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What is a Process ?

— A group of related tasks with specific inpufs
and outputs

— Such tasks must be designed and

riowe

Shop-Floor Layouts

= Shop-floor layouts in the Product-Process Matrix
ppecasidtecaico.lisbon.pt

« Shop-Floor Layouts

* Process-based (Job-shop) Iayout—=~-~~-
— Operator-machine models

* Product-Based Layout et
— Line balancing S

— Manufacturing cells design

e Other Layouts

e Learning curves
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150 Typology of manufacturing systems

« Whatis a Process ?

— A group of related tasks with specific INPUES b 1
and outputs N

— Such tasks must be designed and
coordinate.

relate to the sequence of operations and
iInvolved events, taking up time, space,
expertise or other resources, which lead
to the production of some outcome.

— The changes they may create in the
properties of one or more objects are
especially important for their identificatio
and design.

papermaking
process
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 Classification based on the Materials Flow

— Continuous Processing:
» Very high volume and no variety
» Ex: steel mill, chemical plants, papermaking, etc.

Producao Continua

laboram 24 h/dia

elevados niveis de
automatizacao

s ©fiICIENCIA de 90 a 100%

. (T.real de fabrico/tempo
/mpillmkjlm Ein;aplcgarg(ul s = tota I)
Palctizadora 8 B e s I3

»
S Caminhdes de ent Pasteurizadora
P B A y5 produtos pouco
Amame S — a— diversificados
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 Classification based on the Materials Flow ¢

— Repetitive/Mass Processing:

« Semi-continuous, high volume of standardized
items, limited variety.

« EX: automotive plants, cafeteria, assembling lines}
washing-machines plants, electronic components,

screws, etc.

Linha de fabrico de “maquinas de lavar roupa”

Estrutura Motor Caixa Acessorios
0 0
2 2
z Corte Fornecedor Corte Fornecedores | = . .
2 Y Y 2 Produgao Repetitiva
8 Maquinagem l Quinagem l 8
@ Y Y @ sequéncia linear de varias
o Soldadura Preparagio Pintura Preparagio o operagoes

Unido da estru- Montagem Colocacao da Montagem eﬂC'énCla de 90 d 1000/0
i : Embalagem
Apoios el tura aos apoios domotor [l caixa Bl cosacess [l -

pouca versatilidade
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e Classification based on the Materials Flow
— Repetitive/Mass Processing:

Fabrico de Componentes Fabrico de Componentes
Exteriores Interiores

Montagem

ppecas@tecnico.ulisboa.pt Montagem da Carrogaria Pintura e Tratamentos Superficiais 6
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 Classification based on the Materials Flow

— Batch Processing: :
« Moderate volume and variety. Variety among batches but not inside.
» Ex: furniture, metallic components (dies, long screws, etc.), lamps, etc.

o ,:f”f ry
v - ”

Producao Intermitente

- +  Corte ---# Soldadura Pintura [---- >
/ sl n Pequenas séries em intervalos de tempo
" A ! descontinuos
Armazém Controlo . : Organizagdo em postos de trabalho
. : Varios produtos circulam pelos postos de
T ; trabalho
Torneamento » Fresagem Limpeza —— Grande flexibilidade na alteragao de

....................... produtos (equipamentos universais)

A » Possibilidade de produzir o produto “a
medida” do cliente

Menor eficiéncia (10 a 40%)

Producao intermitente - caracterizada pela
producao de um conjunto de produtos diferenciados, em

ppecas@tecnico.ulisbq peguenas séries e em intervalos de tempo descontinuos
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 Classification based on the Materials Flow

— Unitary Processing - Projects:
» One-of-a-kind production of a product to customer order.
» EX: software development, buildings, sophisticated equipments, shipyard

Producao Unitaria

produto estatico, o fabrico consiste
numa sequéncia de operagoes

automatizacao dificil, pouca
repetibilidade

alteracoes e inovagoes constantes

equipamento universal

ppecas@tecnico.ulisbc
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Type of Continuous/ Batch Project
process repetitive

ppecas@tecnico.ulisboa.pt

Equipment

Workers

Production
time

Production
volume

Batches

High Investment

Dedicated
Low qualified
Low

High

Continuous or very
big

Medium/low
Investment
Universal

High qualified
Medium/high

Medium/low

Medium/small

Medium/low
Investment
Universal

High qualified
High

Unitary

Unitary

Production Management
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« Classification based on the Product/Market type

— Order-based Production:
» Production only starts after customer order

» EX: special furniture, metallic components, moulds & dies, software
development, buildings, sophisticated equipments, shipyard

* Characteristics:

— Existence of a delivery time and a due date

— Customer requirements fulfilment — time and quality

— Product and service adequacy to specific customer requirements
— High importance of commercial activity - portfolio

Producao por Encomenda - directamente associada ao pedido de um
produto pelo cliente (mobiliario, comp. metadlicos, obras publicas, eq.

ppecas@tecnico.ulisbc SOfisticados, navios, etc.). 1
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« Classification based on the Product/Market type

— Production to Stock:
« Standard product for large markets

« The manufacturing time is much higher than the time the customer is willing
to wait to receive the product

* There is a market to absorb high production rates; the high production rates
allow product manufacturing cost reduction

« EX: washing-machines plants, electronic components SCrews, toys paper
steel, drinks, etc. \ :
« Characteristics:
— Very low delivery time
— Low diversity of product characteristics
— Balance in the production rates — product mix
— Production rates based on demand forecasting

Producao para Stock - o objectivo é fornecer ao cliente um produto uniforme
existente no armazém da empresa (indlstria dos electrodomésticos, brinquedos,

ppecas@tecnico.ulisbc parafusos, comp. electrdénicos, celulose, aco, refrigerantes, etc.). -z
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ppecas@tecnico.ulishc €lectrodomésticos, candeeiros, mdveis de escritorio, eq. informatico, etc.).

« Classification based on the Product/Market type

— Order-Based Assembling:
» The final assembling of standard parts is done after customer order

Is in the middle of the two previous approach:
— The mass production of standard parts allows cost savings
— The assembling phase can fulfil specific customer requirements

Is the most adequate approach to achieve Mass Customisation

Ex: Automotive industry, office furniture, washing-machine plants, informatic
equipment, etc.

