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ABSTRACT

In this dissertation, a new approach for com-
puterized estimating for manufacturing and multiproject
scheduling 1s presented. The dissertation i1s divided into
two malh parts. The first part i1s on the subject af estima-
ting where a new approach for developing standard estimating
data th}ough mathematical modelling 1s described along with
the method to code parts and operations 1in syeh a way as to
minimize the number of time formulas and the computing time
effort. As an application various steps for the development
nf a computer program foa estimating labour time for manu-
facturing heat exchangers are presented. &

The second part deals with the subject of multipro-
ject scheduling and man-power control. Here tHe object of
the approach 1s to propose a mathematical model for schedu-
ling work progress for each individual project and the total
man-hour level required for all projects. By comparing the
actual job completion to scheduled or forecast completion
the status of jobs 1s determined. Proper production monito-
ring and optimizing of the cost involved can be realized
through continuous updatings of such production plans as

the one presented in this 1nvestigation.




N

v I3

AChknowledgement -

lhe author wishes to express his
gratitude and deep jd[)[)l(‘le(lt‘H to

his thesis sgperyasor Dr. I. . Sanhkar
for providing continued aguldance

throughout the 1nvestigation.

p)




iii

TABLE O' CONTENTS
7

page

ABSTRACT . . . e e et e e e e e e e e e e e e i
ACKNOWILEDGYME N'T‘q e v vt e e e e e e e e e e e e 11 o
TABLE OF CONTFENTS . . & & v v v v v v e v e e e 111 ! cuTy
LIST NI FICURFS e e e e e e e e e e e e e e e e v .
LIST OF TABLES . . « « v v v v v e et e e e e e V1

CHAPTER 7T b

Introduction . . .« v . v . v v e e e e e e e 1

CHAPER 11

Computerized Cost Fstimation . . . 6
> .

2.1 Function of Cost Fstimatior 7 o
2.2 Types of Cost Estimation. . 8 '
2.3 Cost of Making Fstimates . . 9
2.4 Actual Methods of Cost Fstlmatlon . o a '
2.4.1 Cost Capacitor Factors . . . . . . . . . /O
2.4.2 Lquipment Installation Ratio . . . . . . 11
2.4.3 Plant Cost Ratio . . . 12
2.4.4 Determination of Plant Cost by Analytxcal

Procedure . . . e 13
2.4.5 Methods for Detallbd thlmatoq e e e e 17
2.5 Comments and Discussions on Fxisting _

Methods . 18
2.6 A New Appkoach for Computerlyed rost

Fstimation . . . . 23
2.6.1 Formulation of the rqtlmation Problem .o 23
2.6.?2  Standard Data Development . . . . ., . . . 24
2,6.2.1Y Direct Methods . . + . + « « « « « « « 25
2.6.2.2 Indirect Methods . . . . . . « « . + . . 33
2.6.3 Computerized Estimatina . . . . . . . . . 44
CHAPTER II1I : K

A Case Study: Computerized Time Estimation ‘. . . 59




Lad s o
. » 0w
[N I O

o
£~

(O]
o

CHAPTER I

A-Dynamic
Schedulin

& o
N~

o O
. .
o
.
e

& Ln
.

E -
. e
w N

F -4
.« o
P N
& o

& Lon
wW o
-
-3
.
N

7

CHAPTER V
Summary a

REFERENCE
APPENDIX

APPENDIX

Description of Heat I'xchangers ,
Fabrication of Heat I'xchanaers
Paramprters Affecting Manufacturina
Time

Standard Data Devnlopmnnt .
Consolidating Time Tormula by Poqt
Centers

Coding of Hbat Fxchanqerq Fomponnnfq
and Assemblies

Computer Program for Tlme rthmatlon
Input Format for Data
Digscussion and Conclusions

.
,}

v

Approach to Man-Power Control and
q . .

Formulation of the Problem e .
Mathematical Modellina for Vteork
Schedule

Mathematical Modelllnq of Oxerall
Marn-Hour level for tMultiprojects . .
Updating of the Schedule .

Actual Completion VS Forecaqt
Completion .

Schedule Updatxng

Production Status for the Nultipro1pcf

Case . e e e

Project Monltorlng and Control
Meeting Schedule for each Indxvxduar
Project . . . . o e e
Minimization of Iarour Cost . .
Computeg Program for labour Forecast
and Updating . . . . . . .

S -

nd Conclusions . . . . .

S L] e . . . L3 . * »
.

I - . . - . . . . . . . . . . . . .

II . . . L] . L] L] . - . . L] . . . . .

iv

a0
3

61
72

73
7€
77

71
79

81

82
B8

ag--
Q7

a7
99

102
107

108
115

120

122

128

129

141




Figure

\ v

LIST OF I'IGURES

page
Pelationship Between Labour Time and

Pipe S1ze . . . . . . . 0 . 0000 40 .
Nomenclature for Heat Fxchanger

Components e e e e e e e e e e e e e 64
Nomenclature for Heét-Fxchangefs e e 65
Manufacturing Operations Sequence’For A

Shell Assembly . RN A 66
Manufacturing Operations §equence For

Assemkly of Bundle . . . . . . . . . . . 68
Manufacturing Operations Sequence of Final
rssembly and Testing . . . . . . .+ « . . 69
Fstimating, Manpower, Scheduling Inte;;
relationship . . . . . . . . .'. o e e e 83
Actual Cumulative Work Progress . . .. . . 87
Mathematical Modelling of Schedule

Progress . . .+ v ¢ v o @ 4 4 e e 4 e e 89
Progress of Schedule for Multiproject :

Case e e s e s e e e e e e .F: . 93
Man-Hour level for All Projects . . . . . ‘96
Actual VS Scheduled Completion l e e 98

Update Schedule . . ., . . .+ . + « « o . 100
N




Fiqure
} .
4.7 Cage 1 Ot The Forecast VarléyLP
4.8 Case 2 0f The Forecast Variance
4.9 Case 12 of The Forecast Variarce
4,10 ~Case 4 *f The Forecast Yariarce
4.11 Case 1 For The Sum 0f Forecast Variance
Of A1l Production Periods . . . . . . . . 117
4.12 Case 2 For The Sum Of I'orecast Yariance
Of All Production Periods . . . . . . . . 118
4.13 Case 3 For‘The Sum 0Of Forecast Variance

Of All Productioh Periods . . . . . . . . . 119
5.1 The General Computerized Network For

Manufacturing Control . . . « . . . . . . 127




vii

LIST O TABLLS

Table page )
' /s
2.1 Cost Of Making Estimates . . . . . . . . . 10
2.2 Process Plant Cost Patio From Individual
Fquipment ., . . . . . . . . . . . . ... 14
2.3 Installation Labour Requ{roment For 3
Carbon Steel Piping . . . . . . . . . . . 19
2.4 Fandling Time - Spur Gear . . . . . . . . 34
2.5 ‘Labour Hours For "Hole Operation" In Air
Ffame Sub-Asserbly . . . . . . .. . . JF ‘
2.6 Wall Thickness Of Pipes ., . . . . . . . . 43
2.7 Matrix Of Applicable Time~§ormulaé N L . 48
2.8 Component Coding For The Shortest Path
Computation '5. f P 54
3.1 Parameters Affecting Time To Make A Shell .
Barrel . . LRI ./{ .. ‘70 ~
3.2 Parameters Affecting Time To Make A Tube
Sheet . . . .+ . v o0 00 0 e e e 71
3.3 Mathematical Modelling For Labour Time To
Make A Shell\ Barrel . . . . . . . . . . 14
3.4 Groupings Time Formulas On The Basis Of
Cost Centers . . . w « + « « « o v o« o« o 75
0 / ;

N




‘ INTRODUCTION




Historycally, production management was per-
formed purely on an empirical basts., Decirsions were
I

neually based on the result of trial and error, experi-

mentation ‘and experience. lhere was little tendency to

mnvestigate analytically various production problems.

[y 1s understandable boecaunse en- the simMplest produc-

t1o sy sten 1nvolves many va;zgllst

[ 4 '

a
The new trend 1n produ tron management 1s to

.
‘

develop to(hnlqueiibased on analvtxcal‘ﬁppfodLhes uslhg
the method- already available in other fields especially
1 enginecring and mathematies.

With the dvailabll%ty of computers 1n many .
industrial ofgdn12a£1oné. 1t 1s now posstible ‘to handle
problems 1nvolv1qg a great many variables in modern pro-
duction management. When the variables i1n any production
system have been i1dentified and their relationships
defined, 1t 1s then possible to utilize computers for

&
the solution of production englneerlﬁg problems

. In this dissertation, two areas of production

management are discussed,namely:

{ 1) Estimating.

—~—

( 11) Multiproject scheduling and control.

¢ A '
e
vy

~
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The function of etimat U to grve caost data

for badding contracts, for vvalu(\tx.ng/ul1()rfx‘n1vh des1g0s
3 ~and nvestments, to allocate time (or scheduling and marn-

\ power control .

tstimating has a very empirical hasis cven 1n

large apdustrial organizations. An estimating <tanicdard

¢  manual usually consists of tables or Charts showing the
‘ " relatvxuns‘hxps between the variables. This method of esti-
. mating 1s time consuming and not reliable <1nce 1t leaves
¥
' much t& 1ndividual judgment and furthermore such estimates
. cannot be verified.
- A new dndlyrlclal approach tor ‘oc.tlmatmu, adap- |
|
. ' table to computerized solutions 1s presented - an Chapter ‘
) 1I1. Tha main i1deas of this umpte; are
/ ( v ) survey of various actdal methods for
’ cost PSt;"ldthH
( 12) gew approach for dcv\clopxng standard \
_data u\-ﬁ{lng mathematical model 1ihng
(111)  coding part< and operations to mini-
’ \ mize the thlﬂlatlr;(:) computation
( iv) computer programming algonthm‘
Chapter 111 1s a case study for computetized
estimating. Var‘lous/stops for developxng'a'compute.r
. -

program for estimating labour data for manufacturing
7. o« V« R
N~ ) .
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heat exchangers are presented 1in depth.

’ The second part of this dissertation 1s on multi-

{

project scheduling and control. The ob)ect of project
A~ - | -
scheduling 1s to plan agtivities 1n such a wayvas to ‘meet

!
the schedule and to Opglmlze the cost.Project schedules

-

Y are usually divided i1nto two categories:

o
" 4 .

( 1) single project witd no resource censtraints '

( 11) multiproject Wwith ywesource constraints

N \4
\ The first category consists of breaking down
j\ the project 1nto many activities and then determining
) N !

. |
\

the completion date and the amount of resdurces required
for each actlvity.Many ;chedullng techniques are available
for that, from the bar éhagt schedule for saimple projects
to the advanced, computerized technique such as C.PM,
( Critical Path Methdd ) or PERT ( Project Evaluation and
o Review Teéhnxque ). The main characteristic for this type
{ of schedulxng/}s that production 1s not subjected to any
|
[ exfetnal constraints. It 1s no longer the same for the
; mul£1pr03ect séhgdullng and control under the constraints
of résQurces. The principal feature of this type of schedu-
ling i§ that production is subject fo many random variables
such as incoming orders, material shortage, man-power
Availability, machine capacity, etc. Consequently ,
- ' production changes continuously.

vIn Chapter IV, a new approach for multiproject




scheduling and control 1s presented. The main 1deas of

this are :

(19

mathematically modelling the progress of

work for each individual project and the

)
total man-hour level required for all

projects.

monitoring production and optimizing

RN <
the cost through continuous updatinge

the production plan.

