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, 1 SPS DEFINITION AND ARCHITECTURE

= Smart Production Systems (SPS) — production systems
capable of self-diagnosing and designing optimal continuous
Improvement projects, leading to the desired productivity
Improvement.
= SPS may operate In two modes — semi-autonomous and
autonomous.

= Semi-autonomous: The SPS computes the optimal advice, while the
Operations Manager authorizes its implementation (manager-in-the-
loop)

= Autonomous: The SPS-designed continuous improvement project is
autonomously authorized for implementation.

= The current work addresses the semi-autonomous regime.
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1 SPS DEFINITION AND ARCHITECTURE (CONT)

= To be “smart”, a production system must be equipped with an
Advising Tool (AT) consisting of:

= Information Unit (1U)

= Analytics Unit (AU)

= Optimization Unit (OU)

= |U — utilizes sensing/computing/communication devices (e.g.,
Industry 4.0 technology) to monitor performance metrics.

= AU — utilizes the theory of Production Systems Engineering
(PSE) in order to analyze system’s health and investigate
various “what if”” scenarios of potential improvement.

= OU - utilizes methods of Artificial Intelligence to select the
optimal advice for achieving the desired productivity
Improvement (if at all possible).
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1 SPS DEFINITION AND ARCHITECTURE (CONT)

= SPS architecture, developed in this work is as follows:

Resulting Desired  Admissible
productivity productivity  decision
improvement improvement  space

Adyvising Tool

Mcadurements Quantified model System health Optimal: ad"icﬁf
: .

Information Analytics Optimization f " Operations

unit ; i | Manage

Managerial decision and implementation team assigned
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1 SPS DEFINITION AND ARCHITECTURE (CONT)

= SPS connection with Industry 4.0
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= SPS contributes to automation of decision-making processes.

= SPS could be viewed as a part of a major concept of Industry 4.0
— Smart Factory.

© 2017 S.M. Meerkov Smart Production Systems November 27, 2017 6




1 SPS DEFINITION AND ARCHITECTURE (CONT)

= SPS connection with Control Theory
= Major concepts of control:

Plant — system to be automated (e.g., a boiler at power plant)
Sensors — devices to monitor process variables (e.g. temperature)
Reference signal — the desired values of process variables
Controller — algorithm for calculating appropriate plant inputs
Actuators — devices to actuate process variables.

= Major concepts of SPS:

Plant — production system

Sensors — PLC and others performance monitoring devices

Reference signal — the desired productivity improvement

Controller — SPS Advising Tool

Actuator — Operations Manager and improvement project implementation
team.

© 2017 S.M. Meerkov Smart Production Systems November 27, 2017 7




1 SPS DEFINITION AND ARCHITECTURE (CONT)

= SPS connection with Control Theory (cont)

= Similar to control systems, designing SPS requires a process
consisting of:
= Developing a model of the production systems at hand
= Designing Information Unit
= Designing Analytics Unit
= Designing Optimization Unit
= Designing the structure and format of the advice to the Operations

Manager.

= Also similar to control systems, this process may take a
relatively long period of time before full functionality of SPS is
reached.

= This talk Is intended to outline major steps of this development
process.
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2 PRODUCTION SYSTEM TYPES AND PSE TooLBOX

= Types of production systems considered:
= Serial lines

my b omy by by_z My_y by_; my

= Closed serial lines

Carner buffer

= Serial lines with product quality inspection
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2 PRODUCTION SYSTEM TYPES AND PSE TOOLBOX (CONT)

= Types of production systems considered (cont):
= Serial lines with re-work

= Assembly systems

Main line

Subassembly lines
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2 PRODUCTION SYSTEM TYPES AND PSE TOOLBOX (CONT)

= Performance metrics of importance:

= Throughout (TP)
= Work-in-process (WIP)

= Probabilities of blockage and starvation (BL and ST)

= Production lead time (LT)

= Analytical methods for their evaluation
have been developed in J. Li and S.M. Meerkov,

Production Systems Engineering, Springer 2009 (in Chinese, 2011).