Characteristics:

— Delivery time adequacy to the market Office
— Product diversity based in multiple parts combinations Ennm§
— Two levels of production rates oy (B

« Standard parts: overall product demand forecasting
» Final product: short-term forecast or even customer orders

Montagem por encomenda -situacdo hibrida das duas anteriores. Os produtos

finais sdao montados a partir de componentes standard (automodveis,
13
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Typology of manufacturing systems
« Classification based on the Product/Market type
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« Materials Flow vs Product/Market type Classification

Producdo para armazém Montagem por encomenda Produgéo por encomenda

Producédo Continua
celulose, aco, refrigerantes

Producao Repetitiva
parafusos, ! automoveis,
comp. . electrodom.
electron.
Producéo Intermitente
candeeiros, moveis de escritério ' mobilirio cléssico,

moveis “ordinarios” , componentes metalicos

Producéo Unitaria
obras publicas, eq. sofisticados,
navios

Producéo para armazém Montagem por encomenda Producdo por encomenda

ppecas@tecnico.ulisboa.pt 15
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.+ P

Construcdo

Montagem
de
automéveis

Refinaria
de agucar
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 Product/Process Matrix
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« Shop-floor layouts in the Product-Process Matrix

croduct Structure Il Hl IEEE>
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=son Shop-Floor Layouts
Parts
HP:;r Transfer
« Shop-floor layouts: lines
— Fixed-position Layout High o0 | ] Dedicated
Volume
— Process-based layout o
— Cellular layout Manned and
| unmanned cells
— Product-based layout 100 - 7
A ; Cellz
Fixed Plural
Machine Systems “f..-‘ |
» ] I
Trnster | Production Golls lo VR SNC o A
- — AR S H Job
> xible Single Plural i
s ~ s | o = P
Z Low b FMS . alone | [ No families of
o | Systm I , volume /l 5, stand-along
o | Flexible parts, stan
Dedicated | v’ - M
~Machino Toolﬁ M::col::‘n"l'\g NC Machine | | . |
o ! 10 100 1000 10000
Single Machine Systems Variety
2 (™umber of different parts per system) 9

ppecas@tecnico.l F'exibi"ty Zaeh et al, C. Lau, “Towards the cognitive factory,” 2007
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« Shop-floor layouts:

Job-Shop
Process Based

Job-Shop

Process Based

(with Group Technology)

Flow Shop
Product based

ppecas@tecnico.ulisboa.pt

Production Management
Gestao da Producao

(Gutowsky, 2004)

/\ %
1 1
\

Receiving and
shipping

______________

Assembly
area

Cell 1 Cell 2 [ A =» A |

Shipping

Receiving L

Assembly area

LIl | k]l Caldla]

Shipping

20
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TECNICO (T. Black, 2000)

LISBOA S h O p - FI O O r L ayo u tS Direction ufpan‘.__:!mvement within cell

— Whi

» Shop-floor layouts: /'%DD—'%- 3%

/ v Oy
P T

Cellular Layout

a

Final
inspection

u

v """"" T sTTTTm s Finished
i part cart ¥
N Raw L—= ourT
material
cart

Key:

5 =Saw = === Path{s) of workeris)

L - =Lathe moving within cell

HM = Horizontal milling machine — Material movement paths
VM = Vertical milling machine within cell
an G =Grinder Kanban square
0 = Worker positions D:) (Decoupler) 21

&[]
L | Ll |

ppecas@tecnico.ulisbc [Quarterman,2000]
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* Process-Based Layout:
— The similar technologies or processes are grouped
— The products or the product parts move along the several zones
— There is a specific sequence for each product (or product family)

Strengths Weaknesses

High influence of the

High Flexibility materials flow and Expedico
movements
Universal Equipment Qualified workers Prod.A

Low dependence of the
production volume
variation

Low equipment
operational efficiency

Complex Production
planning and
management

Average workers
motivation

ppecas@tecnico.ulisboa.pt 22
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* Process-Based layout study:

ppecas@tecnico.ulisboa.pt

— The aim is to place the equipments/technology zones:
* In order to reduce the total materials/parts movements
» Give preference to the product that originates more movements
« Avoid crosses and movements backwards
« Avoid the creation of work-in-process
« Avoid non-production times
» Respect safety rules
— Methods:
» Kusiack — Production islands
« Método das Ligacdes
« Método da Gama Ficticia
« Método Quantitativo

Production Management
Gestao da Producéo

23
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* Product-Based Layout - Dedicated Flow Line:

Production Management

Process Design Gestéo da Producao

Product-based layout for a specific product in a flow-
line basis (straight line)

The sequence of operations only depends on a single
product

The production line is design to accomplish a fixed
production rate

The level of automation and process standardisation
Is usually high

It demands for higher investments, dedicated
equipment, but

It allows high equipments use rate, high production = . .
rate and lower product cost

The operators are specialised in a unique or only a
few operations

The flexibility to change production rate, product
characteristics or product type is very low

24
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ptlD

 Product-Based Layout = >
— Dedicatied Flow Line or Straight Line

T
—>

ptGD pt7

expedicdo

Strengths Weaknesses

High use rate of Inflexible system
equipments and labour

Low cost in material High facility cots due to

handling specific equipment
Low WIP High dependence of
operations
Simplified production Repetitive tasks
planning

25
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 Methods: Operator-Machine Relations Models

— Synchronous Servicing (modelo sincrono)
« The duration of each operation is know and constant

 The aim is to define how many machines should be assign to a single
worker to perform similar parts in similar machines

* N: number of machines the operator is assigned

« | : total operator loading and unloading (servicing) time per machine

* m: total machine running time (automatic power feed)

* W: time spent by the operator to move from one machine to the next one

 Machine cycle time = Operator cycle time — /+m= N -(/+ W)

/+m
/+W

ppecas@tecnico.ulisboa.pt 21

N =




TECNICO

1se0A - Process-based (Job shops) Layouts

ppecas@tecnico.ulisboa.pt

Production Management

Process Design Gestéo da Producéo

*Methods: Operator-Machine Relations Models N = £+m

— Synchronous Servicing: example 1 {+W

A company has several laser cutting machines and several operators able to work with the
laser. For a specific order the company must deliver 1000 parts. Each laser can only produce
one part at the time and the estimated laser cutting is 5 min. From several years of experience
its estimated that the operator will spent 2 min to load the laser and 1 min to unload the laser.
The average time spent by the operator to walk from one laser to the next one is around 0,5
min. The laser cost per hour is 250 €/h and the operator is 20 €/h. The customer accepts a
delivery time of 2 weeks (10 days). What is the best work station configuration to perform this
order ?

Problem solving:
|=2+1=3min m=5min w=0,5min N=(3+5)/3+0,5) = 2,28 mach./operator
So, there are two possibilities:

N =2 = 1 operator with 2 machines

operator cycle time = N (I+w) = 2 (3+0,5) =7 min\J>

The machines are the bottleneck.

The WS cycle time is 8 min.

machine cycle time =1+ m =3+ 5 =8 min The operator is not fully used.