Summaries and conclusions indicating high-

lights of this i1nvestigation are presented i1n Chapter

V. Lastings of some of the programs are i1ncluded 1in

the Appendix.

of




CHAPTER I1I

COMPUTERIZED COST ESTIMATION




2.1 Function of Cost Lstimatyofn

Cost estlﬁates are made for various purpo-es, the
most important of which are

{ 1+ ) Feasibility «tudies

( 11) Selection uf alternative desians

(i11) Selection of alternative 1nvestment s

( 1v) Efficrent allocation ot tunde

( v ) Presentation of bids and contracte

Before funds are allocated tor capital expenditures,
feasibility 1nvestigations must show that the expected pro-
fi1t 1s sufficient to justify the 11k o1 capirtal.

Capital,cost estimates serve many ftunctions. Al-
though a design problem generally presents many alternatives,
the fiinal selection 1s always based on economie <tudies.
Again, those with money to i1nvest have a choice of 1nvest-

\ N

ments and decisions are primarily governed by cost studles.
Authorization requests from saimple acquisitiyns to large
scale expenditures mustnbe based only on accurate cost es-
timates.

Finally, vendors and contractors are compelled to
estimate bids carefully. If the bid is too high, they may

not be awarded the job, byt if the bid 1s too low , they

may be awarded the )O0b and incur a substantial loss.




2.2 Types of Cost Estimates

buring the progress of an engineering project,

various types of estimates are 1involved. At the 1ncep-
tion, an approximate estimate only can be 3u5;ifled, u&% as
the project continues and as approval 1s given at various
stag€s for design and contruction expenditures, the type
ot estimate changes. The steps 1nvolved can be described
using the definitions of the American Association of (ost

tngineers (AACE ). They are

(1) Order of magnitude or Study Estimate .
This estimate 15 made based on previous
similar cost infomation. Ixpected error
1n such an estimate 1s ¢ 20% ,

. ( 11) Prelimiqgry Estimate .
This estimate 1s used for budget
|
authorization purposes. Expected error
here 1s also * 20%

(111) Definite Estimate .

This esi}maie is used for pro;eét‘~
'control purposes. Considerable data on
the job are availabie but at a level short
of complete drawings and specifications.

”
Here the expected error is + 10%




( iv) Detailled Estimate.

Such estimates are used for bidding

purposes. They have an expected error

of + 5%

2.3 Cost of Making Estimatces

The cost 0of making an estimate of a4 given
aceuracy can vary over a large range. lhe figures 11
table 2.1 given by Bauman (1) <how that an estinate
of 50% accuracy costs very little, while one of 5% can
be very expensive.
2.4 Actual ﬂgtgqgénof_ﬁbsg_hbtlmdtlug

2.4.1 Cost Capacitor Factors

Cost estimates can be appruximated for a plant
or for equipment where cost data are available for similar

projects but of different capacity. In general, costs do

not rise 1in direct proportion to size of plant or

equipment. The relatibnship 1s generally expressed 1n

4

b‘e form: s

7

-
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ACCURACY

RANGE §
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l

-3 To
-5 To
' -10 To
i =20 To
;—30 To
I

-40 To

-50 To

12

15

28

40

50

60

70

r__, C e

15,000

\
|
|
\ 7,000 !
|
|
|
|

2,500

500
300

250

i i

|
l

900 . 1,700 2,800 i 4,500 ; 6,300 8,000 |
!

e —————————— e ey

-~

- PROJECT COST $ MILLION
- - , - SR

N oo

o |
o R R J

[
[
(64

COST OF ESTIMATL

N [
’ 1
25,000 | 45,000 70,000 80,000 {120,000 |

L 4

}
13,000 | 20,000 35,000 145,000 160,000 !

|

4,500 | 8,000 13,000 ;16,000 |20,000
950 | 1,500 | 2,500 | 3,500 | 4,500
600 | 1,000 | 1,700 | 2,300 | 3,000

350 600 900 1,300 1,700

| I

“Table 2.1

Cost of Estimate




<

where C., = desired cost of capacity

C

1l

1 known cost of capacity Ql

The exponent x in the above eguation 1s known as the cost
capacity factor. Nofmally x 18 about 0.6 and the .relation-
ship 1s referred to as the six-tenths factor 'rule (2).
) can be expressed 1n any consistent units as 1t enters
onlyhas ratio. )
Although x = 0.6 1s an average value for the

cost capacitor factor, it usually ranges from 0.2 to 1.0.
The 0.0 factbr should be used only 1n the absence of
other.infomatlon. Many other cost capacitor factors
can be found in the literature or can be caiculated by
plotting published data (3,4).

N N

&

2.4.2 Equipment Installation Ratio

P

In many cases, a cost 1s estimated by multi- .
plying one cost by a factor to get another cost. Thus,

the cost of a building complete with electracal,
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plumbing, heating, ventilation and air-conditioning systems
might be estimated by multiplying the cost of the shell by
l]io. -uch tactors are called ratio cost factors (5) which

miaght bLe aquod to an accuracy +20% when applied to the known

cost ol key 1tr1tems.

[
L3

A common use of ratio factors 1s the estimation of
the i1nstalled cost of yequipment from the purchase cost. Since
the 1nstalled cost 1g the sum of the fabrication cost, trans-
portation cost, cost of foundations, construction and connec-
ti1ons to service facilities, 1t 1s much easter to multiply

’

the fabrication cost by the appropriate factor i1n order to

arrive at the i1nstalled cost.

1

2.4.1% Plant Cost Ratio

4

Plant Cost Ratio are factors used for'obtalning
plant cost from maj)or equipment costs. Lang (6) recommended
multiplying the delivered cost of equipment 5y the‘follow-
ing f;ctors to obtain the tqtal process plant cost:

3.10 for solid process plants

3.63 for solid-fluid process pldnts

4.74 for fluid process-plants




Sy
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Such factors can Ee used only for order of magnitude
estimates because they make no allowance for process
variatiens and other variables that affect costs.
Greater accuracy can be achieved by using factors
based on the different types of equipment. Hand (7]

recommends the following factors:

4 .0 for fractionating columrs, pressure vessels,

pumps, and instruments

3.9 for heat exchangers

2.5 for compressors

A
2.0 for fired heaters, etc.

Wroth (8) gave table 2.2 for obtainina Process Plant

Cost Ratio from Individual Equipment.

2.4.4 Determinatigp of Plant Cost by Analytical
Procedure

Because of the wide application of computers,
there is 1%ferest in the use of equations, instead of
tables or charts for cost.estimation. Hirsch and

Glazier (9) developed the following equation, suitable
=3

i’!
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;
FQUIPMENT PROCFSS~PLANT COST RATIO
Blencer 2.0 \
/z/
Blowers & rans 2.5
Compresscrs 5.3
Ejectors 2.3
!
{ Furnaces 2.0
|
-4
Heat-Fxchangers 4.8
. a®
Instruments 4.1
Motors, Electric ) 8.5
T
Pumps 6.0
Tanks: ‘ .
Process 4.1
,
Storage 3.5
Fabricated and Field Erected 2.0
Towers 4.0
~
Table 2,2

Process Plant Cost Ratio From Individual Equipment.
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for computer calculation of Costs: v

A

\ I = F[A(1+FL+FP+FM)+ Bﬁ-{J
where T = total plant cost
Sy ‘
A —  total purchased equipment cost on

fabrication basis less incremental cost

for corrosion resistant alloys (in $ million).
-

| e Installed equipment cost.

w

¢ = Incremental cost of alloy material used
only for their corrosion résistind

- properties,

FE = Indirect cost factor representing
contractors overhead and profit,
engineering, supervision, and contin-

.:.

gencies. FE is normally assumed to be 1.4,

F.— Cost factor for field labour; F A is the
\ L
total cost for field labou£4qe35/9uper-

' vision, and efj;’dinq the labour charges

in item B,




F - cost factor for miscellaneocus items:

FNA$inc1udes material cést for insu-
lation, instruments, foundatiops,

structural steel, buildings, wiring,
painting and the cost of freight and

field supervision.

FP —= - cost factor for piping material, FPA

1s the total cost of piping material
including pipe, fittings, valves,
hangers, and supports but excluding

insulation and i1nstallation charges.

The three factors F F F.. are not simple

P’ M

ratios but are defined by the following equations:

T;’

log F, = 0.635 - 0.154 log Ao - 0.992 3+ o.sosi

log Fp = -0.266 - 0.014 log Ao - 0.156 $ + 0.556%
| Y, = 0344+ 0.033?109le +1.194 1

where_ Ao = '—ﬁ—- ‘
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e = total heat exchanger cost less

incremental cost of alloy

f - total cost of field fabricated vessel,
less incremental cost gf alloy,
ordinarily all vessels larger than

12 ft in Jdiameter are field erected. = -
r
Jd

P - total pump plus driver cost less .

incremental cost of alloy.
Ny

t = total cost of tower shells less
i

ihcrementalicost of alloy.
3
- \

i , \

These equations are easily solved but the effort

can be reduced by using the method of Walas (1),
i {

¢

J

2.4.5 Methods for Detailed Estimates

Detailed estimates are made on the basis of
’ ~

final drawings and specifications. For example, in
piping cost estimates, the total length of all pipes
and the nunber of fittings can be determined from

drawings, prices can be abtained from catalogues, and

installation costs can be'estimated on the basis of
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labour per foot of pipe and per fitting. R&berts (11)
gives Table 2.3 for Installation Labour Hours for

Carbon Steel Piping. !

2.5 Comments and Discussions on Existing Methods

( 1) Cost Capacitor Factor is purely em-
pirical with an error of 5%, amrd
15 used only when no other 1information
1s availlable

( 11) Equipment Installation Ratio and Plant
Cost Ratio are derived by correlation
analysis Bétween purchased cost of ma-
jor equipment and costs for 1installation,
foundation, supervision, overhead, etc.
Capital 1nvestmentvcost estimates by
these methods are generally more ac-
curate than estimates by Cost Cq;aci-
tor Factor method but still with 30%
error. All factors given are only a-
verage fiéures. So ES} a particular

plant, errors could be largef For exam-

ple the process-plant Cost Ratio for heat-

r

¢
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T I R A
‘ (1) (2) (3 { (4) (S)F (6) (7)| (8) (9%, (10) (11)
o | | |

| .
: Flange |Flanged | Pipe | Screwed
. Welds Joint Valve iHandling . Joints
| Nominal rer Hardling !Handlmnq iper Foot !  per
I pipe Connection per ' per '"of Pipe ‘Connections
! size , Flanges . Valve o
| (in) : T ?
J ! i
Std FExtra, 150 300 .150 300 'Std Fxtra'Mal- Foraed
Wt Heavy 1b 1b ib b "Wt Heavy leable Steel
‘ Tron
3/4 0.80 0.90 0.6 0.7 0.3 0.7 0.08! 0.4 0.6
i
S| 0.95 1.1 " 0.7 0,8 0.4 0.08 0.09' 0.5 0.8
|2 1.4 1.7 0.8 1.1 0.7 0.8 0.1l 0.14" 1.2 2.0
! ‘ |
|
b4 2.5 3.0 1.1 1.4 1.3 1.5 0.20 0.25
; ' i
.6 3.4 4.5 1.3 2.0 1.7 2.6 0.30 0.40
% ‘ ’ a
8 4.0 6.2 ) 1.3 2.5 2.5 3.8 ,0.40 0.50
| 1 \ I
» !
10 5.7 7.4 ;2.2 3.5 3.5 5.2 0.50 0.65
: !
5 ! | |
12 _ '6.0 8.512.2 4.0 14.5 7.5 ;0.60 0.7
l 1
14 | 7.0 9.4 1 2.6 5.0 6.0 10.0 | 0.65 0.78
o |
s{ ' 1
16 7.9 0.5 | 3.5 6.0 {7.0 13.0 |0.70 0.85

Time given is in man-hrs.

