe bosi |
actaton;  Tndepandins. sontrl omier sompovnd Poses Gemand. is s i

i exemples aco p e pra
ke sement In the do

single ftem problem whoss solution. o of e .

Taived 1 P 178 N e et
ar vss purhlly supported by the Defence ;

Resarch Bl of Canat, Bran o gt Frered B o

T ouitum Coupay of Conade, Arida, Qe
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et o et I
. e e it o) o e rarirs
ing, 2 55 Indudud in the nfp"»‘nhhmem, ta raise lu Tovel «n 5 .
v i o v s el it o | |
Iver uu:o) withott reshowing the dort 180, We have nol ropeated N
e i rteed n o G
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= .M. Phowpstons asd E. 4. Sitver

catse peramies rabnes of the 15, ¢, strategy st o sonn
e ol 1 a 4ty f Hews 1t devciped i & S e

arint e inahe i indepsndent sonirl Je desaibed. Yumeried
s il oml e gven. 4 st of € srmples e 1o
a otionship b ordinsted_contral over
ndepomlent Somw) e €3t haresiris o 7 oy of s T
‘puper ends with some contluding Temarks,

Protiem storeren and bt mtation
Desrund chorecieratics
n Qi vt nentors conzlsriagio ovs generaly
e Sevatrion o demars. T4 13 w0 i et Somand
ariod as having i sempatas
during the percd  nd
Each component may b

ibution. Empirical
ridencs gt e vt o b of tramanetions san be um.uh
represonted B & Polseon proce

Pt ‘:ﬁ“"’. 0nm0 b
where 245 the s st G s, e I s i ¢ a3
PR T

i o st 1t s s
h mns funa(cn (PHFY. the total demand in
e e B B e e
R e e o o

= oot ot o 3 s
whiere {,y 16 the Targest I

0 of the wmmnd g dmnbmlm e or xcnds
mean, & Shrsseste oo shibitad by damand &

Gost iruturst

cona are somsidored, secwp (o ordaring) coste and nventors camying |

ot
oup of iteme ie involved for which the soat of veglenishing o vs

o o o s R e 3 o iy S0k o o repleninhing he
same womber in separate indvidual replenimenta, 1t is e |
fixed (ar ieader] cost. 4 to ssaocifted with ench Np\nnll\lm:nt nd 8 varible
(o) con o b s i s o mvaied I b e

0 the e cot o gl cde nvolving e s L

An fpurany aspect of his papar fs the comparisan of s under
ndpanton oo o oot oo, The s 358 strichue for
tem 1 i

foxpeeted costy,= {setip cost)+ (carrying eostl

'} Fhe cont atriuare and servies riecla e diusssed wore fully

|
|




A coontinatd inveniary coniral eysen )
For independent conol this fs
ECAS aym 44 says Bllyay o
where
HCthe cxputed e st of contaling ey s whih i+
fonction of 1o contiol varinbles, 8,
Syt oot o i et

& the mustrder point for wew i, b pieces;
¥, =the expecied namber of orders of em § por yeus :

ity the expested inventory level for em i, in pioses
i ol s o ssndurd i af e & o ol o o

o anying charg, i ol g doles er g,

and 4 xnd  are as defined eaclor ;
Under the coordinated control system

BCS,cp 9= NTd 5 N4 Ewe @,
where :
B0, expcted dola o of S P whioh is & function of
e variables, £, & o

P AR Ay
X ope e o e gt by o g
aar:
ol pher veritis e s groviowy ded.
“The etk vagesied Teuvant cont of the group o it under pither conseel
s iy
sox § BG ®

where  is the number of items in the group of family.

Bersice criteria
he b sontol streiegy i that whieh siimies tho ot st
et wnd Gmutancously satielos service constru

s ot soies o
P4 = the probahilits that the cycle ende with no backorders {or lost ssles)
and A

P2otie of demand entistied without batkordering, iz, sotistied |
el o an st i
i ranreh ¢ itad to ho vy k.a et it wmmad et |
copleaishment, orders ateive

e discumed v, Allhough mg u.d G nay b negiivi i 1 o
menningtul fa considor the nbove mervice comstraints.  For oxamipls, the
recion of demem sailled ithout oackurering may be siowed 25 tha
Hrastion of demnd satisfied dircetly from the shelf other than [raw soma

P

i
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B84 R, Thampstone and E.