N =3 = 1 operator with 3 machines
operator cycle time = N (I+w) = 3 (3+0,5) = 10,5 min The operator is the bottleneck.
machine cycletime =1+ m=3 + 5 = 8 min }

The WS cycle time is 10,5 min.
The machines are not fully used.
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*Methods: Operator-Machine Relations Models N — t+m
— Synchronous Servicing: example 1 (cont.) f+w

N =2 = 1 operator with 2 machines

WS cycle time = t.,,. = 8 min  (operator idle time: 1 min/cycle = (8-7)/8 = 12,5%

Number of parts per cycle = N,. = N * number of parts per machine =2.1 =2

Product cycle time =t =t s /N, = 8/2=4 min

Production rate = CAD = 1/t. = 1/4 = 0,25 u/min = 15 u/h = 120 u/day

1000 parts will be produced in 1 WS during 1000/120 = 8,3 days -> fulfil delivery time.
The part cost will be: C, = (1.20 + 2.250)/15 = 34,67 €/u.

N = 3 = 1 operator with 3 machines

WS cycle time = t_,. = 10,5 min  (machine idle time: 2,5 min/cycle - (10,5-8)/10,5 = 24%
Number of parts per cycle = N,. = N * number of parts per machine = 3.1 = 3

Product cycle time = t; =t s /N, = 10,5/3 = 3,5 min

Production rate = CAD = 1/t. = 1/3,5 = 0,286 u/min = 17,1 u/h = 137,1 u/day

1000 parts will be produced in 1 WS during 1000/137,1 = 7,3 days = fulfil delivery time.

The part cost will be: C, = (1.20 + 3.250)/17,1 = 45,03 €/u.

The best WS configuration is 1 operator with 2 Lasers, since the productivity is higher.

Gestao da Producéo
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*Methods: Operator-Machine Relations Models
Synchronous Servicing: example 1 (cont.)

time Operator
0,5 L1
0,5 L1
0,5 L1
0,5 L1
0,5 T
0,5 L2
0,5 L2
0,5 L2
0,5 L2
0,5 L2
0,5 L2
T

ppecas@tecnico.ulisboa.pt

loading
loading
loading
loading
running
running
running
running
running
running
running
running
running
running

Laser 2

running
running
running
running
running

loading
loading
loading
loading
running
running
running

running
running

time Operator
0,5 L1
0,5 L1
0,5 L1
0,5 L1
0,5 T
0,5 L2
0,5 L2
0,5 L2
0,5 L2
0,5 L2
0,5 L2

T

loading
loading
loading
loading
running
running
running
running
running
running
running
running
running
running

IDLE
IDLE
IDLE
IDLE
IDLE

Production Management

Laser 2
running
running
running
running
running

loading
loading
loading
loading
running
running
running
running
running
IDLE
IDLE
IDLE
IDLE
IDLE

unloading
unloading

_f+m
{+W

IDLE
IDLE
IDLE
IDLE
IDLE

loading
loading
loading
loading

Gestao da Producéo
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*Methods: Operator-Machine Relations Models N — t+m
— Synchronous Servicing l+Ww

— Proposed exercises:

* In examplel, for a delivery time of 7,5 days (instead of 10), what is
the best WS configuration ? - S: N=2

 And for a delivery time of 5 days ? =2 S: N=2
 And if it was required to deliver 10 000 unities in 73 days ? = N=2

» Consider an operator cost of 40,00 €/h to run the WS after the 8 hours
shift (the maximum number of hour per operator is 3 hours). Consider
also, there is only 3 lasers available for this order. What would be the
best WS configuration to deliver 1000 unities in 7,5 days ? 2 S: N=2
working 7,5 days plus 6,7 hours in extra-period or N=2 working 7,5
days and other WS N=1 working 13,4 hours in the normal period.

ppecas@tecnico.ulisboa.pt 31




U

TECNICO

-8A Process-based (Job shops) Layouts

ppecas@tecnico.ulisboa.pt

Process Design

Methods: Operator-Machine Relations Models
Random Servicing

The duration of each operations is unknown and not constant

(modelo aleatorio)

Production Management
Gestao da Producéo

The probability of runtime and the probability of downtime (assisting) for

one machine is known

The aim is to define how many machines should be assign to a single
worker to perform under this random but analysed orders

N: number of machines the operator is assigned
g : probability of downtime (requiring operator servicing)
p: probability of runtime (automatic power feed)

N

P9
.
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*Methods: Operator-Machine Relations Models N=PTd

— Random Servicing: example 2 .

A company with several laser cutting equipments performs several kinds of parts differing in
size and shape. Through a time-study it was found that about 60% of the production time each
laser is performing part cutting without operator assistance. The rest of the time (40%) is
required to load and unload parts by the operator. Each laser produce average 25 parts per
hour. The laser hour cost is 250 €/h and the operator cost is 20 €/h. What is the best number of
lasers to assign to each operator aiming to maximise productivity ?

Problem solving:

p=60% Q=40% N= (0,6+0,4)/0,4) = 2,5 mach./operator

So, there are two possibilities:
N =2 = 1 operator with 2 machines

N = 3 = 1 operator with 3 machines

MODEL - (p+q)"
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*Methods: Operator-Machine Relations Models P+
— Random Servicing: example 2 (cont.) N=—-—
N =2 = 1 operator with 2 machines q

(p+q)?=p?+2pg+q@> > 1=0,36+0,48+0,16

36% time: The lasers are working without operator assistance

48% time: One laser is working (cutting); the other is requiring assistance (load or unload).

16% time: The two laser are requiring assistance, but only one is being assisted.

So, the operator is idle 36% of the time

The machine are working 2.36% (cutting) + 48% (cutting) + 48% (load/unload) + 16% (load/unload).

The total is 184% of 200% available are being use in production. 16% of 200% of machine time is idle time.

So, there is 92% is used for laser cutting and 8% is no-productive time.

Production rate = CAD = CAD one machine . Number of machines . Productive time =25.2.0,92 =46 u/h.

C, = (1.20+2.250)/46 = 11,30 €/u.

N = 3 = 1 operator with 3 machines

(p+q)=p%+3p’q+3pg?+qg® > 1=0,216+ 0,432+ 0,288 + 0,064

21,6% time: The lasers are working without operator assistance.

43,2% time: Two laser are working (cutting); the other being assisted by the operator (load or unload).

28,8% time: One laser are working (cutting); the others two are requiring assistance (load or unload).Only one is being assisted.
6,4% time: The three lasers are requiring assistance, but only one is being assisted. So two are waiting for assistance.
So, the operator is idle 21,6% of the time.

The machine are working 3.21,6% (cutting) + 2.43,2% (cutting) + 43,2% (load/unload) + 28,8% (cutting) + 28,8% (load/unload) +
6,4% (load/unload).