Table 2.3
I

Installation Labour Requirement for Carbon Steel Piping



(1ii)

- 2‘0_

exchangers is 4,8 according to Table
2.2, Material cost for stainless
steel. heat exchangers is twice as
much as for a similar one made in
carbon steel. But the cost for
1installation is the same for both
cases. Therefore, it would be wrong
to apply -the same factor for every
case in question.

Plant cost by analytical procedure
1s more satisfactory than these
previous methods since derivation of
estimates follows logical steps.

Further, it provides:

(a) mathematical modelling for plant
cost developed through exper-
ience and ghalysis.

(b) determigation of coefficients
in the equation involves statis-

tical techniques.
L]
(c) testing of cost model is possible

by comparing ¢bst calculated to

actual known cost of a plant.




(

iv)
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The following equation given by
Hirch and Glazier, Section Z.4.4
1llustrates basically the above

steps

I = F A(1+F +FP+F\,)+H+(

L
In this equation, A 1s defined
as tot;1 purchased equipment
cost less 1nCcremental cost of
alloy material. This separation
1s basically sound since labour
cost defined as FlA does not
depend on extra cost due to
alloy material. This characteris-
tic 1s also applied to other cost
factors defined i1n the equation. .
The basic difficulty 1in detailed esti-
mating is that estimated cost for every
part has to be 1i1dentified. This requi-
rement is essential not only because
error expected must be within + 5% but
also for cost contrel purposes. Present

methods for detailed estimating are

highly empirical even 1in most large
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industrial organizations. The estimating
standard manual usually consists of
tables or charts showing relationships
between different variables.Disadvantages
of these present methods may be summa-

rized as fol lows:

(a) They are time consuming and
expensive

(b) They leave much to the indi-
vidual judgment‘and hence
are not reliable. Results

’

cannot be always verified
- §

To overcome these shortcomings, the use
of computers for estimating seems to be
a logical approach and is explained in

the following section.

Vo

-
™~

2.6 A New Approach for Computérized Cost Estimation

2.6.1 Formulation of the Estimation Problem

Project cost is usually divided into two main




classes:

( 1) direct cost™

( 11) 1ndirect cost

Direct cost 1s composed of labour cost and ma-

terial cost. Indirect cost 1s composed of engineering,
supervision and marheting costs.

It 1s only necessary to be concerned with esti-
mating the direct coust since indirect cost can be expressed
as some fixed percentage of direct cost depending on the
type of engineering project. The problem of estimating

4
could then be formulated 1n the following manner:

’

Let xl,xz,...,xn be the different components
of a project. [In the construction of a house for example,
the final form of the house is defined as the project.
The foundation, floor, partitions, heating system,etc are
\\ then defined as compone;ts. In a mechanical project, com-
ponents with all their characteristics are usually speci-
fied on drawings_and on a bill of materials.

Let Cl' C v e Cm bé different classes of

o B/

<

labour. For costing calculations, class of labour is
usuyally known as cost centre. Basic pay rate and percen- '

tage of overhead vary with cost centre.



¢
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15 defined as the labour time in hours 1in ' ¥

cost centre (. for processing component X]. Suppose Ll

be the cost of labour per hour for cost centre C,» then

labour cost L

Labour cost for x

1'

a matrix form:

i
|
|
)
J 1m

2j72
, X
Coy
C22
C2m

Total labour cost for the project

B for processing component XJ

nl

n2

is then

1s

n can be expressed 1n

Ltd




let M
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. Mp be different classes of material

used for the project.

Suppose Ui be the unit cost for material of class Mi’

then material cost MCj associated with component xj is

Material cost for %

Mij

M.
c)

is defined as quantity of material of class

1! le

expressed in a matrix form:

Cl

c2

H

21

22

—
Mll M
M12 M
Mlm M

2m

’

MUy +

X
m

can then be

M

'Mi expressed in suitable units to process component *j'

U
Py P

//:
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Therefore, total material cost for the project is

m YNA
.o -
VoM = . ) M.
C 111
/ ) ] /_‘ B J
y=1 =1 1=1

For man power planning purposes,1t 1s required to know
the total labour time required for cost center Cl. It
m.

is simply equal to ) Ci) . Similarly, total required
=1 m

. Y -
material of class M1 1s equal to [ M ., For budget

. _):l 1)
sCreening purposes, Lt 1s necessary todivide costs into
many structures. For example in housing construct%on,

H

costs for foundation, partitions, electrical installation,
heating system are usually separated.

Suppose T T: eee T, .. T be q structures

1’ T2 r q

of cost. Tr will define on the set Xj' ( 3=1,n ) a parti-
tion Pr such that for any Xj that belongs to Pr' the cost
associated with XJ will belong to Tr' This could be ex-

pressed by the following algebraic notation:

v xJ € Pr —>> meaning cost associated with

XJ will belong to ’I‘r
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There are also q such partitions Pr corres -
ponding to q structures 'I‘_.) (=1, q) of cost.

The total direct cost of structure Tr 15 ther

hd \

given by

The division of project c:omponents, into many structures

is very useful for estimating similar work or readjusting

estimates when some changes have taken place. In such

situations, the whole estimating process need not be

repeated but only variables affecting the change need be
P

taken into consideration.

In subsequent developments, it is necessary to
be concerned only with labour cost since m'aterial cost
is available once all components of projects are speci-
fied.

Fstimating labour cost is reduced to evaluation

of the matrix:




G

o . -
0 Sy om0 S
“yoo Co2 7t T Chog

|
. - o

!

|
(lm (2m T o 'Cnm

As defined previously, CLJ 1s labour required to process

XJ at cost center Cl. The ob)ect of computerized estima-
ting 1s to evaluate ClJ for all 1,3 by aomputer given as
input data all project components and their characteristics.
To make 1t feasibhle, standard data for labour calculation
must be 1in the form of algebraic equations rather than

tables or charts.

2.6.2 Standard Data Development

There are two methods to develop standard data :

( 1) Direct method

(11) Indirect method




plrect Me thod

The direct method consists of the following:

(a) T.me study 1s used to determine the time
required by a qualified and well-trained
person working at a normal pace to do a

A

specified task. The result of time study
4

1s the time that a person suited for the
Job and fully trained in the specified
method will need to pertorm the )ob i1f he
worhs at a normal or sta;dard tempo. This
time is called ;he standard time for ope-
ration.

The equipment needed for fime study
work consists of timing devices and auxi-

liary equipment. The devices far measuring

time are:

(1) stop-watch

(2) motion picture camera (with constant
speed motor drive or with a microchrono-

meter in the picture to indicate time). The




(c)
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/

/

#

auxiliary equipment consists of ob-'
servation boar’, tachometer and slide
rule.

Methods-Time-Measuremefit (MTM) is a
system of motion-time standards which
was developed from motion picture
studies of industrial operations, and
the time standard was first published
in 1948. This system is defined as a
procedure which analyzes any manual
operation or method into basic motions

required to perform it, and assigps to

»

each motion a predetermined time
standard that is determined by the
nature of the motion and the conditions
under which it is made.

Worksampling is based on the laws of
probability. A sample taken at random
from a large group tends to have the same
patternslof distribution as the lafge
group itself, Sampling can be used for

measuring work as for measuring delays,

v




-31-

1dle time and performance. On short

cycle, repetitive operations however,

time gtud&, elemental time data, or

motion data would be usually preferred

fcr establishing time standards. Sam-
pling can be used profitably for measuring
long cycle operations, for work schedules
where people are employed in groups, and
for activities that do not lend themselves

to time study.

All above mentioned techiques for data collection

and analpwls are equally valid. The use of one technique

rather than the other depends strictly on circumstances.

Once data have been collected, analysed, and standard}zed

time standards can be developed from elemental time data

and formu{as. In compiling time standards, elemental

. .

time is usually divided into two classes:

\

1)
(ii)

» constant elements

variable elements.
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.In machine tool work for example, the time for,manipu-

lating the machine and for checking and removing the
;iece is likely to rehain constant for each element,
provided the size and shape of the piece are within
reasonably close limits. The time for making the cut
.
is the variable here. This machine time can often be
calculated when power feeds are known. For example,
in milling machine work, if the feed of the table in

inches per revolution of the cutter is known, it is

then a simple arithmetical problem to find the time

required to mill a piece of a given. length. Allowances

must be provided for the length eof the piece, for the
approach and for the travel of the cutter.

. As an example, consider the time for gear

* cutting given by (12)

N B

M
FSH
where M = cutting time in minutes.
N = Number of teeth.
&
L = length of cut.

N
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F = feed in inchesa per revolution of work.

S = speed of hub in revolutions per minute

H = lead of hub equal to 1 when it is a
single lead, equal to 2 when it is a
double lead. Handling time for gear

cutting is given by Table 2.4.
{

v

2.6.2.2 Indirect Method for Devgioping Standard Data

Direct method for setting time standards 1s
often used when work is repetitive and when work can
be measured by observations. When none of these
conditions are applicable, indirect methods for setting

time standards are used. Indirect methods are usually

clagsified into two categories:

{ 1) Statistical Method

(ii) Mathematical Modelling, |

Statistical Method: Regression and correlation techniques

are used for estimating the value of one variable when

another variable is known.

Aa




10.

11.

Ogerations

Time in Minutes

Place blank.

N :‘ nurber of piece per chuck
Place washer - arbour nut,
0il center.

Advance tailstock.

Lock tailstock.

Tighten center.

Loosen arbour nut.

Unlock tailstock.

Back tailstock.

Remove arbour nut - washer,

Remove gear,.

v

Table 2.4

Handling Time - Spur Gear

ing.

0.05 N

0.02

0.84

(Chucking - Removing)

A

A

0.05 N

/




bxamgle: To determine the relationship between the

total labour required to assemble an air-frame sub-
assembly and the total number of "hole operation”
such as drilling, reaming a hole, placing a rivet,
etc.) in the sub-assembly as given by Table 2.5.

For linear regression, the relationship 1s

represented:
Y — a + bX
f)(2 Ty - I” X oYy
¢ where a —
n L x° - (T o’
n ) XY - “x L Y
b —
2
n T x° - (E X)

For the "hole operations™, Table 2.5 gives

Tx = 2,174 , K 46.1 T x° - 786,368

Y = 27941 I_XY = 14,512.6
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Study Total Number of Hole Operation Total Hrs.
Ry

A 236 5.1
B 80 1.7
C 127 3.3
D 445 6.0
E 180 2.9
F 3413 5.9
G 305 7.0
H 488 9.4
1 170 4.8

Table 2.5 ’

Labour Hrs. for "Hole Operation” in Air Frame Sub-Assembly
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Therefore,
a = 786,368 x 46.1 - 2,374 x 14,512.6 = 1.245
9%786,368 - (2,374)°
b = 9 x 14,512.6 - 2,374 x 46.1 - .0147
9x786,368 - (2,374)°

The equation for the line of regression thus becomes:

Y = 1.245 + .0147X

Application of reqres;ion analysis for setting time is
very limi§ed since it can be used when only two variables
are involved, even so, the calculation is usually very
long. For multivariable relationships, formulas for
regression analysis are exceedingly complex. Another
reason which does not favor this statistical technique
for setting time standards is that it does not permit

a causal interpretation or an insight understanding

of the manufacturing relationships.