Sitesr

Independent coniol under camposnd Polsson Serpad

Eacscust s el bt computed fra e ener eﬂmymw
oteon e il ndpsndnly b e (6,0 sty
oo ove, 1 s 51 Shee 0. i o i s
ko el fom that poer )

Far i wuder 8 15,31 s i sl fonhaca
165 omendes i Sckrdere i e e he s order
cash e » eponshoent ordr s e,V demand rametors s

ranccrion thet igers the Srder oy inaniemesutiy

dop the lnventory sl well g e s ardr s gl o an
immediote backardee sitvation. The amaunt b which the must-order point
o e by he tansaction & sled e defic. 11 il Se denoied here
he randons variot)

The tatal relevan: cost for 4 ingle siom under independent conteal hax
‘seen expressed in eqn. {11, Dropping swbstripis this mny be secwrition 22

R

when .
= Puieeus e of siemand fansacti
f(!)-«he xpecand valuo o the transaciion sice which can be caloulated
resly Irom th tapsstion ss PP

Eu) e exmeten alos of he an-oand imentory lvel
T bl St of the axolable stk / i ested 0 duer:

mine e el £)and e PNE of e it =
Since the ot degerd upsn the

Jeve o she 2. e vy el of the alobl ook
sty ofer » raspaion (870 uny owsivg plnitment ssion) (s

equivelent to Lhe pmblbll!ly Gitebution ot o rendom poims T dme
Teler beng what i eguied.
The svalisble inventory staris o cyle ot the rder.up-iodavel S and, as

elow (T mustuardar polo* 5. At shat tme « replenishment js made and the
av hle invanlors inatsatancovsly jumps back up 1o &, starting 8 new eycla.

»,u.,) = prob {available stack i pt Irvel 2,1
LR IRALEAY

,‘.,l,,,,.,.m St e .01

The leuu ing ot of i

i oo the probbificies

PUS = e pUSipdL) B

A8 = S+ 25 = D)

PSS =310 PSP = 2+ 2AS ~ 2001} ©

Pifs+2) . ;i)

PraYyu g SRS = 5= 1) gyl DpdS ~ 3=+




¥ BIARES "

“1
a5 B M. Thompsions and E. 4. Sitver B
Indepeoent control under campound Polsion demsnd B

Tisaet casts and service lovels can be computed for an ftem under compound
Paion demand contrlled indspandondy by o gt (5,1 ity G- e i
el ordt-aptoe wn by Sitver (1970). e now review sono '

) eveters the avalfuble fon-hang
ref inventory level equals she mustorder point |
T T o el nde s ekt W Jomn asmiont o ;
ot unitfed e uranaction i trigere the wrder oy nsaniageouy !
drop the imeattor ol e b st Do, g o an
e ekl Spwion. T siouns 5y Shich (s musvorder peims
he runsacion s caie the e, 3 il B Genoid boe 44
the randont variable =
selevant cost for s single jiem wnder indapndent, sonol bas i
been expressed in <an. (1) prping subsoripis this may be re-vvitien a5

ECIS. n

S v B @
wher .
Yo Puiretn sare of emmand stsnsections

(b expemed el of the vamacien dac which can b sseluad

: Etshethe sxpeied e of the )
epastd sl of the on b ventrs e

neaded to dater.
‘an-havdt incentary level E(1) and the DA of the defoh -,
o o the i bl s vt Crusattion doms ot depend gt e et
ok be
immodinaly ater & transicion
she probatiny Baios os venon point i time (the
s teing whwt i esuired,

The aailabls hwenmu staris o oydl at the order.up-io-ievel 8 and, as

Vot ot et 3T it i rfiriment b s o e
Svalube avénior TlobiAncouls Jumpa Saoh 1o . AATKng e 5o,
L

an
prob ftransaetion wae b tof ¢
PO

| 9
. . ity proh favalinbic stock i at fevel 1,1 <
fpmes ) ea, el 82
i

The following set of cyuntinin
A4S =t pSY :
PAS= N ) £ ptS = 11} @
PR 21 AWk 24l8 = R f214 28 = 21

o the probabilities

i
i
) Bls+ 1y pARIRES ~a= 1)t = RS = 3= 2t 4Byl 2L pd1)



3 cvonduatid ineriary consrol syatn "

ute that in caser wher
=Lton!mgh ave fewer tarms
B 9 0 T e o Fflons
1) Bt iS)m
678 o S el o the frs. squation, thes 8-2)
rom (he pecond, o

=15,z the last equntions of this ot will

Sam 27, Testae

3 L€ end disibe sach by the nm 10
normelise A

Onse the probubli e oo o she wralde o e
een cmpied, e st iconor sl o e seiiod and st
it axpced o v

W o b 55 b . svpction of e <y
occua e bl e deichof e defieit distribation can be der
i T g o e oo 16 soavn e Gy v
ot e (i)

D XU At R

Huml(8)

The espontad defit o compuad el and wn exses G for
e axpocted st shen fallowe wine e

i el (o the given 6.1 aoes ca b sl sl the
ey on e ey o o t eyde,
P, i smpty.the peouabiby (et the et 3 1o S o ol 10 0 o

= ;,i Pdsad 4]

To computs the fractin of demand satisficd wihout backorders, P2,
first alcalate the expected backardors per oyele (£},

250 5 ot ®

The avormge ordet quratity per yle 1A0QRO) is
AOQPC=5s4 BS) )

0 1 85 shralghtlorsd to caloutate

=8
OGET
This algebra requirer for caleulating exact eonts and axact eervioe levsls
{ona gven idependons (5, ] caniro o demansate i o campotnd
e the pobie of dtermisng gt (.} alues wouid be
cxtrenels camlicied. Hovavcr, o, i e shrn i mome approsiTe:
tions enrs he e 1o catimate seavonnble (S, ) vrlves,
"The fin of thie npprosimtian sancern (he dcfiri ditebusion, By
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APPENDIX Dt €5,¢,5) Model Test Results
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The resulty tabulated below represent the output from the madet
for a series of cases tested.