The total is 258,4% of 300% available are being use in production. 41,6% of 300% of machine time is idle time.

So, there is 86,13% is used for laser cutting and 13,87% is no-productive time.

Production rate = CAD = CAD one machine . Number of machines . Productive time =25. 3. 0,8613 = 64,6 u/h.
C, = (1.20+3.250)/64,6 = 11,92 €/u.

The best WS configuration is 1 operator with 2 Lasers, since the productivity is higher. 34
ppecas@tecnico.ulisboa.pt
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* Dedicated Flow Line: its study

— Method: Line Balancing

« Aims:
— Achieve a Takt time
— Avoid WIP (work-in-Process)
— Maximize productivity (ex: cost per unit)

 Remarks:
— Respect operations sequence (precedence diagram)
— Respect production rate (related with Takt time)
— Each operator works only in one work station
— In each work station can be performed more than one operation
— Each machine performs only one operation with one operator

« Steps:
— Calculate or identify takt time
— Define one or several possible linear sequence of WS that respect Takt time
— Compare alternatives and select the one with higher productivity

ppecas@tecnico.ulisboa.pt
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15504 Line Balancing in Product-Based Layout

* Dedicated Flow Line: Example 1
— Available production time: 8h/day, 250 days/year (2000 hours/year)
— Define the best flow configuration to produce 60,000 u/year = 240 u/day.
— Labour cost: 20,000 €/year (LC); Machine cost: 50,000 €/year (MC)
— Each operation requires a machine.

Op. t  [Preced.
— Problem solving: A | 15
* Preliminary data arrangement: B 0,5 A
— Precedence Diagram: C 2 B
« ADB>C>D>E>F>G D 0,5 C
» Cycle time computing: = 1,5 D
— t. = 1/Prate = 1/240 u/day = 8.60/240 = 2 min > Tack time F % E
« Minimum number of operators: G 2 F
— Npjin op. = 2t /t; = 10/2 = 5 operators
* Restrictions on number of workstations or machines: none -

ppecas@tecnico.ulisboa.pt
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Al[l1l5
. . B 10,5
« Dedicated Flow Line: Example 1 (cont.) -1
D (05
One possible configuration (among several): E [15
F
WS1 WS2 WS3 WS4 WS5 G
A+B C D+E F | G :
1 op. ' 1 op. : 1 op. N1 op. M1 op.
2 mach 1 mach 2 mach 1 mach 1 mach
tc ws1™ 2 tc ws2~ 2 tc ws3™ 2 tc wsd— 2 tc ws5— 2
t.= Maxt.,, =2 min Prate = 60/2 = 30 u/h = 240 u/day | Ef = Zt/(N,.t,) = 10/(5x2) = 100%
N, =5 N,, =7 C,= Mxmcrmxie = (520,000 + 7x50,000)/60,000 = 450/60 = 7.5 €/u

Note: If the market demand reduces to 24,000 u/year (96 u/day), what is the line performance?

The line must produce in the tc = 2 min pace, so 30 units are produced per hour. But it works only 96/30 =
3,2 hours/day to produce 96 u/day. The Ef=100%. The unitary cost is C, = (450,000)/(24,000) = 18.75 €/u.

ppecas@tecnico.ulisboa.pt
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« Dedicated Flow Line: Example 2 Op. | t |Preced.
— Define the best flow configuration to produce 24,000 u/year (96 u/day) ’; ;2 .
— Problem solving: c > 5
» Cycle time computing: D 05 C
— t. = 1/CAD = 1/96 u/day = 8.60/96 = 5.0 min (Prate obj. 12 u/hour) E 1,5 D
* Minimum number of operators: = E
— Npinop. = 2t /t; = 10/5 = 2 > 2 operators G F
One possible configuration (among several):
Op. Mu WS Ef (operator)
WS1 WS2 WS3 A | 1,5/4,5=33%
AL [ EF Ll | FETesnstn bl asus-iom
1 op. 1 op. 1 op. D 0,5/45:11%
4 mach 2 mach 1 mach E | 1,5/4,5=33% ~ a0
tc ws1™ 4,5 tc ws2~ 3,5 tc ws3~ 2 s 2/4,5=44% . SomeT e
G | 2/45=44% |wWS3  2/4,5=44%
t.=4.5min | Prate = 60/4.5=13.33u/h > 12 u/h | Ef=10/(3x4.5) = 74%
N, = Ny =7 | C, = (3x20 + 7x50) / 24 = 17.1 €/u er3x20+7x50)26-F=154-€/u 38
ppecas@tecnico.ulisbode
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1504 L ine Balancing in Product-Based Layout Op. | t |Preced
A 1,5
* Dedicated Flow Line: Example 3 B | 05 | A
— Define the best flow configuration to produce 80,000 u/year (320 u/day). | _© 2 B
— Problem solving: S BN S
. ) E 1,5 D
« Cycle time computing: e =
— t. = 1/CAD = 1/320 u/day = 8.60/320 = 1.5 min z -

* Minimum number of operators:
- N = 2t /t. = 10/1.5 = 6.666 -> 7 operators

min op.
One possible configuration (among several):
WS1 WS2 WS3 WS4 WS Ef (operator)
Ws1  100%
A B+C+D E F+G Wws2| 100%
1 op. — 2 op. — 1 op. i 3 op. WS3 100%
1 mach 6 mach 1 mach 6 mach WS4 88%
t. o= 1,5 t. o= 3/2=1,5 o= 15 t, o= 4/3=1,33
t.=1.5min | CAD =60/1.5 = 40 u/h = 80,000 uly Ef = 10/(7x1.5) = 95%
N =7 | Ny,=14 C, = (7x20 + 14x50) / 80 = 10.5 €/u