»
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| Mathematical Modelling for Setting Time Standards:

This may be the most suitable technique for developing

{ i1)

(1i1)

( iv)

( vi)

Mathematical modelling also can be used to

verify the validity of a given standard data.

time formulas for estimating purposes. The general

procedure is as follows:

All manufacturing steps for processing
a component must bhe identified and
lidted in sequence:

At each step, main variables (com- }
ponent characteristics) which affect
manufacturing time atre identified.

For each manufacturing operation, a
mathematical model for labour time

is established as a function of the
identified variables.

Time’formulas are classified according
to cost c{:ters.

All time formulas for the same cost
center are added to give a more general

time formula,

Time constants and coefficients are de-
téermined by comparing the time values
measured by the’ direct methods (time

study, past data, etc.)
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For example, in Table 2.3 given by Robert (11)
the labour for making butt-weld connections 1s almost
proportional to the size of the pipe. THhis is 11-
lustrated in Figure 2.1. It is required to verify
the validity of thrs time standard:

The time given for butt-weld connection is

composed of 3 elements:
( 1) cutting pipes and‘preparinq edges.

( i1) fitting pipes and tackwelding

connection.
T1iii)  welding.

By mathematical modelling, time for these

operations will be determined as follows:
The time tc for cutting and preparing édges
is proportional to the section of the pipe or to

the product DT where D is the average diameter and

T is the wall thickness. It can then be written as:

*F

%



HRS

10 1

l nominal pipe size
+ t + t + t + "

2 4 6 8 10N 12 14 16 18 inch

Fig. 2.1 _
£~

4

Relationship Between Labour Time and Pipe Size to Make

|
|
|
|
Butt-Weld Connection -Given by Table 2.3.
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te = K,PT 4+ c

where Kl is the constant of proportionality
C1 is the constant for start-up
The time te for fitting pipes and tackwelding con-

nection is proportional only to the diameter Dsof the

pipe or

The time ty for welding butt-weld connection is propor-
tional to the volume of weld to be deposited or to the

product nTz. *

Therefore, t = K.DT -+ C
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Then the total . time t for making a butt-weld

connection is: N

|

— 2
= (KlD'T’ + Cl) + (K2D +C“2) + (K3DT +C3)

— 2
= K3DT + KIDT + K2D +-(C1-+ C2 + C3)
' Let K4 - C1 + C2 + C3 : Then,
— 2
t = K3DT + KIDT.+ KZD + K4

If the wall thickness of pipe is the same for
all pipe sizes, then t will be proégrtionaltto the
diameter of the pipe. Such is not the case since the
wall thickness varies with the size of pipe as given
in Table 2.6. Theref;:e, the time standards for butt-
weld connections given by Table 2.3 are not reliable.
Error involved can be significant as the diameter of
pipe increases.

Constants Kl' KZ' K3, K4 of the equation for

t may be determined as follows:




A

— - -

Nominal Pipe Size

-413-

(Inches)

3/4

1 1/4

11/2

2 1/2

10
12
14
16

18

e B e e -

Table 2.6

Wall Thickness 1

(Inches) |

0,113

0.133

0.140

0.145

0.154

0.203

0.216

0.237

0.280

0.322

0.365

0.375

0.375

0.37%

0.375 .
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e

let tl’ t2, t3, t4 be actual times recorded for butt-
weld connection for pipe of diameter Dl’ D?, D3, D4
respectively. Let Tl' T2, T3, T4 be the wall thick-
ness corresponding to diameter Dl’ DZ’ DB' D4. Fol-
lowing relations may then be written:
2 .
ty = B30T + KDy T) + Ky (D)) 4 K
2
t= K3BTy ) 4 Ky (D,Ty) + Ky (D) 4 K,

_ 2
B3= K(PyTy) + Ky (DyTy) + Ky(Dy) 4 K,

B 2
t:\— Ky(D, Ty ) 4+ K (D, T + Ky(D,) + K,

=

This is a system of 4 linear equations with unknown
variables Kl' K2' K3, K4.

for different set of diameters, average values for £1'

By repeating the calculation

K K3’ K4 can be determined.

2'

2.6.3 Computerized Estimating

When all time formulas {i have beeﬁ determined

for all components, they shall be grouped on the basis of




-45-

cost enters CJ as shown in the matrix given in Table 2.7.

The usual method of writindha computer program for estimating
labour time 1n this case 1s to make a sub-program for each
time formula and to give a code for each component. tor
example, 1f component 1 is given code 1, component 2 1s
given code 2, etc., we may have the following main program

(excluding 1nput-output statements).

+
Read, component, code, pl, p2, N o

Go to (1,(2. 3, . . .5, 11) cede

S

1 C2(,l) = {l(ply p:, . . ety pm)
Ch(1) = [Py Py o - - By
i
C4(1) = {S(F'lo p2' I pm)
Cs(l) = &(Plv P2v . & ’ pm)
Cé(l) = Ig(pl' P21 I M ? pm)
Go to x
& »

2 | cy2) = f(pypgs - oy

e
w
-—
LY
S
u

. f3(pl.' p2' . " L) Pm)




11
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-
C,(2) = {5(131, Por + - v P
Go to x
C1(3) - {I(Pl; P2; N . ' Pm)
’
S C5(3) = {4(;3\1, Por + + = P_)
e
Go to x
’
CB(ll) = {;(b\’ P}\y ’ Pm)
|C5(ll) = '1(5([)11 p2r U ) pm)
g
X ! ----- el N gl Tl SRl S Y -"'-'-'-"'-'-"‘K‘ \.
Note:

- 4
Ay

L3
Ci(g) is defined as time required to process

componeﬁt J at cost center i and Py» Pos .a'.’
are conponent: characteristics such as length,
width, diameter, etc.
If a time formula is executed ﬁore than 3
times, it will be compyted by sub-programs
)

»

as follows: ‘.



Function sub-program

~ r

Function {i(pl,"pé, - - 4Py )

{;(pl, Pyr « « <Py ) :i ~ - - - (time formula)
Return
End

Acgordingly, 4 sub-programs are required for (1,‘ {2,‘

{4, {5. This method of computer programming is accep-
table when the number of time formulas and the number of
components 1s relatively small. In the case of a com-
ple; estimating problem involving a large number of |
componénts and time formulas, this method is very cum-

bersome and might not be workable as explained below:

Suppose m be the number of components, p be the average
number of cost centers per components and n be the number
of time formulas, then the number of programming state-
ments is:

'S

( 1) ﬁb executable statements [type Ci(j) =

\ {,(pl. Pyr « - .,pm)] .



ar
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€1 % €3 4 € C
R O R RO O RO AR R €
I |
L R
+ Cormponent 1 L X ¥ ¥ X
L |
i
Component 2 X X X
I
—
, Component 3 X ! X | a
I ;
Component 4 | X | Lox i i
~‘————wL + + l% I %-—————%— — :
l} ) i '
Component 5 ; i b g a X
— ; ; |
| i o
Component 6 X X 1 ‘ X X
. J L
T I
Component 7 x| | x J X X
‘ I -
Component 8 X X ! { E X
B
Component 9 X X E X
| g
Component 10 X ! ¥
Component 11 X W X
5 6 3 4 5 2 4 1 2
B S

Note: Cl’ C2, .« e ey C6 designates cost centers

Q' _&, « e ey '& designates time formulas,

Table 2.7

Matrix of Ppplicable Time Formulas
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( i1) m control statements (type Go to X)

(iii) n sub-programs for time formulas.

W Therefore, for efficient programming, the number

%

-

of program statements and of sub-programs must be reduced
to a minimum. This concept is explained further in the

next section.

2.6.3.1 Programming for the Shortest Path Computation

The basic 1dea of this approach 1s that components
should not be coded randomly, but should bLe classified i1nto
families and groups and then coded accordingly.- The first
step 1s illustrated by using the same example given 1in

Table 2.7.




Component 1 X X X
———— -
Component 2 I X X
e .
Component 3 | X f X
S S
Component {4 , X .
I
o e I B}
Component S5 ; ! X | X
S L
Component 6 ) SRR ¢ ;
AN
—_—————- PR $
1 " T
Component 7 ¢ X ¥
M) IL
Component 8 X l X
I
Component 9 T 4 X
I
Component 10 X
Component 11 X Y
4
5 6 4 5 2.
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The algorithm is as follows:

( 1) List frequency of use for each time fprmula.
Determine the formu{a ﬁaving the highest
frequency. In case of more than one highest
frequency, select any of them.

(i4i) Group together all components sharing this

0

formula by row permutation, leave all other compo-

nents in the same order.

The original matrix will then be transformed

into the following matrix.



e e e e -

Component 1
Component 2
Component &
Component 7
Component 8

Component 9

Component 3
Component 4
Component §
Component 10

Component 11
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(2.9
| c, |c, c, c, c, C,
L G| 1 [fe |
_T‘_*_#._ —t— — - . A - e ]
| X x | x X X
, X | ¥ ¥ ,
x|
1 X x | x X
X X X
. {
l XX X
e e = SRS TS SR § DU
. . ‘ {
L2 - 212 4 | o 11 2 |
t |
‘ ]
o o
|
LoX ! X
| “ Y
X Ly
} X X
X | X
X X
s lo |1 |2]13 0o o0o]o
p—

The same procedure is repeated for the remafning components

and then for each family until no further grouping is pos-

sible., The final partitioning yields:
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C1 C2 } (’3 C4 C5 C6
r—“————‘\
(1 .‘(2 {3 {4 {5 {s ](7 )(9{ {9 |
x = - J Y ’”HL—*_—‘%
- Component 1 X X b4 b4 i X :
— N
~ — - - . — - — -t t-‘~‘—~ - —t - —w—-}——f————?
~ | component 7 I X i ¥ | X ! y% i
~—
— - | S R A A
Component 2 S X X l ; l ’
i | | i ! '
1 A B |
Component 9 XX ‘ | . ' ; .
t l i
R - - -t _—-——4—- - -1'-— - - 4 - e e e ey
Component 6 | X ; ¥ | :
. | | o o
i | [
Component 8 | X ' X | X
B T e
{ Component 3 X X ' ' ‘
i 1 t
i * \ ) . ! ’ i
l I ' i - | !
Component 4 | X | i > S v |
- ] | )' ; |
} I ‘I ‘ ‘ “ ! | '
Component 10 | X ! X l !
- ——f - - B et —-<L———— R Y 1 —— % % | L
1 ' | I |
Component 5 o | X X ‘ " N
|
|
Component 11 X X l

As a result of this matrix, components will have more than
one code. The first code designates the family, the second
designates t;e group, the third designates the sub-group
level 1, the fourth designates the sub-qroup level 2, etc.

The coding for the above example is shown in Table 2.9
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Code 1 Code 2 Code 3 Code 4
Component 1 1 11 111 1111
Component 7 1 11 111 1112
_ S S —
Component 2 1 11 112 -
Component 9 1 11 112 -
Component 6 1 12 121 .
. -
Component 8 1 12 122
T A S __
Component 3 2 21
Component 4 ’ 2 22
Component 10 2 23
i ) —— .
Component 5 3 31 )
}____ ———— e
Component 11 3 32 N
Table 2.8

—~\\\\\ Co&ponent Coding for the Shortest Path Computation.