Case 1: Using the Thompson and Silver example with no changes ta
the fnput dats.

Case 2: ¢ = 73X of AOQPC (sverage order quantity per cycie) .

case 3: ¢ = s (must-order point)

ase 41 ¢ = 5 (order-upnto level)

Case 51 ¢ = 50% of AGZPC

cese 61 ¢ = aoarc

case 71 ¢ = 25% of A0QPT

Case 81 Customer service Level reduced to 80%
tase 9: Customer service Level reduced to 50%

Case 10: Major snd minor setup costs reduced by 20%

ase 11: Major and minor setup tosts reduced by 50%

b1

. [ U



¥ RIS E -

DEFINITIONS:

Been

Pien

Aoape(n)

Hucn

eren

The totsl expected cast {setup + carrying + shortage)
for item I per year.

The probability that the cycle ends with no backorders
Cor Lost sales) ie, customer service level, for ftem 1.

The average order quantity per cycle = S-s-defieit below
5, for item 1. (See F18.8)

The nunber of replenishnent opportunitiss per yzar for
item 1.

The expected inventory level for item I (pieces).



ITEM EC(D  PIUD AGQPE(D  WOLD BN 8 ¢ s
CASE 1: NO CMANGE TO SNPUY DATA
g 201,8 0,96 132 0,825 81 151 106 7
2 1 9,95 62 2,410 36 89 43 2
3 63,8 0,9 aa 2,428 53 87 53 5
& 59,9 0,9 o8 2,133 84 (LI T
TOTAL 345,7
CASE 23t » 73% x ADQPC
1 2019 09 132 0,825 84 1§t e 7
z 20,2 0,9 58 2,410 58 89 47 2
EH 63,9 0,96 61 2,120 53 7 49 5
3 59,9 0,96 100 2,138 o3 3 7S
TOTML 365,83
CASE 3: e = s
1 213,68 0,95 w47 a8z 71 w77
2 36,5 0,95 90 2,610 48 [T A ]
3 85,0 0,95 85 2,120 4 77
‘ 82,1 0,05 135 2,133 7 39 7 7
ToTAL 417,2 .

03




- T
ITEN ECCD PILD AGARESD  WUMD  EICD S ¢ s
CASE 43 c = s
1 206,35 0,97 115 u,e25 82 131151 7
2 32,5 0,99 44 2,410 73 87 87 o
3 0 0,96 28 2,120 56 L8h 8 2
4 50,0 0,9 45 ERE I 134 134 2
ToTAL 408,9
CASE 51 c = 50X x AoGPC
1 20,8 8,96 e o825 79 51073 7
: 2 21,0 0,9 Al 2,410 54 1 35 4
. 3 46,0 0,96 73 2,20 5o 8 36 &
1 4 61,8 0,97 116 2,133 78 138 55 6
; TOTAL 351,6
i
CASE 63 ¢ = AvapC
1
: 1ws ver g 0,825 82 151 139 7
2 22,0 097 42 2,410 &b 87 62 ¢
3 s, 0,96 51 2,120 5§ 8 64 4
4 40,6 0,96 79 2,133 89 136 102 &
TOTAL 349,1
2



ITER ECCI)  PICD  AGGRE(D  MUCI)  EICD) S ¢ s
CASE 7: ¢ = 25% X AOGPC
1 208,35 0,9 45 0,825 77 51 60 7
2 20,8 0,92 33 2,690 54 93 22 6
3 72,2 0,97 81 2,920 47 c89 22 7
& 67,9 097 129 2,43 73 139 32 7
ToTaL 371,2
CASE 8: P1 = 80%
1 20,0 0,82 132 0,825 19 168 10% &
2 20,6 ©,92 62 2,410 58 87 41 o
3 63,6 0,84 60 2,120 53 B2 49 1
& 59,7 0,84 o8 2,133 83 133 75
ToTAL 343,3
eASE 9: p1 = 50%
1 199,9 0,52 132 0,825 79 145 92
2 20,4 0,92 62 2,410 sg 87 41 ¢
3 62,8 0,80 50 2,120 52 82 48 o
4 59,3 0,80 98 2,133 &2 132 74 0
ToTAL 342,64

05



ITEN ECKI)  PICD  AGGPC(D)  MUCD)  EM(D S & s
€ASE 10: Setup costs reduced by 20%

1 181,1 0,9 120 0,927 73 136 %0 7
2 18,2 0,96 53 2,716 53 81 435 2
3 57,5 0,9 s6 2,380 48 LT9 ke s
4 53,8 0,97 s 2,392 74 125 75 5
TOTAL 340,46

CASE 11; Setup casts reduced by 50X

1 44,2 0,9 9% 1,178 58 09 76 7
2 14,8 0,9 47 3,423 41 66 31 3
3 46,2 0,96 [ 3,05 40 66 40 5
4 43,0 0,97 68 3,000 61 99 40 3

TOTAL 248,2
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