ppecas@tecnico.ulisboa.pt
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Line Balancing in Product-Based Layout -
* Dedicated Flow Line: Example 3 B | 05| A
— Define the best flow configuration to produce 80,000 u/year (320 u/day). g 025 i
E 15 D
— Problem solving: F 2 E
+ Cycle time computing: G 2 -
— t.= 1/CAD = 1/320 u/day = 8.60/320 = 1.5 min
* Minimum number of operators:
— Npinop. = 2t /t; = 10/1.5 = 6.666 = 7 operators
Other possible configuration (among several): ,
WS Ef t
WS1 WS2 Ws3 WS4 WS5 TSRO
A B+C+D E F G WS2| 100%
Top. = 200, [ 1op [ °]_ 200 Zop. e s 100
1 mach 6 mach 1 mach 2 mach 2 mach WSS 67%
toyei= 1,5 toweo= 3/2 = 1,5 t.=15 to wes= 2/2=1 t wes= 2/2=1
t.=1,5min CAD = 60/1.5 = 40 u/h = 80,000 u/ano Ef = 10/(7x1.5) = 83%
N, = N, = 12 C, = (8x20 + 12x50) / 80 = 9.5 €/u 10
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15504 Line Balancing in Product-Based Layout oo 1 & Treced
 Dedicated Flow Line: Example 3 ’; ;i .
— Define the best flow configuration to produce 80,000 u/year (320 u/day). c 2 5
— Problem solving: D | 05 | C
« Cycle time computing: E 1,5 D
— t.= 1/CAD = 1/320 u/day = 8.60/320 = 1.5 min F E
« Minimum number of operators: G F
— Npinop. = 2t /t; = 10/1.5 = 6.666 = 7 operators
Other possible configuration (among several):
WS1 WS?2 WS3 WS4 WS5 WS6 WS7
A B C D E F G
lop. ) 1op. =) 20p. =D 1 op. ) 1lop. [ 20p. )| 2op. =
1 mach 1 mach 2 mach 1 mach 1 mach 2 mach 2 mach
tews1= 1,9 towso= 0,5 towsa= 1,0 toyes= 0,5 towes= 1,5 L= 10| ftewsr= 1.0
t.=1.5min | CAD =60/1.5 = 40 u/h = 80,000 uly Ef = 10/(7x1.5) = 66.67%
N, =10 | N,, =10 C, = (10.20 + 10.50) / 80 = 8.75 €/u
41

ppecas@tecnico.ulisboa.pt



Production Management
Gestao da Producéo
-

TECNICO

15502 Line Balancing in Product-Based Layout - Preced.
« Dedicated Flow Line: Example 4 B | 05 ] A
— Define the best flow configuration to produce 240,000 u/y (960 u/day). g 025 i
— Problem solving: E | 15 | D
* Cycle time computing: E E
— t.= 1/CAD = 1/960 u/day = 8.60/960 = 0.5 min G =
* Minimum number of operators:
— Nminop. = 2t /t; = 10/0,5 = 20 - 20 operators
One possible configuration (among several):
WS1 WS2 WS3 Wsa WS5 WS6 WS7
A B C D E F G
3op. )l 1op. m= 4op. == 1op. ) 3op. P} 4o0p. mm)| 4op. )
3 mach 1 mach 4 mach 1 mach 3 mach 4 mach 4 mach
tewss= 0.9 tews2= 0,5 towss= 0,9 t. wsa= 0,5 towss= 0,9 towse= 0,9 t.ws7= 0,5
t.= 0.5 min | CAD = 60/0.5 = 120 u/h = 240,000 uly Ef = 10/(20x0.5) = 100%
N, =20 | N, =20 C, = (20x20 + 20x50) / 120 = 5.83 €/u
42
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« Dedicated Flow Line: Example 5

— A Assembly line of metallic trash containers must be design to
produce 190 units in a 8 hours shift.

— The assembling process requires 7 operator-dependent operations

. : Op. t  |Preced.[MH (€/h
— Define two balanced flow lines b L Proged VRN
— Compare it based on productivity B | 33| A 100,00
C 4,8 B 50,00
D 1,0 - -
. . E 1,7 D -
— Problem solving: T30 T CE T 100
* Cycle time computing: G | 30 F 0,50

~ t,= 1/CAD = 1/190 u/day = 2.52 min/u otal | 180 ] LH=2500¢

* Minimum number of operators:
— Npinop. = 2t /t; = 18/2,52 = 7.14 - 8 operators
» Precedence diagram

A%B%CEFQG
D->E

ppecas@tecnico.ulisboa.pt 43
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* Dedicated Flow Line: Example 5
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— One possible configuration: . — Preced. [MH (€]
. : T B 3,3 A ]100,00
Cycle time computing: T % 55060
— t. = 1/CAD = 1/190 u/day = 2,52 min/u D 1,0 - -
E 1,7 D -
F 3,0 C,E 1,00
G 3,0 F 0,50
tota 18,0 LH = 25,00 €
WS1 WS2 WS3 WS4 WS5
A+B C D E F+G
2 op. (B op. M1 op. T op. (IE op.
2 mB 2 mC 0 mach. 0 mach. SmF 3mG|
tc ws1— tc ws2™— tc ws3™— 1 tC ws4~— 1,7 tC ws5— 6/3
4,52 = 4,8/2 = =20
2,25 2.4
t. = Max t, . = 2,4 min CAD =60/2,4 =25 u/h | Ef = 2t/(N_.t.) = 18/(9.2,4) = 83,3%

N, = several

C, = (2.100+2.50+3.1+3.0,5+9.25)/ 23,75 = 529,5/23,75 = 22,30 €/u
C, = (2.100+2.50+3.1+3.0,5+9.25)/ 25 = 529,5/25 = 21,18 €/u

ppecas@tecnico.ulisbé
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Line Balancing in Product-Based Layout

* Dedicated Flow Line: Example 5

— Another possible configuration:
* Cycle time computing:
— t.= 1/CAD = 1/190 u/day = 2,52 min/u

t Preced. |MH (€/h)

3,3 A 100,00
4,8 B 50,00

1,7 D

Slo|n|mlojo|=|>(S
=
(@)

30 [ CE | 100
3,0 F 0,50
| | 180 | LH=2500€

WS1 WS2 WS5

A+B C+D+E F+G

2 op. 3 op. 3 op. :

2 mB 3 mC 3mF 3mG

tows1i= 4,5/2 =2,25 t.wso= 7,5/3=2,5 t.wss= 6/3=2,0
t. = Maxt, s = 2,5 min CAD =60/2,5 = 24 u/h | Ef = Zt/(N_.t.) = 18/(8.2,5) = 90%

N, =8 | Ny, =several |C,=(2.100+3.50+3.1+3.0,5+8.25)/ 23,75 = 554,5/23,75 = 23,22 €/u
C, = (2.100+3.50+3.1+3.0,5+8.25)/ 24 = 554,5/24 = 23,10 €/u

First configuration has higher productivity, so should be used. 45
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1se0a - Cell Manufacturing

* Cellular Layout:
Product-based layout for a specific product in a process-based production

But..