\J
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The corresponding computer program may then be written

as follows:

11

Do 1000 IT=1, N

Read component (I), Code 1{I), Code 2(1), Code 3(1),

Code 4(1),
pl(I), pz(r), ey pm(I).
m1 — Code 1(1)
m, = Code 2(1)
m, = Code 3(1)
m, = Code 4(I) h

Go to (1, 2, 3) my

c {1y = {2 Ealm, P, (I . . ., pm(lﬂ

Go to (11, 12) m,

1 = {5 [:le' Pt o . pm(I]




111

1111

112

12

121

122
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Go to (111, 112) m3

c.(1) =
3 {4 [le, P (T)

Go to (1111, 1112) m,

C (1) = \(7 P,

Ce (1) = 4 fP](I),
L

Go to 1000.

C (1) = {3 [lel

Go to 1000.

c (n) = {1 ,'pl(”,
[

Cgtl) — 1(7 [PI(I),

Go to (121, 122) m,-

Ce (1) — {é [pl(x),

Go to 1000,

P, (1)

~3

(1)

P_(I)

lae)

(1)

P, (1)

P2(I)



23

31

32

1000
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Go to (21, 22, 23) m,

C (1) —

3 44 [pl(r), P,(T)
Go to 1000.
C. (1) —

5 {5 [le, P, (D)

Go to 1000.

C. (1) —=
5 4{6 [PI(I). P2(I)

Go to (31, 32) m4

C,(I) —
3 {4 [51(1). P2(I)

Go to 1000,

1) —
5 {s[vlm. P, (T)

Continue.

-.pm(l):]
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The result of data reduction pbtained by this program

1s as follows (excluding 1nput and output statements).

]
r

Random Coding Optimum Coding

Fxecutable statements type Cq(L) =[f 33 17
|

Control statements type Go to 11 15

Sub-programs \ 5 0

As an application of the new approach for compu{erlzed cost
estimation, the next chapter shows the development of a
computer program for estimating time for manufacturing heat
exchangers. This example 1s chosen because it is of a com-
plex nature and involves fully all the various aspegts of

-

labor estimation described previously. .(

¢
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CHAPTER T1II1

A CASF STUDNY:

COMPUTERI ZED TIME ESTIMATION FOR MANUFACTURING
‘ ﬁ/

> ,~
HEAT EXCRANGERS




p
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3.1 + Description of Heat Exchanger

Heat exchangers, as the name implies, transfer

heat from one substance to another. There are 3 basic
modes of heat transfer .

(1) conduction

(2) radiation
and (3) convectyon.

JIn actual heat exchangers, all three usually come nto

¢ -

play, 1n varying degrees. The most conthon of all heat

exchangers 1s tgz shell and tube type where the main

mechafiisms of heat tgansfer are conduction and convection.
These heat exchangers are used exteﬁsxvely in the

Processiqg and wae} generation industries. In particular

they are employed in
;
(1)

feed-water heating. R

(2) ~ lubricating-oil cooling.
A - .

fuel oil heating.
service-water heating.

compressed-air and gas cooling.

heat reclaiming f rom ¥low-down

and other wastes.

engine cooling.

n

-
v3

L s




(8)

(9)

transformer-oil cooling.
refrigeration evaporators or chillers and

rary others.

A heat exchanger is selected after careful consi-

derations,

To design a unit for a particular application,

manufacturers need the following information

. TN

(1)

(2)

(3)

(4)

(S)

(6)

(7

(8)
9)

o~
[
=]
—

—
[
()
~—

heat load, Btu per hr.

total quantity flow of fluids entering
Iexchahqer, l1b. per hr. l

specific heat, thermal conducttwvity,
viscosity and specific gravity of fluids,
in appropriate units,

temperature into and out of exchanger, °F
operating pressufe of shell and tube fluids,
psig

allowable pressure drop ‘for each fluid,
cleanliness of fluids, sediment oxﬁ%ontami—
nant carried. "’

available installation space.,

}
data on corrosive conditions that may affect
-
exchanger material,
type of unit required.

horizontal or vertical installation, etc.
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Main assemblies and parts of a typical heat
exchanger are shown in Fig. 3.1(13). Some idea of the
diversity of types could be gaired throuah Heat Fx-
changer Nomenclature, Fig. 3.2(13). '

A wide variety of materials is available for
exchanger construction, type selected for each part de-
pends on operating conditions, particularly on their
corrosion resistance. TEMA (Tubular Fxchanger Manu-
facturers Association) standards list the following
materials:

Shells: Pipe of carbon steel or alloy steel. Plate of
carbon, carbon-silicon, molybdenum, é;st iron.
Flangé: Forged steel, forged alloy steel.

L 2
Channels, Channel Covers, Shell Covers, Floating Heads.

Cast steel, cast alloy steel, cast brass, any material

used for shell.

Tube Sheets: Alloys o?‘!!!per or iron, a

Baffles-Support Plates: Steel, non-ferrous material.

——

Tubesg: Carbon a Carbon moly steels, alloy steels,
hFopper, copFer alloys.

Tie Rods-Spacers: /Same as baffles or tubes.

Nozzles: Forged carbon steel, forqu alloy steel,



-613-

3.2 Fabrication qf Heat Fxchangers

Fig. 3.3, Fia. 3.4, Fiag. 3.5 show the basic
sequence of manufacturing operations for constructing
some parts and\assemblies of a heat exchanger of type
AFT of Fig. 3.2. For another type, sequence of op-
erations might be different depending on 1ts main

=)
features.

v ~
3.3 * Parameters Affecting Manufacturing Time

For a particular type of heat exchanger, size
and material of its components vary ove%'a large ranqe
since the final dimensions of a heat exchanager depend
on all the factors mentioned in Section 3.1. For
example, materials and thickness for shell barrel is
selected on the basis of corrosion resistance, and
operating pressure; size of nozzle on the hasif of
quantity flow of fluids entering heat exchanger given
in lb per hr. The}efore. time for manufacturing a
particular heat exchanger will also vary considerably.
The first step in developing standard data for esti-
mating labour through mathematical modelling is to
identify paragmeters affecting time for each-manu-
facturing eration. Table 3.1 and Table 3.2 illus-

r

traté examples for this purpose.

)
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M-2 NOMINCLATURE OF HEAT EXCHANGER COMPONENTS

For the pomo o of est iblohing standerd tereunntopy bigice N2 lustrates various types of heat ex

chorers iypual parts and cennrchions, for llustrative purposes anly  are numbered for wdentihication
i Table N2

TABUE N-2
Voftetmnary Head Channgd 20 Stnon Backing Flange
<4 Tabonary Head - Bonnel 21 Hhysbn s Head Coser Fxternal
- 35 tonary Head Frange -- Channel or Bonnet 22 faeting Tubesheet Skt
* (hannel Cover 23 Pack ng Box Hange
SoSt boary Hhead Nazzle 24 Pacmaoy
b tLtonory Tubeshert 'S Packing Follower Ring
! Tubes 26 Lenti i Fang
R Shel ST T Dads ot Spacers
Gy Cover . . Jao Teansverse Hofiles or Support Plates
Lo sro i eve-=Shtinary Head Fnd \ 2O am, n)""xllf Baflle
11 CEE - o bhad fod S Lertachnd Batlie
i el faozsin $1 0 Bass Voatibon
i M Coar flange WOV Coarection
Vb s on bt 34 Droan Cotaw chion
P9 fu v Tl Jhest ( 1 ot eont Cannection
oo el Cover i 9 CTupport Saddte
| A T A I O B 1 fl'lv'l:llﬂ’,_
fs v v 0P ke Device B Support Bracket
Ju (I" P S car HA(I,I A4 Weerr
6 Lauid Lo cel Cannection
FIGURE N.2
- ( .
(:\. f)(‘(j “\()(\)f) (7 g) 2 DXE
\ ! 'u ' ‘ B \J 11 /
[ S St / Y
i ’ | +/ —y
NPT S B \ T"M"
* e 4 -
‘\’; Sy PR g - s e -"—"v—- Y'""‘"F" . r.-.'1- R k,:—__ z' -
C - -
f ! S [N
( /
TOTT ORI n _TTImeT 0 LD LI IITITITIIIL LIty oeem e it
F ' ) I
- .
Y] [P PR N B T T T U NIOUSS T A T SR N
L. ‘? S PN ’ | I '
sr J _,‘”,:) ' v /"_L . _,‘l. } " 'ty ‘ ' \)
’ ' " | TR
| \ oo \
@

/I /( /‘ | \ /
ORONCINOENORNE & & @ ("

m)

ALH
Fig. 3.1 Nomenclature foT heat exchanger components.

»
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Fig.

|
I

Shell Barrel Shell Flange

Layout Machine

Flame Cut I Layout For Drilling
f
Crimp Fdqge $ Nrill Bolt Circle Holes
3 i
i
Roll ]

Tackweld T.ong Seam

Weld Long Seam (Inside)
Chip-Grind For Backpass
Veld Long Seam (Outside)
Round Up

Chip Excess Welds

X-Ray Welds

Fit And Tackweld Flange To Shell Ra;rel
Weld Inside Girth Seém
Chip~Grind For Backpass
Vield Outside Girth Seam

3.3 Manufacturing Operations Sequence For A Shell
Assembly.,




Shell Nozzles

Weld outside girth seam

Cut nozzle bhody

Chip and arind for ¥-ray Machine edae

X-ray Fit-tackweld

flanage to body

Layout for nozzle openings

1in shell body Held

Flame cut nozzle openings Grind for X-ray

o0— - o 00— 0 .

Grind nozzle openings

N —

Y-ray welds

-—o—O—0—— 00— 00— —0

Fit and tackweld nozzle to shell body

-

Shell Supports

Burn off excess nozzle: length

l.ayout details
Grind flush T

$ Flame cut
Dye check weld

} —0——0o—0—

e _— L Sub-assembly

¢

Fit and weld supports to shell

Post weld heat treat shell assembly

Sand blast

Machine gasket face of flange

r Fig. 3.3 (Continued)
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Tube Sheets

Layout for flame cut
Flare cut

Machine face and turn
O.D,

Layout for drilling
Prill-rear tube holes
Croove tube holes

lLayout holes for tie
Rods

Frill-tap tie rod
holes

Machine partition
grooves

Deburr
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Baffles
Layout Q
Flame Cut

Layout for
Prilling

Drill holes
\

Cut to size ‘%

Assemble baffles
Turn O.D,
Machine slots

Deburr

O

Build up bundle cage

Apply tubes

Expand tubes

.

Tie PRods

Cut to
length

Thread
ends

SEacers

Cut to
length

Fig. 3.4 Manufacturing Operations Sequence for Assembly
7 of Bundlies.

\
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Shell Assembly Bundle Assembly

Channel Assemhly

I

,___,(ﬁ,,___._ - ~~[ -
L
-
l
Floatinghead |
Cover Assembly
|

Shell Cover
Assembly !
e [_‘ — '

E

ASSFMRLF ALL TOGFTHFR

R

/ HYDROSTATIC TFST

SAND RLAST

——

PAINT

Channel Cover
Fssembly

1
|
N

Fig. 3.5 Manufacturing Operations Sequence of Final

Assembly and Testing.
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Thickness

ol

T

"

Long Seam

_

I,

Shell Barrel To Be Made From A Plate

o
|
-

Length
—
Operations
|
F~(1) Layout contour,
(2) Flame cut,
& (3) Plane edge.
(4) Crimp edge.
| (5) PRoll.
i (6) Tackweld long seam,
( {7) Weld inside long seam.
(8) Gauge backpass.
(9) Grind backpass.
(10) Weld outside long seam
(11) PRound up
(12) Chip inside long seam,
(13) Grind outside for X-ray.
Table 3,1:

Parameters Affectina labour

lenqth, width
. length, width, thickness
slength, width, thickness

length, width, thickness

|

[

{ length, thickness
!

|

{

|

i length, thickness, material
L/lenqth, thickness

length, thickness

length, thickness, material
diameter, thickness, length
thickness

length,

length, thickness

NDiameter

Parameters Affectiﬁq Time To Make A Shell Barrel.




