TU-A1300
26.9.2022

PRODUCTION PROCESSES AND
PRODUCTION CONTROL

Paul Lillrank
Professor

Department of Industrial Engineering and Management

© Paul Lillrank 2022



A?
e HOW TO CREATE KNOWLEDGE ABOUT PROCESSES

WHEL el S How does it work?  What can be done?
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Conceptual model Measures Dynamic model Interventions
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e RESOURCE- AND FLOW EFFICIENCY

Management of production unit

efficient
_______ Cheap
1 A and slow
Used capacity '
-----------
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Usable capacity : Resource Pr N

! efficiency T
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Operational capacity 1 .
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b inefficient SpESRA
Theoretical capacity slow fast

— Flow efficiency |——
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Management of process
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A?
e PROCESS IS A CONSEQUENCE OF SPECIALIZATION

Division  Specialization .
Experimental

of labor N 7 > N / method
/ - P Standardizationé Productivity
LZAANRSS] 2\ ]
/\ Vd \ Control

Fragmentation

Integration of a multi-component Coordination of a multi-step process
product or service Control, staffing, scheduling, quality
Product planning, Design

A

...... o Ee
> Tl ea kol %
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s A PROCESS IS A COORDINATION DEVICE

Production process
I

Step
Setup / Check Flow unit

Work-in-process inventory

INPUT —

®

THROUGHPUT*
Handover

Material storage

» Sequential coordination of steps, that change the state of a flow-unit (transformation)
» Division of labor: two or more distinct but complementary steps

» Specialization: workstations with dedicated resources for a specific output

» Handovers and inventory between tasks

* Identical or similar repetition: same process — same output

» Subject to variability — management required

*) Throughput in industry is (strictly speaking) output that has been sold.
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S, BOTH REPETITION AND FLOW
Variability
|dentical repetition of Quality
steps with one setup Standardization
Capacity

|
Output === Delivery

The journey of a flow unit
from order to delivery
Supply chain

ﬂl’hroughput time

Work-in-Process
inventory

Flow / layout
kHandovers
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A?
PRODUCTION SYSTEMS ARE ASSEMBLED
FROM PROCESSES

Process owner
|

Process .
Input | L»{output Direct, hands-on
Ll i Direct, hands

Handover Inventory Quality
Manager
Multi-functional Process owner(1) Process owner (2) Management
| |
rocess through
Handover
Contract
: Organization 1 Organization 2
Production 1]
system ‘ Management

through legally

Supply chain LI AL = H =] AL AL D=L HCFL ) || pinding contracts
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THE ELEMENTS OF PRODUCTION PROCESSES

ELEMENT WHAT IS IT (ONTOLOGY) WHAT CAN BE KNOWN?
MEASUREMENT (EPISTEMOLOGY)
TASK Transformation, State change Duration, Resource consumption (variable cost)

PROCESSING

Requires technology and skill

Quiality (conformance)

FLOW UNIT Object to be processed (goods, person, State (arriving, processed, waiting)
property, case, data) Movement / Experience
WORKSTATION Resource unit / location doing processing Capacity
:) Stationary or mobile Fixed cost
SETUP Prepare flow unit and workstation for Duration, risk, format,
processing Bargaining space
Setup to repetition -ratio
STEP -’ A setup+task connected to other steps, Step time, Takt time
In / out —interfaces
HANDOVER Moving a flow unit from one step to the Type, duration
next Accompanying information
FLOW The route / journey of a flow unit Beginning, end, duration

Planned or explorative

Alternative routes

OO

WORK-IN-PROCESS
INVENTORY (WIP)

Flow units processed or waiting to be
processed

Inventory volume, Inventory turnover
Queues

BATCH

=] (7

A set of flow units moving together

Batch size

CYCLE TIME C 10000 01

The time for a flow unit to move through a
certain number of steps

Time

THROUGHPUT

Number of finished flow units per time-unit

Production volume per time unit
Capacity
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Aalto University
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Patient as

person:
Personal and
medical history,
Social relations,
Preferences,
values....

FLOW UNIT IN SERVICES

Patient as property:
Diseases

Organs and organ systems
Genome

Person’s
property

Person Person’s

case

Patient as a

case.

Clinical
information
Applicable rules
and legislation

The entity that is processed / undergoes state changes in production.