= While PSE uses standard terms, such as bottlenecks, leanness, lead time, etc.,
it infuses them with rigorous quantitative meaning and provides analytical

formulas for their evaluation.

= To facilitate applications, we developed a web-based PSE Toolbox®
= These methods and tools allow to make a production system

“smart’.
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2 PRODUCTION SYSTEM TYPES AND PSE TOOLBOX (CONT)

= PSE Toolbox® architecture (home page):

Hello, John! £ G

What-if Leanness Lead time
analyses analysis & control

PSE

= TOOLBOX }

— ot —

Measurement- ADVISING
o= = B

management

CREATE/SELECT A SYSTEM:  Create new system | Select existing system | Select shared system | Select examples
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2 PRODUCTION SYSTEM TYPES AND PSE TOOLBOX (CONT)

= The process of PSE Toolbox® utilization begins with “Create a new
system” (or “Selecting existing” system):

Create new system - X
Exponential reliability Single-job production
‘ System name My system I ‘ M 5 I Refresh
Select units:

MTBF / MTTR Minutes Cycle times Seconds v

Machine name Cycle time MTBF MTTR

m1
m2
m3
m4

g B W NN =

m5

59
60
58
62
55

9.2

19.5
18.4
21.2
18.0

0.8
1.1
1.3
0.7
0.9

N

|\I\JI\JI\)I\)
]
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2 PRODUCTION SYSTEM TYPES AND PSE TOOLBOX (CONT)

= Then, various PSE Toolbox® modules can be applied:
For example, using “Performance analysis” module, we obtain:

ACTIVE SYSTEM:

My system aYou @ V4 T < x Create new system| Select existing system | Select shared systern| Select example

Performance analysis < X

(DA HOA PO FOA HO-

Machine name m1 m2 m3 m4 m5
Cycle time (Seconds) 59.0 60.0 58.0 62.0 55.0
MTBF (Minutes) 9.20 19.5 18.4 21.2 18.0
MTTR (Minutes) 0.80 1.10 1.30 0.70 0.90
Efficiency 0.92 0.95 0.93 0.97 0.95
Stand-alone TP 56.1 56.8 58.0 56.2 62.3
Buffer capacity 2 2 2 2
Starvation 0 0.025 0.051 0.034 0.13
Blockage 0.036 0.023 0.015 0.0060 0
Work-in-process 1.14 0.62 0.97 0.20

Throughput 53.9 JPH

= Other PSE Toolbox® modules are described in subsequent sections.
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3 IU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS

Theoretical foundations of 1U:

= Theoretical foundations of IU stem from the coupling between IU and
AU. This iIs because the model employed by AU dictates “what to
measure” and “how to measure” by IU. Thus, the issue of production
systems modeling is at the core of 1U design.

Computational tools of 1U:

= These tools are based on the algorithms for model simplification,
represented in PSE Toolbox® by the Modeling module.

= As far as modeling is concerned, there are three types of
productions system models:

= Part flow model (PFM)
= Mathematical model (MM)
= Computer simulations model (CSM).
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3 |U: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

s Part flow model:

= PFM is intended to represent major departments of a systems
and their interconnection from the point of view of parts flow.

= Example: Underbody assembly system:
« Layout:

p - ) - ra 213 -
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3 |U: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= PFM primary utilization: BN identification based the “arrow
method” developed in PSE.

= Example: Underbody assembly system:

= Thus, IU measurements in the framework of PFM must be
blockages and starvations of production system departments.
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3 IU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

s Mathematical model:

= MM is intended to represent production system’s simplified
version, but still capturing its main features.

= MM consist of a block-diagram, which includes machines and
buffer, along with their parameters.

= Primary utilization: Evaluation of system’s health and efficacy
of “what If” continuous improvement scenarios. To carry out
such calculations, PSE theory is used.

= The process of MM development consist three steps:

= Structural modeling
= Parametric modeling
= Model validation

= Each step is repeated until the desired accuracy is achieved.