\ Operations
f

!
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—_— PR

(1)
(2)

(3)
(4)

(5)

f\/’
(6)

/ (7)
(8)
. (9)

(10)

Table

Layout contour.
Flame cut.
Machine fale and
outside diameter,

Layout for drilling.

Drill-ream tube holes,

Groove tube holes
Layout holes for tie
rods,

Drill and tap tie rod
holes.

Machine gasket grooves

Deburr tube sheet,

A}

3.2

[ Y

Parameters Affecting Labour
Time

e e e e

Thickness, diameter

Thickness,
sheet

diameter of tube

Ntameter, thickness, material

Number of tube holes, number
of gasket arooves
Number of tube holes, diameter

of tube hole,
sheet materiall

hickness of tube

Number of tube holes- diameter
of hole 4 material

Number’pf tie rods,
Number of rod holes

Number of grooves, diameter of
tube sheet

Number of holes, thickness and
diameter of tute sheet

Parameters Affecting Time to Make a Tube Sheet.
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3.4 Standard Data Development

\

After analyzing all operations-and determining

all factors which affeet manufacturinag time, standard

data are developed using the mathematical modelling
]

technique which consists of two steps:

(1) mathematical relationship bhetween labour time

for an operation and its time parameters is
assumed to be a certain algebraic function with
some unknown time coefficients. The type of
function depends on the operation and manu-
facturing texhnique.

(i1) time coefficients will be determined after some

statistical data for the operation have been coi-

lected and analysed.

Table 3.2 shows the mathematical modelling for labour

time to perform various operations for making a shell

barrel using the following ﬁ%menclature. ///’
Ci . time constant for start up
K, . time cogfficient
D -.. diameter of shell




length of shell

¢
= thickness of shell plate

W = width of developed shell plate

~

-

3.5 Copsolidating Time Formulas By Cost Centers

o]

In a detailed estimate, it is required to estimgfe
labour time for each component on the basis of cost center.
The reaso; is mainly for accounting purposes since labour
rate of pay and overhead cost are not uniform. Therefore,
labour time for operations at same cbst center are added
up to yield a single time, The end result is that for
each part or sub—éﬁsembly, there will be only one time
formula per cost center. In fabricating a shell barrel,

there are 3 cost centers td cover 11 operations of Table

3.3. This 48 shown on Table 3.4,

&




?

-

) ] ,//“

”

.

“G

Operations Time Formula Explanation
. - L K
/ ’
(1) Layout cqitour ot o= Kl(LHJ)+‘F1 time is proportional
to: developed contour
1]
(2) Flame cut ' t = sz(rﬁvw C2 developed contour
' ' section
(3) Plane edge (contour)| t = K3T(L+W) C3 developed contour
0 : section
| .
- (4) Crimp edge t = K4L¢-+ 4 longitudinal section
[
. (5) Roll t = K. LTW4 C_ ~ welght
| / 5 S
(6) Tackwe1d " t = K6L-+ Cﬁ lenath of lonag sear
1(7) Weld inside t = K7IT2+ C7 ! volpme of weld
(8) Gauge backpass t = KSLT+-CP | cross sect) of
(9) ﬁrind backpass t = KyIT+C crass section of
: 8 :
X ) ' seam
\ ) l
(10) WwWeld inside t = Klolﬁ‘+-C10 volume of weld
(11Y  Round up t = K11£I?+ Cyy | volume of weld R
D
. u S
A r"
; 3 -
Note: Timg cdefficients Kys Koy v Ky, and €, €,

|
[
|
'
-
. t ' : . . . )
. T . . T . c . s

. e C11 are to bhe determined by work measu‘emont

= technique: time study, records of actual time
rﬁent, statistical analysis. ’
€ ’ ' '

Table, 3.3: Mathematical«MQdelling‘for l.ahour Time to

F 14

)

-

Make a Shell Barrel, ¢ - J

K . J V.
-} ‘. [S

-

’

!
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[ Cost Cost
Operations Center 1 Center 2
|
——— e e
(1) Layout ' AV i '
| ay ou ! Yl()'+ )+—(‘] ’ Y
; (2) Flame cut : C O KRTIEN Oy ‘
| ‘ i
(3) PYaENe bevel FaT{LaW) + | j
{ | l
N 4 i I .
| (4) Crimp |k4IT+(‘4“ | ]
| 5 RO . .
X | (5) 11 !KSIT‘HQ ‘ ! ﬁ
(6) Tackweld L KGL + (‘6 -
f ' |
(7) Weld inside ! l F7I,T2+ Cy
! t
| .
(8) Gauge backpass, KglT+ Ca
i ‘
(9) Grind bpckpass' | KoLT4C, ‘
i ~
. 2
10 Weld i .
| {10) el outsuo’ . Klnlj‘ +C o
| 2 ! ‘ l
: (11) Found up ( «; K11%+C11 ; : .
- ' i
L_\._;., «_ - t ! i. J _—
Time at cost center 1 —: IT(F + Y)Y+ C, .+ C
: o, R
\. .,
. | N .
’ Time at coat center 2 =— KM ¢ K-l (T4 4 {!~']+ K 1Ty (‘4+ C,j, -
. ?
-~ (Ky3 ¥ }bp+l< )I'F+F“___
‘/ : ) ’
) g T O G Cyb et Cot Oy
\ - -
: )
centeo —I ur ‘ .
’I:igma at cost center R (K7+ Vm) v oC,t o
’
! '
[}
H ‘ " ’ '
Table Vo4 tuoupingk, time formulas on the hanis of
- by .. " . .
capt- genteara, . , > .
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3.6 Coding of Heat Fxchanger Components and
{ *ccerbllies

St

l

]

}

% ‘ After all time formrulas are deve]oped,\com—

} ponents and sub-assemblies are classified into fam-
1lies and groups following the procedure explained in
Chapter 11, fection 2. There are in total 41 families,
each a%ain divided into mary groups and sub-groups to

cover 183 parts @nd assemhblies of various types of

heat exchanaers. An example 1s shown below

Subh-
Part Name i Family Code Croup Code Group Code
N .
Shell barrel {(carbon steel) 1\ 1
Shell bharrel (stainless steel) 1 ) 1 * 1
N Channel barrel (carbon steel) 1 7 1
Channel barrel (stainless 6 1 1 1
steel) '
Skirt barrel (carbon steel) 1 ]
Skirt barrel (stainless steel) 1 1 1
»
Impact plate {(carbon steel) 1 2 ' .}
' - \ "
Impact plate (stdinless steel) 1 2 -
' Shell cover assemblies (cdrhon 2 1
steel)
Shell cover assemblies (stgin— 2 1 ]
- . less steel)




on Appendix I. The main features of this program are:

(1)

(2)

(3)

A sample of computer print-out is shown on the followina

page.

3.8
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Computer Program for Time Fstimation

The listing of the computer proarar 1s shown

LY

211 components and assemblies of a heat ex-

changer are read into computer memory - parts

and assemblies are then sorted,into farilies,
Sy A
Number of parts per family is recorded.’

No sub-program is reqqired. Computation be-

e

*gins with all parts of family 1, then with ’

family 2 and so on. Computation is on a
'

straight line basig.

Eetimate time for each part is given at each
12
cost center.

Input Fprmat for Data

Input format will bhe prepared on the basis of

type of heat exchanger., All parts and codes wiflgho
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preprinted. The only data entry necessary are parameters

associated with each part or assembly. The format miq&f

te as follows: \\

1

Heat Fxchanger Type A.F.T.

Thickness| Length | Wi1dth |Diameter| Code| Code
Part Name {Inch) (Feet) |(Feet ) tInch) ! | 2
e ~\~.}_ ———— - —_—
|
Shell Cover b b g ; 2 1
t
Shell Cover X X ¥ X : 1) 1
Skirt ‘
Shell Cover X ¥ !
Flange { ’
1 ' ;
Shell PRarrel X X y X I 1 1
| | T
Shell Flange X X l ! | .
Channel Barrel X X X x | 1 |
i ' | ?
Channel Flange X X ‘ ! '
Nozzle X | X . 6 } 1
Coupling X X 6 2
5 ) N
3.9 Discussion and Conclusijions

Comparing with the conventional methods of estimating,

”
v

computer estimation technique is not gnly timg saving but

i - '
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AN

has also the following advantages:

e

-
( 1) it is consistent; eliminating all guesswork
t
( ii) standard developed through mathematical modelling
is faster to establish since variables and time
relationship are already i1dentified, eliminating
all unwanted insignificant’details for the data
collection process_
(ii1) time standarQs undér mathematical formulas are .
not only in short form but also more accurate
than the tabulated form.:zMoreover, it is not
possible to present a multivariable relationship
by tables or charts
( iv) it is easy to revise, update and ihprove standard
data under mathematical form by comparing to
the actual time spent. Reqreésion analysis
computation for multivariables is easily &

‘

performed since the form of the equation is al-

ready known \\

Theoretically, estimating by computer can he »

.realized in all activities which ¥an he measured quanti-

tatively but, because of cost, it can he justified only -

in complex non-repetitive projects’,
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CHAPTER IV

A Dynamic Approach to Man-Power :

Control and Scheduling




re~
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4.1 Formulation of the Problem
/‘

Fstimating, obst control and scheduling are
closely 1nterrelated. Fstimating provides basic data
for setting up the production plan such as to determine
man-power required and to prepare schedules for the
project. Man-power and scheduling 1n turn will provide
actual cost and time data for estimating. This inter-
relationship could be visualized as a close circuit
as shown i1n Fig 4.0,

1he tigure shows that the accuracy of any
estimate requires optimum use of manpower. [he optimum
use -of man-power in turn Can obtained only through
optipum scheduling. There are two typesg of production
plans to be considered: J

(1) single project with no resource cons-

traints: Construction of a high-rise
building 1s an example of this. Sche-

ts only of determining

dates when various types of‘resources
: are reduired. These resources are

theoretically supposed to be available

when required. In this type of sche-

duling, the problem of man-power con-

trol is not crucial since all activities




— 7

,_,‘ FSTIMATING J-' 1

I
|
|
|

MO -
MANPOWER CONTPOL 4

.~

O U |

r

]

[
S L SCHFDULING - ~ 1

Fig. 4.0 Fstimating, Manpower, Schedulina l

Interrelationship,
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can be preplanned in advance.
(i1) Multiprojects with resouyrce con-
straints: Lo
]

This occurs frequently in the manufac-

tdrinq industry where many proijects

are carried out at the same tirme using

the same resources. The object of

production plannina is to optimize the

use of resources and to meet delivery

sch;du]es of each individual projyect. \
\

This 1s a very complex problem since

it involves many random variables such

as:

(1) award of orders,

() material delivery.
(3)’ machinery breakdown.
(4) quality problems., |
(5) labour tugn-over,
(6) shop capacity, etc.