Higher process design Allows elimination of waiting times

Skilled operators Increases QUALITY and FLEXIBILITY

Originates lower equipment use Operators are more motivated — different tasks and
rate responsibility for the product completion

Operators can be used 100% of the time
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=50a - Cell Manufacturing 1.9 min = 0,5 min 2 min
corte cravagao montagem
» Cellular Layout: Chase Cell Type -
— Example (typical in u-shape): o 7 montagem
« 7 consecutive elementary operations < 0,5 min
- Total production time: 10 min ool | montage montagem
« Number of workcell positions: 7 2 min 2 min 1.5 min
Op. t.
* 1 operator (N, = 1):
— Cell cycle time =t; .oy = 10 min ALLS
— N product/cycle = N, =1 B | 05
— Product cycle time = t. =10/1 = 10 min C 2
— Process rate = CAD = N //t, = (60) 1/10 = 6 unit/hour
D | 05
— Operators Efficiency = 2t; /(N,.t.) = 10/(1.10) = 100%
— Machine use rate = M, = t/t, E |15
F 2
Machine A B C D E F G
Mu 15% 5% 20% 5% 15% 20% 20% G 2

ppecas@tecnico.ulisboa.pt ar
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* Cellular Layout: -
— Example: @ 7 montagem
7 consecutive elementary operations 20\ 0 5 min
» Total production time: 10 min controlo TG Montagem
.. dimensional
« Number of workcell positions: 7 2 min 2 min 15 min

Labour cost: 10 €/hour (LH)
Machine cost: 25€/h (MH)
Each operation requires a machine (N,,=7).

1 operator (N, = 1):
— Process rate = 6 unit/hour

— Cell cost per hour: C,
« Labour cost: N..LH =10 €/h
* Machine cost: Ny, . 5=7.25=175€/h
- C,=185€/h
— Production Unitary cost = C, = N, xMH + N, x LH= C/CAD = 45/6 = 30,83 €/u
CAD

ppecas@tecnico.ulisboa.pt 48
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1,5 min 0,5 min 2 min
Cell Manufacturing
« Cellular Layout: A
— Examp|eZ 2 min 2 min 1,5 min
1 operator 2 operator 3 operator 4 operator 5 operator
NL 1 2 3 4 5
te el (min) 10 10 10 10 10
N, 1 2 3 4 5
t. (min) 10 5 3,3 2,5 2
CAD (u/h) 6 12 18 24 30
Ef 100% 100% 100% 100% 100%
NM 7 7 7 7 7
M. cost/h | (€/h) 175 175 175 175 175
L. cost/h (€/h) 10 20 30 40 50
Cy, (€/h) 185 195 205 215 225
C, (€/u) 30,83 16,25 11,39 8,96 7,50
Machine use rate
A 15% 30% 45% 60% 75%
B 5% 10% 15% 20% 25%
C 20% 40% 60% 80% 100%
D 5% 10% 15% 20% 25%
E 15% 30% 45% 60% 75%
F 20% 40% 60% 80% 100%
G 20% 40% 60% 80% 100%

Production Management
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montagem

0,5 min
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Cell Manufacturing

« Cellular Layout:
— Balancing:
» Surplus capacity — people and equipment

Ll |
| s
* Queuing (enfileiramento) ﬁ\)

Llh..|

» Floating (flutuacéo)

ppecas@tecnico.ulisboa.pt [Quarterman,2000]
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e Cellular Layout Variations
Different patterns of work cells

* The shape and size of work cells are very variable;

» Cell production systems can encompass work cells inside which work
stations are laid out in straight line, in L-line, U-line, or in more twisted lines.

iyl
LT T

"watai" (stall
ﬁ’f,:,ne rgnan i;ﬂp Maoving hench in alley cell Straight line cel

« But among the many possible alternatives the classic U-shaped line format
Is a popular cell layout alternative

Distributed Single Worker Chase

Basic patterns for
multifunctional work with
U-shaped lines

/! ui“',',‘ '; .

product r"“l r—“—|r“—\l
flow

Source: Dario Ikuo Miyake (2006), “The Shift from Belt Conveyor Line to Work-cell Based Assembly Systems to Cope with Increasing Demand 51
ppecas@tecnico,ulisboa_pt Variation and Fluctuation in The Japanese Electronics Industries”, CIRJE-F-397. http://www.e.u-tokyo.ac.jp/cirje/research/03research02dp.html
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« Cellular Layout

- Also cells may be linked to each others in serial or parallel flows resulting in
creative arrangements;

Product Product Example
evaluation evaluation from
Product
et Canon —
production
of laser
beam
é operator p” nterS
— operator path
| wepp product flow
Resambly saeesmbly. http://www.canon-elec.co.jp/aboutus/domain/Ibp/flower/
- Example of different patterns of work cells interconnection;
Interconnected work cells Cambination of wark cells to
cope with product variation
Specific Final Colmmen Cammon
Start cell =¥ r:‘mal ™ el | start cell final cell
Specific
cell B
Source: Dario Ikuo Miyake (2006), “The Shift from Belt Conveyor Line to Work-cell Based Assembly Systems to Cope with Increasing Demand Variation and 52

ppecas@tecnico.ulisboa.pt Fluctuation in The Japanese Electronics Industries”, CIRJE-F-397. http://www.e.u-tokyo.ac.jp/cirje/research/03research02dp.html
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+ Alternative Layouts: Example

Jackson 11 problem (modified) Straight Line Configuration for

Operati Task  Precede Cycle Time =10

on time nce

A 6 L K
s 2 8 8 10 5 7 8 4
D 2 C

E 3 D

F 4 E

G 6 F

H 5 G

I 7 H

J 8 |

K 4 J
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+ Alternative Layouts: Example

2 2 6 S
Jackson 11 problem @ >(e ® ? ®\

Operation Task time Precedence

A 6 -

B 2 A

C 2 AB Precedence Graph for the Jackson 11

D 3 FGH

E 5 DG Station 1 Station 2 Station 3 Station 4 Station 5
Lt B W i W S T et W Y

F 5 A —{abc:—{ih:—:fj:—{gd:—:ek:—b

G ! A Straight Line Configuration for the Jackson 11,

H 1 A with Cycle Time =10

l 6 BC Station | 1 | 2| 3 | 4

J 5 Bl Time 10 | 7 | 10 | 10

K 4 ABDEGJ

ppecas@tecn ico.ulisboa pt Source: James R.Jackson (1956). “A Computing Procedure For a Line Balancing Problem”. Management Science 2 (3):261-271. 54
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« Alternative Layouts
- Advantages of configuration with cross-overs:
» Higher visibility and communication — enables identifying non-qualities and
operators can help each others
» Operators perform different tasks — increases motivation and skills
» Higher flexibility — more possibilities of grouping tasks
» NCO of stations never more than in a straight line configuration
» Requires less space

—ell~2 ~7 ~ N el &l 2 72 >~ I
— '@ |@z @7 @Dﬂ //5 N e '@ |©sl ® ) 1{ :""t"'—"‘ l@lr@ﬂ F@ﬂ
"""" | 18 LT
: Station 1| @3" - |Tuuonl4 | I
| Station 2 S, SR | .
i 2 | M= s | }_@ 7 stationa 11 % 1

1Zal1™ "1 e ¥ I
L _I L Station 2 j| Station 5_/ L

?U-Shape Lines or U-Cell ? balanced with 1,2 or 3 cross overs: Cycle
Time=10 55

ppecas@tecnico.ulisboa.pt Source: Miltenburg, G. J. & Wijngaard, J. (1994). The U-Line Balancing Problem. Management Science 40 (10): 1378 — 1388.
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Readings

* E. Henriques, P. Pecas, Gestao da Producao |, Capitulo:

Estudo das Implantacdes, 2003.