© 2017 S.M. Meerkov Smart Production Systems November 27, 2017
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3 IU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= |U measurements necessary for AU in the framework of MM:
= Machine parameters: 7, T, (MTBF), Tyon (MTTR), BL,ST, g
= System parameters (for validation purpose): TP,CR, WIP, LT.
= Using these measurements, IU calculates:

=« machine efficiency: e = ;
Tup+Tdown

= machine capacity: c = 1/1;
= machine stand-alone throughput: SAT = ce.
= Inaddition, IU must provide information on buffers capacities,

N;.
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3 IU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL

TOOLS (CONT)

= Example: LED mathematical model:

= Structural model:

©F TO: TO% TO° YOS tO} fO5

= Parametric model:

Op.1 Op. 2 Op. 3 Op.4 Op 5 Op. 6 Op T
JHIII- JHIII- JHIII- JHIII- JHIII- = JHIII-
MTBF (min) 413 401 19 282 165 388 agy _oulfer e B
MTTR (min) 15 135 082 07 095 18 153 Capacity 4 4 4 3 4
Cycle time (min) 1.1 105 098 087 002 095 105

= Model validation: Average error ~2%.

Maching nama

Gyda tma (lliruies) 1.0
FITEF P birs} 413
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EMichnoy HIE |
Suand-aloree TP 300
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© 2017 S.M. Meerkov

FanN .-"_"'-\.I
" I E‘ .-: ! .F]
s S

o1 Op. 2

Op. 3 Up. 4 Op. b Up.

LR -] LR 1 AL ek

4.0 140 Zhz 1E5 1B

L i LN k-] 1.4

Q7S o K] e B
428 4z8 [ ] 21.4 42,

4 i 3
0 0031 0. (R 000208 CLOET
am (LN ) L] ARl o
050 2.K3 zA41 0,53

Smart Production Systems

.054

1.08
137
1.4
LR
Fa.3

1 K]

Ny ) ) R i,
W e e ) e T
N L N R WA

. op. T

November 27, 2017

20




3 IU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= Computer simulation model:

CSM is intended to represent a production system’s ““digital
twin” (i.e., capturing all features of its behavior).

If such a model were created, performance metrics and efficacy
of potential improvement projects could be evaluated by
computer simulations (with no need of analytical theory).

Since CSM s intended to represent “everything” in system’s
behavior, U must measure “everything™, if AU utilizes CSM.

Many believe that creating a “digital twin” is impossible and,
moreover, unnecessary — since ““everything’ cannot be
measured.

If this is true, “incomplete digital twin” or “incomplete
measuring” could lead not only to quantitative errors , but to
qualitative ones as well.
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3 |U: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= Summary of the production system model properties:

Part flow Mathematical Computer
model maodel simulation model
(PFM) (MM) (CSM)
Modeling Easy Difficult Very difficult
Complexity Simple Complex Very complex
of TU (requires real time (requires real-time
measurements of measurements of pa-
machine and buffer rameters of every
parameters in- element of the pro-
volved in the block-  duction system in
diagram) the factory floor)
Utilization
Eristing sys= BN identifica-  Performance analysis  Performance analysis
tems tion & BN identification & BN identification
Continuous Cannot be Efficacy analysis Efficacy analysis
improvement used (using analytical (using statistical
projects technigues) tools)
Accuracy Relatively high Relatively high High (if the digital

twin is sufficiently
precise)

= Based on the above, SPS Advising Tool developed in this
work uses U to support MM employed by AU.

© 2017 S.M. Meerkov

Smart Production Systems

November 27, 2017

22



4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS

= [heoretical foundations of AU: Theory of Production
Systems Engineering

= Computational tools of AU: PSE Toolbox®

= Utilization of these tools in AU requires knowledge of
methods developed in PSE 2009 and subsequent
publications.

= Therefore, these methods and computational tools
(utilized In AU) are briefly outlined next.
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

s Bottlenecks:

= Definition: BN is the machine with the largest effect on the system

throughput:
oTP . oTP i
6cl- aCJ V) -

= Since the derivatives involved cannot be evaluated analytically, the
following approximation method has been developed:

= Using SPS Toolbox, evaluate BL and ST of all machines.