S
Due to all these causes, the production

plan has a time-varying characteristic sSQy

that any analytical approach qivinq




F
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l

only steady sta{te solution either of

deterministic br statlstlcal nature

become:/ﬂﬁ/g:ﬁh approximation. In this

chnpter

a dynamic computerized ap-

proach is proposed to optimize sche-

duling and/cost. Before a detailed

dlscusstpn is presented, an outline of

#steps involved is given bLelow

(iii)

( 1v)

each project i§ defined by a
certain quantity usually 1in
termﬁ)f man-hoirs,

proaress of work for each
project 1s assumed to be a
certain function tﬁat 1s ob-
tained through mathematical
mode 11ing, '

as a result of step {(11) , man-
hr. level required for

carrying all projects simul-
taneously is to be determined.
the feasibility of the pian

is to be established by com-

paring the man-hour level
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|

required to the shop capacity,

Pfter production. has started, actual
.

proaress of work 1s recorded for each

project, This 1s for comparing the

original work schedule ard from this

a new schedule is generated. C(onse- -

quently a new man-hour level for all

projects is obtained. The forecast

yariance between the prey}ous man-

hour level and.the new man-hour level

is to be proijected over the proiject

time.

Such updatinq'is to be made on a
frequent basis. The object of ;anage-
ment decision is to minimize the fore-
cast variance or, in other words, to
reduce the fluctuation af man-hour

level forecast at each updating.

A1)l the above steps are to be compu- .

e

terized for mechanical updating, -~
Details for each step are explained -

L

in the following Ssection.
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. . 4.2 Mathematical Modelling .for Work Schedules

If duting the life of a project, the proqr;§§r

~

of work is plotted against time, a curve such as the one

shown on Fig. 4.1 is usually obtained. This curve 1s shaped

like an S and consists of three distinct portions, namely

N

(a) start-up period,
¢« (b) "full manufacturing period,
: . . (e), -ending perioé. . - : X

~

-

&Based on this characteristic, a siﬁplified

del as shown in Fig. 4.2 is proposed to represént the

19

’

pyogress schedule of a prbﬁect. This curve contains the {

following informa;ion:

- f . T —
M -

Q = is the total hr for the project -

.

S .=, is the starting date of the project,
* . . Il , ) .
) ‘ usually expressed as the day no. of the

. manufacturing calendar.
L ‘.

\ . Ct ' o ..
= {8 the completion date of ‘the pfoject4 .
. { ‘\ . N ‘ ;
. ‘ | L
» , i v ,
\ t . ) ® !
. A v
. v .
S - A -
. / o . ¢ . ' i
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a is the start-up period, usually expressed

as nu'mber of working days.

' . ) Y
b is the ending period. ﬁg
* | ' ~
R

m is the slope of the full manufacturing

period which\f}a the only unknown variable.
\ .

The slope of the curve at the start-up and,

.

ending period i¢ assumed ta be 1/2 m. It is required
")

-

"now to find the éciuation for this curve or precisely

to find y(t) for the following cases:

((\ i’) s £t { S4a,

N

(i) S+ a \( t £ F-b,

&

‘- ({i1) F-b  t £ F. N
‘ ' \ N
.- _ - First of all, the slope m is to be determined

[y

' from‘t‘he.following ‘relation using ‘the geometry of the

’

curwged




for/S+a \< t (F-b

(\ y (t) =

’ * Lo
=ma 4 m(t-S8-a)’
2

- Qa 429 (-8 - a)
2.(F-S) ~-a~-b 2 (F-8S)=-a-b

L4

- Q (2t - 25 - a) . “f

. ' T 2(F-8)-a-~=ub




~92-

(111) for F-b  t <F

AN

. y(t) = Q@ -n (F - t)
rs 2 "
. ' 20 (F - t)
‘ y(t) — qQ -' .
S ' ., 2 (F-8) -a-b

| 1

For the multiproject case, the progress schedule
will be ohtained byhthe aone approach for each individual
project. Fach proiéct will be determined by its Bwn value
of Q, S, a, b, F.”Fié: 4.3 shows a family-of curves repre-

senting the progress schedule of various projects.

-



Man-hours

~

Cumulative

ooe, S04

Schedule Day No.

v

giga 4.3 Progress Schedule for tﬁe Nultipréjact Case.

) . \ - -




. 4.3 ‘Mathematical Modelling of the Overall Map-Hours‘~

g . , ,
. ) Level for Multiproiject Scheduling N ‘
~ ® \ \/
v t 3 S . r F . a. b .-b Lﬂth m t : s '] -
Le QJ ’ j J, J' 3 e e ;?ara eters -de
fined in Section 4.1 for project j, (j =1, n).
..
Suppose yj(t) is the cumulative progress sche-
' dule fo; the project j at time t, then the total cumu-
. ' “ <
# jative progress schedule Y(t) for all projects is:
n .Q (
Y (¢) = § . vy (B ‘ ‘
x ! J = l ¢
Pl -
. s '\
The total man-hours required to befcomﬁleted dprihg time
¥interval "(t, t + h) is then: ~ VvV
/ N . .
\ L n ' n \
\ _ . , . Y (¢4 h) — ¥ (t) ‘:".. S aV; (t4h) .- E RE (t)
" j=1 ’ J=1
!
N
¢ , \’ .
I ~ . s -
:‘ d ,ﬁ} - 0 ! .. ' . . .

b * *
B R e e D B a ¢
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~
f \
i Then the total man-hour level for all projects at time
} o t is equai\éo the limit expressed by
|
o
| Limit Y (t+h) - Y (t)
‘[ \
| h—e0 . h
|
|
: s
| ) , .
| Limit Y (t+ h) - Y (t) Y' (t)
e P — 4
™ / h—o0o _ ° h
‘. n - n_ '
Limit ' . (t+h) - - (t)
: ) vyt 2\ Y .
h'— 0 1=1 = S

Plotting Y' (t) pgbinﬂ%ﬁtime, a curve shown in Figq. 4.4 is

A

obtained. This curve éhows,how man-hogfs re&ﬁirea is ’

-

distributed over time to meet the Qchedules. The shided

LI

,,Efff,gf this cufvéyrepresénts,the work progngss-wo(i)'

required dutring interval (b o g/ ). Or
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™
)

n -
W) = E y'y (6 0 de

f“ ' Y' (t) dt

-

The’feasibility of the plan can be determined by com-

paripg the man-hour level required to the mj}imum pro-

>

duction capacity. * . .

4.4 Ug@atingﬁbf the Schedule ,

. A)
4.4.1 Actual Completion VS Forecast Completion
N ~

» \

During the progress of each'project, the actual
completion is recorded and its cumulative value xﬂ(t is
. a ot , a
plotted on the same’graph Fig. 4.5 showing the progress

schedule yj(t). The following conclusion can be ther

deduced:
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( 1) if e (£ Vs (t) : then project j
is ahead of sche-

3 . dule.

(1) if x5 te) ¢ ;\ (t) : project j is be-
, . 1
hind of schedule.
oo 0 '
(iiiy) if XT (t) = yj (t) : project j is on
»

schedule.

( -

Fig. 4.5 shows the situation where the actual completion
A -

x;(£) is behind schedule y, (t)..

|

n

4.4.2 Schedulé Updating

!
Since there is a variance between the. actual

completioﬁ’and“éhelséheduled completion, to maintain’fhg
delivery date, the scheéu{e,must be revised showing the

new man-hour requéiement. The updated schedyle curve to-
gether Qith the original schedule curve is shown on Fig.

v !

4,6 in which S.l igs 'defined as the status da;e, Oa as the
cumulative actnal completion. To find the equation for

the update schedule, it :is assumed that during intefval

4

(Sl, F-b), the productien is at. constant. completion rate m:

and during the ending interval (F-b, F), the completion

rate is equal to 1/2 m The slope my is then calculated .

1°
from the following relation:

. Q s
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3
, ml(F-bfsl)+mlb:Q-Qa~
~ ; * '
- - %
¢ m = .
(o
.\/\ - ’
then m, = a2 (Q-0) .
- = N ‘x
21-7' - b ‘- 251 L '
the updating equatJion for yis)l is then:
(i) s, .t CF-b 7
. 1 "\ ‘:J .
L - ’ A
. R ) /‘/2(0,—03) (t - 5))
a y(e) = my(t - 8 =’
-\ . - 3

h—s 4. l' ’},:

¢

2F - b - 2§

(@ - Q,) (F - t)
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4.4.3 ' Production Status for the Multiproject Case
. ” ~
,." r ’
The overall man-hour level is also required

. * . \ R
to be urdated after produ;tion has already started.
The update must ‘also be made on a frequent basis, pre-

ferably at the beginning~of each‘period. A perigd could

-
N
A8 <

- be a momth, a week, etc. As by Section 4.3, Wo(i),{s
"“heaned as the work progress schedule for all projects
for period i with i varying from 1 to m. After the

first period has elaésed, the first update % made

8

and similarly W, (i) is defined as the first updated

work proyfess schedule ‘for period i. For the ff;gt up-
date, i varies from 2 to m since the firsé period {(i= 1)
has elips;d. Similarly for the general case, wp(i) is
rde£1n¢d as the pt" updated work progress schedule for

~. _ period i with i varying from p to m.

/ , .
n ‘the same way, thé following nomenclature i?

Al
-+

gsedxtor" quent developments; ’ 5
o y Rj4£§‘::' the pth update‘for the cumulative

work schedule of project j, j varying from 1 to n.

;- y

L}

" L}
work schedule for all projects.

Period i = time interval defined by the starting

¢

date ti - and ending date Li of the schedule calendar.

oo - . ' . -

Y%(;) = the pth update for 'the total cumulative

W
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ypj i) = the pth update for work schedule of

prc‘ct j for perio8d 1, i varies from p to m:

o .. p
yj(l)—yj_(ti)— y'j(ti-l)

wp(i) — the pth update for work schedule of all
Y
projects for period i:

Wp&:, Y, (t)) - Yy ey - 1)
. b
il y.(t,i)-}: AP G

s J
i=1 izl

From the above nomgnglature, the -following

‘ '
equations may be deri%d: g
‘ |
(i) backlog of work for project j at the pth/
m - N . ’
- p . [ ~
update,.L_ W j(i). )
1z=p “ . '
P (q)- - p
( Z ()= 2T yy y 3 18 o)
Iz p i=p ' ‘ i
S Y . .&‘ \
L= P (e
. 7




1] - : )
r
. N )
p .
r’ ~
14
]84~ N
. ' . ¢ '
~ ’

‘> where ypj (t,) — total hrs for project j ! Qj’

ypj_(tp _ i) ‘actual cumulative completion

of project j at the pth update.

(ii) backlog of work for all projects at the
th m . .
p update, E Wp(l). .. b
=
f
a
m i ' m
1)) i) — Y t, - Y .
E p()__§ [p(l) p(tl_l)]
i=p i=p ‘
\ "9 .
= Y -
» p (tm) Yp (tp -1

H

‘ n . n - R
Yyt o Y v Ty oy

j=1 N I
‘ . ' ! ‘ (' \ /

(iii) fétecast variance \€6F work completion-of

¢ '\.Q ] .
project j for period i at the ﬁth upda%g; :\\



L]

. : g .
\('1v) Actual time completion of project j for '
period i — p - 1 at the pth update, . :
. 3,
- o N “m :
S W W - 3 - WPy
i=p -1 ~ T i=p
m l N ] ,m ‘ .
N W =5 W@ = WET e+
. 4 ~ . . \
i=p -1 . S i=p .
. ) / ¢
. N
o - - |

\—»
[ 5
"
o

AL
[N
iy
o
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w?-} (p-1) _is -the forecast completion of project j at

the (p-l)th forecast, §heréfore, the status of the
actual completion as éompared to the forecast comnpletion

depends on the sign of the expression
A}

3
—
3

m m )
(a5 . w‘J"1 i - 5 w‘; 1 > o,
i=p . iz p

-

» . the work is ahead of schedule.
[} Yy
I A R
(b) W, (i) - 8w (1) o,
L 2N
i=1p i—p .