 Chase, Aquilano, Jacobs, Chapter 4, Production and
Operations Management, McGraw-Hill, 1998.
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* The learning effect can be described by:
—NN
* Power Model TQ — Tl ® Q

— Ty time to complete Q™ part
— T,: time to complete the first part

— n: [0-1], depends on the type of curve

» Most used:
— LC of X% when the reduction on the completing time reduces (1-x%) each time the production is doubled
— LC of 90%: T1 =10 min; T2=9 min...; T4 =8.1 min;.... T8 = 7.3 min...
* n=-(log0.9/log 2)=0.152
* For LC of 90%, n = 0.152

ppecas@tecnico.ulisboa.pt o7
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 Example 1:

— What is the learning curve equation for T, =5 min and LC of 95% ?

* Nn=0.074
_ log(1-005)

log 2

T,=T(e2 " n= - 0074

Tempo de execucao (min)
w s~ >~ H
© - w (6] ~ ©
| | ——
I/././.
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.I
.I
.I
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N° de pegas
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« Example 2:

— There is an order of 40 planes. Based on historical data the company
estimates a normal time of 21h for these planes and a learning curve of
90%. There is no learning effect after the 30th plane produced.

— The actual plane manufacturing process:
* First Plane: 40 h.
» Learning curve until the 12th plane done: 90%
» Learning curve form the 12th plane to the 25th : 95%
« There is no learning effect after the 25th plane done.

— Calculate:
» The time estimated for the first plane
» The total production time estimated
» The total production time
« The impact of the learning effect on the productivity

ppecas@tecnico.ulisboa.pt 59
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 Example 2

— The time estimated for the first plane

21=Tqe3070152

35 30 -0 ,152+1

Tag=T1e30"  n=—2999_ 415
T1= a 35horas
< 11= 30—0.152 -
— The total production time estimated
30 —n+1 |30
T, -
JT{-Q™dQ+10-21=—1 Q +10-21=

ppecas@tecnico.ulisboa.pt

0

015241 +210=948 2h
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 Example 2

— Total time: Time 1to 12 + Time 12 to 25 + Time 25 to 40
e Timelto 12

ne log09 TQ —40 e Q—O,152

~Tlog 2 =0152

12
40 . Q—O ,152+1 ‘ 40 12—0 ,152+1
= = 388h

12
40.00152 40 —
é Q Q 0152 +1 \0 —0152+1

e Time 12 to 25 )
“Tlogz ~ 04 Ty =Tie1270074

Ti=320n > To=329.Q 007

25
2}532 0.0 4o _ 329. Q—0,0,74+1‘ | 32,9(2510074_191-0074) a5 3
Y - 007441 | ~0074+1 e
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— Time 25 to 40
The = 329250074 = 259h 15%25.9 = 388,5 h

— Total time

388 + 345,3 + 388,5=1121,8 horas

— The impact of the learning effect on the productivity

Loss of productivity = (1121,8-948,2)/948,2 = 18,3%

ppecas@tecnico.ulisboa.pt 62
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 The Cost as a factor of competitiveness
— Price - defined by the market
— Production management deals with: Cost - cost reduction !

— The several dimensions of COST in production management:

 Life Cycle Cost (and Design for X)
— The several cost incurred during product lifetime

« Manufacturing Cost
— Costs related with raw materials, machine and operator, but also
— Engineering costs
— Stocks related costs
— Handling cost
— Supporting systems costs
— Maintenance cost
— Indirect costs

* Productivity

63
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 The Cost as a factor of competitiveness

— Productivity

 |Is a ratio to measure how well an organization (or individual, industry, country) converts input
resources (labour, materials, machines etc.) into goods and services.

« Examples of productivity measures:
— Units produced per number of workers
— Units produced per monetary unit: Units/euro - usually Euros/unit is used (Production Cost/unit)

Output Output Output Output
or or or
Labour Capital Materials Energy

Output Output
or
Labour + Capital + Energy Labour + Capital + Materials
Output Parts Produced
or
Input All resources used 64
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* Production Cost of a product depends on:

— Design (geometry and material)

« Determines the material cost (unit cost and amount) and the processes
able to produce it.

— Manufacturing Process
« Defines the production time, labour, equipment required and tooling.

$5,00 i

= $4,00 |
c

— Production volume

(¢}

100
-=-200
-+ 300

400
~ 500

 defines the scale and capital utilization

$0,00

= S
T

0 100 200 300 400 500
Production (1000/yr)

— Company context
» defines unit cost of resources and labour

ppecas@tecnico.ulisboa.pt e
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* The cost framework
— depends on several factors and is closely related with the type of business and/or product

— Simple possible classification

Total Costing

DIRECT Costs

associated to a product or to a

production center

INDIRECT Costs

Not possible to associate to
a product or to a center

VARIABLE Costs
are originated by the activity of the
production center

*Raw Materials

Direct Operators Wage
*Energy (if measured directly)
*Consumables

*Maintenance
*Energy (general measuring)

FIXED Costs
are originated by the production
center even if no production occur

*Equipment amortization (if
dedicated equipment)
*Workers wages

Direct engineering cost

Infrastructures renting
Indirect engineering cost
*Costs with administration and
management

ppecas@tecnico.ulisboa.pt
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Affectation ProductA

ProductB

) ProductC
Imputation

Allocation
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* Relations of Cost, Profit and Margins

U The net profit (P) of a sale of n units of a product is determined by the value of the sales (S) and the total costs,
which can be classified in fixed (FC) and variables (VC):

» P=S-VC-FC

U _Marqin of contribution is the difference between the value of the sales (S) and the total variable costs (VC):

» MC=S-VC, so P=MC-FC

U Unit margin of contribution is the difference between the unit price (p) and the unit variable cost (vc) — corresponds
to the differential income of selling one additional unit:

> mc=p-VvC
L _Break-even point corresponds to the volume of activity in which the company only covers the costs;
that is, do not have benefit or loss:

» P=0—->MC=FC

» This relation shows that the contribution margin corresponds to the volume of activity required to cover the fixed costs.
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* Relations of Cost, Profit and Margins - Break-Even Point