= Assign arrows between each two machines according to the rule: If BL; > ST;, 1,
assign arrow from m; to m;,4; if BL; < ST;,4, assign arrow from m;,; to m;.
The machine with no emanating arrows in the BN (in the above sense).

= If there are multiple machines with no emanating arrows, the one with the largest
severity S; is the primary BN:

&= |8Ts — BL,4|,
5= ST,y — BL;| +|ST, — BL, 4|, i=2,---,M —1
= |8Tw — BLar—|.
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL

TOOLS (CONT)

= Bottlenecks (cont):
= PSE Toolbox module “Bottleneck identification”:

Create new system | Select existing system | Select shared system | Select example

ACTIVE SYSTEM: My system &You @ 4 W « %X

~(OA @ PO HOA

Machine name m1
Cycle time (Seconds) 59.0
MTBF (Minutes) 9.20
MTTR (Minutes) 0.80
Efficiency 0.92
Stand-alone TP 56.1
Buffer capacity

Starvation 0
Blockage 0.036

Work-in-process

m2 m3
60.0 58.0
19.5 184
1.10 1.30
0.95 0.93
56.8 58.0
2 2
0.025 0.051
> 0.023 <« 0.015
1.14 0.62

Throughput 53.9 JPH

L £ € 4

0.97

m4d

62.0
21.2
0.70
0.97
56.2

0.034
0.0060

Bottleneck machine(s) quick

peak
Machine name m2

MTBF 19.50

MTTR 1.10
Availability 94.7%

ST 0.03

BL 0.02

Severity 0.04
Stand-alone TP 56.80
Upstream WIP 11412

Downstream WIP 0.62/2

= Note that BN iIs not the machine with the smallest stand-alone

throughput.
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= Buffering potency:
= Definition: Buffering is:

= weakly potent if BN is the machine with the smallest stand-alone
throughput; otherwise, the buffering is not potent;

= potent if it is weakly potent and, in addition, the stand-alone
throughput of the BN machine is close to system’s throughput, TP.

= strongly potent if BN is potent and the system has the smallest
buffering necessary to ensure this throughput.

= Measurement-based Management (MBM):

= A method for production systems management based on
measuring machines’ BL and ST, identifying the BN, and, on this
basis, making managerial decisions.
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= PSE Toolbox module “Measurement-based Management”:

ACTIVE SYSTEM: LED Streetlight system &SYou @& 4 W « %

Create new system | Select existing system | Select shared system | Select example

Measurement-based management < X

Select a date | 08/18/2017 ()

Electric OPs Test & Pckg

ST  0.000 ((( 0.361 ((( 0.250
BL  0.005 0.032 0.000
Throughput: 29.16 JPH BN department: Assembly OPs

View machines

ST 0.000 ))) 0.043 ))) 0.033 ((( 0.361 ((( 0.163 ((( 2222 (((

BL 0.199 0.206 0.005 0.011 0.032

»
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= Leanness of buffering:

= To define lean buffering, the following parametrization is introduced:
= System efficiency:

E TPy
TP,
= Level of buffering:
N cycle _ Tdown
n= e where T, —~ = -
down

= Definition: Lean level of buffering (ng) is the smallest level of
buffering necessary and sufficient to ensure the desired system

efficiency, E.

= PSE 2009 provides methods and algorithms for nz calculation for
various types of system.

= Given ng, the lean buffer capacity is calculated as N = T2 .
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= Leanness (cont)

= Lean buffers capacity a function of e, E, and M:

20

in
T

.__-__n—ﬂ—"

T
":;:&—-:r—*'*'f

—Ai— : i
B.E 0.85 0.95

o e=075
—+ =0 85
e

-~
- -

E 0.9

12

8
6
4
pr!

= Rule-of-thumb for selecting lean buffering:
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

s PSE Toolbox module “Leanness’:

ACTIVE SYSTEM: Mysystem GYu @ 4 [ «< X Create new system | Select existing system | Select shared system | Select example

Leanness o X

Type in desired line efficiency or desired throughput.