I

-

~work is behind schedule. Y
.‘Iz’? : :{ ‘

(v) Actual comﬁaetion of all prodjects for period
‘ )

i = p-1 at the pth updaté,

N

\ m ‘m.

- 5, "W
E ] wp -1 W ) b (1)
=p -1 = P K
) ;
Y
m m -
W i - i w -
12_';_‘_1,“,_1() i}:wp():% s-1 (P14 }
- .} . =P ‘ / J |
- ) " - W
] W 1{(1? 5 )
' =p '
1‘ ./ '




'
where WP_l(p-l) is the forecast completion of all

projecfs for period i ::p—l, therefore, if

(a) Zm [wp _q ) - wp]i)]} o,
</ | |

e work is ahead of schedule.

)

\ m / . "
: o > [Fp -1 @ = W W] < o,
. i=p . N
‘work is behind schedule. , /

\

4.4.4 \Exog§5t Moni toring and Control -

The objects of project monitoring and control

.‘, \7 ] ) . . \

are:

N
( 1) to meet the schedule of each individual.

- project,

(ii) . to minimize the cost. .




4.4.4,1

orx,

\V4

with

oA

~-108-

Meeting Schedule For Fach Individual Project

g
Here the problem is to minimize the expression

. ,
(1) - ij (1)

pr—

for j = 1, n or it is required to minimize:

4

Al

1 . P ,
: - . ¢
{i) w 3 1]

n m -1 p
" _ :
\) (1) wj (1)\>
j= 1 1 =P
n .m
[w‘;_l (1) - WP (i)J\
iz 1 =P
m ln -.
(7w - Wy
i=p j=1 - |
-~ |
* |
n |
-1 - P :
2 [ﬁ? (i) W 3 (1{}
j=1 -



Case 1: \iﬁis is represented by Fig. 4 7.

m
then Zn Ew‘;"l (i)—ij (1)] > i
' j=1 i=p { 2

o J -

l{m "

> [ - “ﬂ .

1=p

N\

-~

This pkoves that in multiproject scheduling,. to obtain the ~
first objective, it is required only to meet the overall
schedule rxathér than trying to meet the schedule of each

individual ‘project. This can be obtained by keeping

J

- .
'E [?p -1 (1) -y (iﬂ ’ as 5@511 as possible,
i=p ”

- .
let 2(p) — E -[Vp - W= Wp (iﬂ . and plotting
Y \.'i: ) :
s
) . ’
—_— £ \ . )

it aS'functxon of p, the followinq cases may be obtained '

[

(.

(p) is a decreasing function showing that the
633{31} completion is always behind schedule.

It suggests that one or many of the following

p:;R&ems exist:
P




(al low™} abour performance.

(b) lack of manpower.
(c) lack of shop.capacity.
(d) ﬁnr?alistic scheduling.

Case 2: This is represented by Fig. 4.8.
2(p)- is an increasing function showing that the
job is always alfead of schedulé. It suggests

. that one or more ®f the following problems exist

|

i (a) excess of ma*power.
: 3
(b) loose stépdérd data. Y
> al .
Case 3: This i% represented by Fig. 4.9. &

. Z(p) fluctuates to a great extent across the p
axis. It suggests the existence of one or many

of the following problems:

&

(a) inconsistent standard détav
' {b) material shortage.
~—
' “(e) unrealistic scheduling.
; ' ! .

Case 4: Thie is represented by Fig. 4.10-
2(p) fluctuates in a fmall narrow ringe, sug-
gesting that the ovefall completion is satis-

factory as compared to the schedule.
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AN
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1

|

. \ .
Bquation ‘ Z(p) = [wp_l(i)‘- wp(i)]
i—_—p , ’

update
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Forecast Varijgnce Z(p), Hours

-112-
Equation: .- N
. - ¥
S
N z == E ' W i) - W_(i
(P)' p_1(1) p(L)]
P=p -
/
-]
. N
! .
r .
/* | - i - N
/* |
¥ |
)
0 1 2, 3 4 5 6 7 8 9 -10 pt*h ypdate.
Fig., 4.8 -Case 2 Of The 'Foreca%:ar-iance. )
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update




The Forecast Variance z(p),

Figure 4.10 Qa%e 4 of Forecast. Varianceé
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3

Hours

§

\ . D ) . j

. z(p) — [wp_l(i) - wp(iﬂ

1%

E

—xir
p

update.
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k]

/,
<
4.4.4,2 Minimization of Labour‘Cost

- 4 .

One of the criteria for labour cost minimization

\
is that\ thg”praduction is under control. 1In other words,

the’ variances of the Work forecast for‘every production

Mo

period are to be minimized.
pericd mj N
‘ Let Wp (i) . —  Mean 'value of work forecast
w, (1y , =1, p
] [
R ) o
Then W_ (i) — W i
= _ > 3 W . .
R i=1 ¥
¢ Let Vp (i) =  variance of work forecast ) -
W, (1), 3j=1,p )
) \
s -~ /—:\( * = ™
| \§ n_ . 2
v (i b w, (i - Wp(i
LW o= X 21‘”) /p()l

N
»)

t
inv (1) = i P
| mnp( - mn.}'_‘:‘ v )
i=1 ' i=1
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This shows that to achlieve minimization of labour cost,

¢

it is required to minimize the sum of forecast variance

for every production period. ' T
m

Suppose Va (p) — 2 ’Vp (i) and by plotting
iz 1
Va.:;D as a function of p, one of the following cases may
\,‘
be obtained;

Case 1l: This isshown by Fig. 4.11. V_ (p) is an jin-
Pruitbeus Sy ) “( a ‘k
creasing function showing that the production
‘ plan is in the uns teady state. It is a clear in-

dication of hiqhﬂlabour cost.,

-

-This is represented by Fig. 4.12, Va (p) is a

decreasinqqfunction which is an ideal indication

4

|

of labour cost as well as schedule status.

Case 3: This is represented by Fig. 4.13,
kB , :
Va (p) . fluctuates but follows a decreasing trend
showing that production improves each time
the plan is updated. It is a good indication

that the labour gost is under control.

‘

R ry I R ~ o . " n . T o

13
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4.5 Computer Program for Lahour Forecast and Bpgzting _’:§
/

The listigg of the program based on the new ap-

proach presented in previous sections is given in the
4 .

‘ .appendix:

The input data for the program are:

(a) project name total hours, starting day,

ending ,day, and completion hours,
-ygr

(b) ending day for each prodbction‘reriod.
, ' (c) the update no.

(d) previous forecast.
- N -

9

A sample of the print-out is shown on page 121.

s
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CHAPTER V

L
Vs
SUMMARY AND CONCLUSIONS

'




In this dissertation, a new approach for com-

puterized cost estimation is preseﬁted. The main ideas

of this approach can be summarized as follows:

( i) Mathematical modelling of estimating
standard data. 7y
( ii) Classifying components into families

and groups in such a way so as to mini-
mize the number of time formulas.

(iii) Coding components on the basis of family
and group and writing the722mputer pro-
gram accordingly. . 1

( iv) Standardizing inpu£ formats for,speediqg
up data preparation.

( W) Comparing estimates by coTputeg of actual

time spent to improve the reliability of

i ﬁ
- time formulas. ’
‘ |
The proposed metﬁbd has a number of advantages
over the conventional methods, the most important of which:
, are: |
B Y ( i) Eliminating all guesswork.
| &
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( 1i) Consistency in the estimating process.
-(i11) More reliable standard data since it

cap be subjected@ to contipuous revisions

and updatings.

( iv) Reducing estimate costs. .

( v) Instantaneous estimating results.

To showan application of the technique developed,
A case study for computerized estimating of labour time
in the production of heat exchangers is presented in details.
The actual method and the computer program for this are
presented and the listifng is given in Appendix I.

- Fyrther in Chapt'er IV, a nevw dynamic approach

for manpower control and scheduling is explained. This

chapter together with Chapter II form a new integrated

approach for manuf%cturing control. The main ideas of

Chapter 'IV can be summariazed as follows:

1) Mathematical modelling of work progress
of a project as a function of its man-
hours, its s.tarting day and its completion
day of the schedule calendar.

( 11)_ As a res’\‘xg of the mathematical modelling
for each \individual project, the man-

* power level req\ﬁted to execute all projects
)

-~ \
~
.
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™~

tége{her is to be dgte;hine? for each
manufacturing period. , o
(1iii)” After a manufacturing period has elapsed,
the actual completion hour for ea;h prg-
ject is recorded ané is compared to'the
forecast coﬁeletion. A new ménhour fore-

cast is ?enerated for each projec%,and a

, {
new manhour level for all projgcts re-

-
quired for each mapufactuf&nq period is
to be determined. Updating is r;quired
at the end of each ménufacturinq period.
( iv) Thejoverall work progress.status defined
as the difference between the actual)
completion and the forecast completion p
is plotted against the update number.
Depending on the trend Sf the curve,
decisions are made to minigize the fore-
cast variance and at the same time to
minimize the labour cost.
( wv) A computer préqram for implementing the a-
bove steps is developed and given in

" Appendix II. A sample of ‘the computer

print-out is also gikén.
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/

The new approach has many advantages, the most

important of which are :

( 1) It 1s a dynamic approach adaptable to
the time varying characteristic of the
production plan. ‘
' (ii) Coordination and optimization of re- ~«
_sources requirédd fbr many projects can
" be realized through the frequent up-
dati&gs of the overall plan.
) These two new approaches preserrted above can .
be integrated inﬁs a more gene:&i computerized network
which includes the C.P.M. neﬁwork for each individual <
project. The main idea of the general computerized net-
work is shown in Fig. 5.1.
The aone appgp;ch is not applicéble to a mass-
production type of industry. Where production is almost
" at ahsteadQ state, the apalytical techniques particularly

useful for optimization for this type of industry are li-

near programming and-queuing theory.

<
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Appendix II

Computer Program For Multiproject

Scheduling And Man-Power Control




D e - m——— . e e — - - -
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1 READ ¢C(C,S1,L1
AD0 rORKETL213) @
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———— JE— ry

TP READ A LUNAPEL D I Il 2V 020,020 o LT )
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TIV 6Ch-FG-479 3-8  wAINPGN ) DATE  O1/15/ 74 T IvF

JIF1y-26)16C, 165,145
14C J=Jel
6169 T T T T o oo ooerh o T s m T -
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150 #(AET, 1h=n.’
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151 g=9e1 /
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- SUMET P=SUML L eNaINt L, J) B B T T T T
1FLI-2602059,210.21C°
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—— O A L I 2 L -
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238 PYON(1.4)=1C0000.0 A ,
236 CONT INUE 1 : T T

0C 285 L=1,2 Y D

— e — U
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23T PRINY 240, (NEPTLIIFIN, 12T R
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PRINT 250, 1 INAPE (10,021,020 Jdenlek)y — -~ 7 = 77— : " )
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27 RMAT(/LRy3A gl ol egIX oS0 3XeitapINe e X e IMe oSNy 153X 1M, 1,
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