Sehool of Seience PROCESS TYPES (1)
by movements of the flow unit

JOB SHOP DISCONNECTED FLOW
Jumbled flow

=
E Inventory 5
|§| Step f | j L j L
\4 gsgrd_ [ | | Inventory

Component 5 [lT]
storage Setup —
\Workstation 2 > 2 >

CONNECTED FLOW CONTINUOUS FLOW

Parts inventory

g o

Inventory

Sensor

Actuator

Moving assembly line

Hopp, W.J. & Spearman, M.L. 2011. Factory physics. 3rd ed. Long Grove, IL: Waveland Press.
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A?
s THE ANATOMY OF A PRODUCTION STEP

OK?
As
expected?

Cognitive setup:
What shall we do
now?
Setup Check

rocessin
Preparation State change Cleaning
Preparation of K Replenlsh_ment
materials, tools, ) | Make available for
and facilities for I ! Restore next process
processing Support

Infra
Maintenance
Monitoring

Processing builds on technologies (production function).
Processing changes the state of a flow unit (transformation)

Improvements in processing require investments in technology

Setup and preparations can be done in many ways €< management
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A?

Aalto University
S |

PROCESS TYPES (2)

Setup-to-processing ratio

Plannability Setup Step
Control |
PROCESS identical repetition
FORMATTED E U;?:‘éﬁ:gl setup with standard
PROCESS
Bargaining
ROUTINE | Individual setup, modules
PROCESS | ﬂﬂ“ﬂ—» Bargaining
Unclear situation
Exploration
EEZIE:OEF\;@TIVE No end-to-end plan
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Order
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Materials

PARALLEL FLOWS

Parts manufacturing

WIP
inventory

Assembly

Finished goods
inventory

Delivery
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. PRODUCTION LAYOUT

Functional layout Process layout

ProducVT‘ E I} I:I . .:[
5 Grinder > Drill Polish Surface

Produc

44l

Produc

Frodush> -@——1—1

Lathe ) Welding) Polish ) Hardening

L]
5 Lathe )) Polish Surface

L

Similar work stations grouped together Flow organized by product / flow unit
—> Specialization, Capacity Utilization - Throughput time, Inventory turns

14
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e KEY INDICATORS

Throughput time

A

\ 4

Work-in-Process
(WIP) inventory
volume

: uality-
Setup time Inventory turns deustéd
Takt time
o output per
ol w aiting ime time-unit
] |
Order Output ===p Delivery
T Delivery time
Processing time Delivery
Order arrival Capacity Capacity Quality precision
- Random - planned utilization rate Deviations
- Sizelvolume
- Type

- Time
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sty PROCESS DYNAMICS

Volume Batch size Work-in-process

()
@(())C()) | ———— it
HYAY: 2
Buffer inventory Bottleneck Variability
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A?

w>
o

T =
[+
Se

VOLUME
A
‘variable
Unit
cost T fixed setup cost

1=

Volume

Economies of scale

* repeat with same setup
» the cost of setup is
divided on a growing
volume of throughput

—> unit cost (variable +
fixed) decreases
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SYNERGY

—

Shared
infrastructure

Economies of scope

« different processes use
same infrastructure

« infrastructure can exploit
economies of scale

Unit
cost

e SETUP AND PROCESSING - COST AND VOLUME

LEARNING

v

Cumulative volume(log)

The experience curve
The learning curve

* unit cost falls predictably (%)
by doubling of cumulative
volume

* individual learning effect
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s LOT SIZE IS DETERMINED BY THE COST OF SETUP,
TRANSPORT, AND INVENTORY

Size of
transported
Lot size = lot
repetitions per
setup

Setup rocessin
Y00

WIP inventory
Work-in-Process
- Storage cost
- Cost of capital

Setup rocessi

Setup cost - Spoilage

] Igng(e)r supplies When lot size grows

. Risks. + capacity utilization improves
- WIP grows
- Longer throughput time

Leverage from improving setups!
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sty LITTLE’S LAW
>
£ - x BEES

Applies to stationary
queueing systems.

_
L @ /
025 10001
- & /| Beog
%10 = 10/1 Same output can be accomplished
- Fast with small WIP
%10 =20/2 - Slow with large WIP

This is management!
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Variable
demand

INVENTORY AS BUFFER

Disconnected flow

oo
R wie

SL&'D ‘ Storage
i +
Step
Handover
Materials> @ — /H @ l@ >put
Workstatio Setup ) ) ) ) ©9
i LT
O O
O O
Inventory
Some
. —
. must yield _
Capacity Time
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S A BOTTLENECK DETERMINES OUTPUT
WIP :
inventory |dle capacity
. l k //\
Workstation’s Bott e ) ‘ Output
capacity*
V18 5 S

) )

Flow =
Throughput time

*) Flow-units per time-unit

A chain is as strong as it’s weakest link
21
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A?
SRS WAITING TIME AND UTILIZATION

Kingmans Eguation - Vut Eguation Kingman's Eguation (560x474), Png Dt

WT =VUT

Variability large

WT= waiting time

V = variability component
(arrival and process variability)
U = utilization rate

T = average effective proces
time for one flow unit.