Break-even

ppecas@tecnico.ulisboa.pt

VC+FC
profit A
> Variable
Break-even point COSts
! )
loss
- Fixed
Costs
= >
Volume

Cost / Revenue
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Alternative A
Fixed costs, FC = 5000 €
Variable Cost, VC = 100 €/unit

Alternative B
Fixed costs, FC =40000 €
Variable Cost, VC = 20 €/unit

Price of the item, S = 150 €

120000
—e— Total Cost - Alt A
100000 +—
—a— Total Cost - Alt B
80000 +— Total Revenue
60000 |
/././"W
40000 # /
20000 —=
0 <>/ ...............
0 200 volume 400 600
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e Calculation

— Some formulas
— (Non-dedicated)
« Machine hourly cost (MH)=

» i—Iinterest rate

» n— depreciation period

» d - working days per year
» h—working hours per day

Ag.cost.i. (1+)1
(1+i)—1

dyear . hday

GS xNM x SC
CIyear thay

« Operator hourly cost (LH) =
» GS - Gross Salary per month
» NM — Number of Months
» SC — Social Costs and benefits (p.e. 23% SS)

« Part unitary cost* =
» N,n — Number of Machines, labour
» MH — Machine hourly cost
» LH - Labour hourly cost
» PR — Production rate per hour

NxMH+nxLH
PR

Costs not included in this simple approach: consumables, energy, raw

Production Management
Gestao da Producéo

Example (*non-dedicated resources):

One operator with 2 machines, working 8 h/day.
The average production rate of each machine is
168 u/day. The production days are 248 per year.
The labour has a month gross salary of 1260
euros/month, 14 months per year, and 22 holiday
days per year.

The machines are similar, and the present marker
price is €100,000 each. Usually a 5 years
depreciation period is used. The capital cost is
15%. The operator net salary 1s €1,260.
MH=15.04 €/h
LH=(1260*14*1.23)/((248-22)*8) = 12.00 €/h

C it = ((2%15.04)+12.00)/(2*168/8) = 1.00 €/unit
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« Manufacturing Cost

— Some formulas
— (Dedicated)
* Machine cost per year (MC)=

» i—interestrate
» n — depreciation period

Ag.cost.i.(1+)M
(1+i)1-1

- Operator cost per year (LC)= GSxNMxSC
» GS - Gross Salary per month
» NM — Number of Months
» SC — Social Costs and benefits (p.e. 23% SS)

N.MC+n.LC
APV

N,n — Number of Machines, labour
MC — Machine cost per year

LC — Labour cost per year

APV — Annual Production Volume

« Part unitary cost* =

>
>
>
>

Costs not included in this simple approach: consumables, energy, raw
material, engineering costs, several structure costs

Production Management
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Example (*dedicated resources):

One operator with 2 machines, working 8 h/day.
The average production rate of each machine is
168 u/day (41,664 units/year). The production
days are 248 per year. The labour has a month
gross salary of 1260 euros/month, 14 months per
year, and 22 holiday days per year.

The machines are similar, and the present
marker price 1s €100,000 each. Usually a 5 years
depreciation period is used. The capital cost is
15%. The operator net salary 1s €1,260.

MC = 29,831.56 €/year
LC = (1260%14*1.23) = 21,697.20 €/year

Conit = (2%29,831.56 + 21,697.20)/41,664
= 1.95 €/unit
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« General formulas
— Variable Costs

Material cost = Amountx unit cost— (waste+ scraps) xscrap cost

Energy cost = Amount x unit cost
( Labour cost/year

Annual Production volume

If dedicated process

Labour cost/unit = <
Labour cost/year

———=——xprocess time/unit if non —dedicated process
| Productive time

Labour cost/year = Gross Salary * tax/month x N 4 wontmsivear X Mworkers % Nnitts

Productive time =n x N X Ngpiore

productive days/year productive hours/day

ppecas@tecnico.ulisboa.pt /1
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« General formulas
— Fixed Costs

Equip. cost/year
Annual Production volume

if dedicated process

Equipment cost/unit = <
Equip. cost/year
Productive time

x process time/unit  if non —dedicated process

Build. cost/year

: If ded. process
Annual Production volume

%space

occupied

Building cost
unit

<
Build. cost/year

———— x process time/unit x %space
| Productive time

If non —ded. process

occupied

Productive time =n x N

productive days/year productive hours/day XN shifts

ppecas@tecnico.ulisboa.pt 12
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Example 1
In a continuous production line, there are two possible equipments to buy:

EEEETYIETYS

Investment (€) 50000 150000 2.5
i Lowercost: Equipment A Lower cost: EquipmentB
el 50 10 ————————)
(sec) = 2
Man hour (€/h) 12 § \
Years 8 @15
(&)
interest 10% 5 \
2
Equipment dedicated; é \
: o
operator not dedicated £ os \ S
\ e B
O T T T T 1
0 50000 100000 150000 200000 250000
The decision depends on Annual Production volume
the production volume
(MARKET)
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Example 2 — The Product cost depends on the (Production) Process Design.
Compute cost for continuous line and job shop

Labour [€/month] 1000
Raw material [€/kg] 12
Energy [€/KWh] 0.1
Cycle time[minutos/unidade] 5
Equipment power [kKW] 100
Amount of raw material [kg/part] 0.9
Equipment [€] 250000
Equipment life [years] 8
Interest rate [%] 10
Productive days per year 240
Production volume [units/year] 10000
Shifts 3
Productive hours per shift 7

ppecas@tecnico.ulisboa.pt 4



. Production Management
Process Design Gestao da Producao

TECNICO

useoa  Production Costs

Example 2 (cont.)
Unitary production costs for different types of production design (10,000 units/year):

Continuous/repetitive line | Batch Production
Material cost [€/unit] 10.80 10.80
Energy cost [€/unit] 0.83 0.83
Labour [€/unit] 4.20 0.69
Equipment [€/unit] 4.69 0.77

The difference is in the use of the equipment — dedicated or universal

If the production volume is 150,000 units/year:

Continuous/repetitive line [Batch Production
|_abour [€/unit] 0.70 0.69
Equipment [€/unit] 0.78 0.77

ppecas@tecnico.ulisboa.pt [E



. Production Management
Process Design Gestao da Prgdugéo

',

TECNICO

useoa - Production Costs

Example 2 (cont.)
Unit costs for different Production Process Design (and production volumes)

10
9
= 3
£ Labour+Equipment costs -
7
E Continuous/Repetitive
- 6
8 &5
< Labour+Equipment costs - Batch
B 4 production
=]
< 3
o
- 2 A&b&»
1
O T T T 1
0 100000 200000 300000 400000
Production volume [units/year]
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