‘ DesiredE | 0.98 Calculate! OR Desired TP | Desired throughput (must be less than Calculate!
Machine name m1 m2 m3 m4 m5
Stand-alone TP 56.1 56.8 58.0 56.2 62.3
Suggested lean buffer 6 4 4 2

Throughput 55.0 JPH
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= Just-Right vs. Just-in-Time operation:

= JIT is often understood as having no buffer between each pair of
consecutive operations. This leads to low WIP and, unfortunately, low
TP as well.

= The opposite of JIT is having very large buffers. This leads to the
largest TP but, unfortunately, to very large WIP.

= The method of lean buffer design, discussed above, provides a
compromise: It offers a possibility for calculating the smallest buffer
capacity, which is necessary and sufficient to guarantee the desired
throughput.

= That is why we referred to it as Just-Right buffer capacity allocation.
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= Production lead time:

= Definition: Production lead time (LT) is the time a part spends in the
system, being processed or waiting for processing.

= LT is of particular importance in systems with large (“infinite”)
buffers, where it may be orders of magnitude larger than the total
processing time.

= Control of LT can be accomplished by throttling the raw material
release rate (RR) so that desired lead time is obtained.

= Since in systems with infinite buffers TP = RR, this implies that TP Is
also “throttled”.

= The relationship LT vs. RR or, equivalently, LT vs. TP is referred as
characteristic curve (CC) of a production system.
= Analytical expression for CC has been derived in a paper by S.

Meerkov and C.-B. Yan (M&Y 2016), IEEE Transactions on Automation
Science and Engineering, vol. 13, Issue 2, pp. 663-675, 2016.
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= Production lead time (cont):
= [t has been shown that CC has a knee-type shape:

rr

RR

= Having RR below the knee is undesirable because TP can be increased
without a substantial increase of LT; operating above the knee is also
undesirable, since TP is almost constant, but LT becomes large.

= Thus, the desirable operating point is at the knee — the “sweet point”.

= In M&Y 2016, the position of the sweet point is quantified as the CC
point with the largest curvature.
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= Production lead time (cont):

= Also, M&Y 2016 provides analytical expressions for RR, which
ensures operation at the sweet point (or at any other desired point of
CC). These expressions depend on the machine parameters.

= If machine parameters are not known precisely, M&Y 2016 provides a
feedback control law for raw material release specified by

E(s+1)= EE!’ it WIP"‘?MF('S‘) < Wﬂﬂ;mrm!
0,  otherwise,
where A
i R, — e,
ER‘, - \‘?f?(](ffd)J WIPnominn.’ — ?(Hd — MT).

= It has been shown that this closed-loop control ensures LT close to the

desired, even when the open-loop control leads to infinite LT (due to
variations of the machine parameters).
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= PSE Toolbox module “Lead time analysis and control’:
= LT analysis:

Lead time analysis < X
Lead time unit for analysis: © Seconds ® Minutes  Hours Cycle time: 1.00 Minute
Machine name Release machine m1 m2 m3 m4 mb5
MTBF - 9.00 9.00 9.00 9.00 9.00
MTTR - 1.00 1.00 1.00 1.00 1.00
Efficiency - 0.90 0.90 0.90 0.90 0.90

Lead time > 5.90 (Minutes)
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= PSE Toolbox module “Lead time analysis and control”:
= LT control:

release machine efficiency

[ LTd 10 Minutes
- | | e € rat
Rl 80 Minutes
. | 1 / Per rate
Calculate » wi el utfe
wip
Total WIP
losed-lo
Optimal €
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS (CONT)

= Multi-job production systems:

Definition: MJP is a class of flexible production systems intended to
produce several job-types using the same sequence on manufacturing
operations.

MJP systems are defined not only by the machine and buffer
parameters, but also by the desired product-mix, r =
[11, ...75], 25—, 7; = 1 (which may be changing on a daily basis).

All characteristics of MJP systems performance (e.g., TP, BN, WIP)
depend on r.