High variability is most Variability medium
damaging in situations with

high utilization.

Throughput time / average waiting time

/ Variability zero

0% 100%
Capacity utilization

22
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THE MANAGEMENT OF CAPACITY

Improve
setup

s

Workstation

Process

System

This does the job
Errors
Unnecessary
v T i movements
Proces seqyp 'Waste”
-sing ! :
__________ Daily
Idle ! management
Used capacity capacity :
""""" Reduce variability
it Quality and reliability
. Unexpected ! improvement
Usable capacity Stoppglge : .
| Scheduled | J Production
Operative capacity | maintenance=r—_Planning
| Vacations ___
Theoretical / computational capacity

[ This you pay for

Demand is assumed to be constant
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A?

PRODUCTION PLANNING AND CONTROL

[ Sales estimate 1
I

[ Orders

Capacity
Production strategy] Location

Management of
variability and
exceptions
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—

planning

. )
Comprehensive

-

g
Master production
scedule

( . . )
Detailed planning

J

Production
control

~

A 4

Production

Production volume
Labor requirements
Purchasing

Machine capacity
Work order

Daily management

Layout
3v

12 kk

t=0
—{ Delivery 7
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sty PUSH AND PULL

Push Pull

Demand
estimate Order

Production
plan

| Kanban

CHWHT- ST
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A?
s HOW CUSTOMER ORDER AND PRODUCTION MEET

-
52
Engineering Purchasing Parts Assembly Delivery
manufacturing
Make to stock ~ _ ___ g
Assemble to order  _ _ _ _ _ _ _ o o o o o _ >
C
U
Make to order oo - - > S
T
@)
M
Resource to order E
————————— 5
R
Engineer to order

= Order Penetration Point (OPP) the point in time when a specific customer order is attached to a specific flow unit — product.

= = » = Activity based on demand estimate

26
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st THE FRONT OFFICE AND THE BACK OFFICE

BACK OFFICE

Reservation

FRONT OFFICE

VALUE NETWORK

V

[Preparatlon Customer-

R r e
esource specific

acquisition and _
allocation preparation

N

Customer episode

()
—/

~

Service ;vent

j

A

Demand Order
estimate penetration
point (OPP)
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Utility
Experience

~

/

First contact

!
|

Last contact
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VARIABILITY HAMPERS PROCESSES

DaiaN

Materials Environment

_
4‘/:!_!,—%‘%
Machinery Operators Instruments

AN Vadet
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THE PROCESS IS PROTECTED FROM EXTERNAL
DISTURBANCES

DaiaN

Materials Environment

ORDER HANDLING UALITY SYSTEM _DESINFECTATION ACCESS CONTROLO

A Reloiel 1ei -

T T~ T S S S~ e S B B~ T ey e
ﬁ?EDICTIVE MAINTENANCRAINING STANDARDIZATION INSPECTION FILTER®LATIO

TNIOO_LH

COMIN INSPECTIONS

NOILD3dSNI

Machinery Operators Instruments

AN Vadet

...REMAINS INTERNAL SOURCES OF VARIABILITY
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A?

e \VARIABILITY: SPREAD / CLUSTERING OF DATA
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Variance: deviation

Variation: the spread in relation to a target...

... and tolerances.

Variety: different types e
e ¥
£r

3

B

30



A?

Aalto University
school - '

© Paul Lillrank 2022

CAUSES OF VARIATION

Specific causes
 external source of variation
Error zone - uncontrolled
 time-location specific (ask why’?)

[ « can be found from time series analysis.

““Tolerance band
Common causes

* internal sources of variation

« capability under normal conditions
* random, probability distribution
Target « endemic to system architecture.

Errors due to specific and common causes
often look similar. Can be identified by
control charts that show behavior over

time.
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A?
e QUALITY IS RELATIONS

The relation between customer
expectations and experiences

[

BIG Q
Planning Customer
Design experience
Expectations Specification = Production Output ‘l' Outcome
small g

|

The relation between specifications and
accomplished output

N

Reduce process-internal Error-free product/service
variability: increase control delivered to customer as
promised
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