A theory of MJP systems has been developed in P. Alavian, P. Denno,
and S.M. Meerkov (A&D&M 2017), accepted for publication in IJPR
(http://www.tandfonline.com/doi/pdf/10.1080/00207543.2017.133877
9?needAccess=true)

A major part of this theory is Product-mix Performance Portrait
(PMPP), which represents MJP systems BN and TP as functions of r.
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL

TOOLS (CONT)

= Multi-job production systems (cont):

= PMPP for S = 2:

1

35
]
]
]
. 30 ;
xI i
& ;
-+ :
3 :
||
= |
]
= 15 :
(@) 1
bl 1
£~ 10 :
= |
1
5 1
]
C L
0 1
— 0 0.2 0.4 0.6 0.8
‘Q m3
—
o
E m2
=
L

0
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4 AU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL

TOOLS (CONT
= PSE Toolbox module “MJP performance portrait”:

MJP performance portrait < X

Primary job-type: Job 1 Set Job 2 as primary = Set Job 3 as primary

Throughput (JPH)

BN station

Product mix of Job1l

Job 2 Job 3

E

50% 50%
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5 OU: THEORETICAL FOUNDATIONS AND COMPUTATIONAL
TOOLS

Theoretical foundation of OU:

= Based on optimization techniques in the space of production system
parameters.

= More precisely, given a desired system improvement and the current
status of the system at hand (provided by AU), OU is supposed to find

the most efficient way of modifying the machine and buffers
parameters so as to transfer the system from its current to the desired

state.
= This is accomplished using the PSE Toolbox to quantify the utility of

various points in the parameter space and various search techniques.
= Computational tools of OU:

= OU uses all modules of PSE Toolbox to find optimal continuous
Improvement project.
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND
VERIFICATION

= SPS Advising Tool® architecture (home page):

Managerial Unit: Managerial Measured
input Advice to the approval productivity
improvement

SPS Hello, John! 8¢ (»
TOOL R
Optimization
Analytics
Unit

manager
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND
VERIFICATION (CONT)

= SPS Advising Tool® design:

Develop (off-line) and upload into the “System” block a MM of the
production at hand

“Connect” U with the sensors monitoring the performance of the machines
and buffers involved into MM

“Connect” AU with the PSE Toolbox® modules necessary for performance
analysis of the system at hand

Develop and upload into OU search algorithms necessary for developing
optimal improvement advice.

Develop and upload into the “Measured productivity improvement” block
algorithms for the required calculations

Train factory floor personnel in carrying out required managerial functions.
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND
VERIFICATION (CONT)

= SPS Advising Tool® operation:
= Selecting “System” block:

SYSTEM o9

Please selzcl a system:

Underbody Assembly JRESsE= Gl
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND
VERIFICATION (CONT)

Halo el O O

. _ =
= SPS Advising Tool® operation (cont): i'ﬂ

= Selecting “Information Unit”:

INFORMATION LINIT

Data colection period;
y" { = . & S #
(] [ ] b ' "'._ B :-| = b | [
% i ! Bt ¥ L N 4
RN REime Fin BaOE LEDSA ginach s Legivt driwei Wirng Tasding Cackaging
CyCle ima G40 3.0 Ta 0 2.0 2.0 : 630
WMTHF 534 255.7 171 170 My 244 1 20d.h
MTTR g8.4 To.5 LED 45.2 14.0 1054 g
Buffer capactty 4 4 4 3 3 4
ks fime unns e B Y
MTEBFRMTTR uniis - |S=condsi
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND

VERIFICATION (CONT)

= SPS Advising Tool® operation (cont):
= Selecting “Analytics Unit”:

AMALYTICS LiMIT

Sysiem healih Cumrant stafus Whal-if analyses
FPERFORMANCE ANALYIS

L) P ra ol | /7
(D A HEA DA HEH

P . W P | Al
FdGCTne nams F i it Labszl gtach Coover LI arreer W i
CyCie 1ime [Ee0onos) &6 .0 B0 a0 210 SED
MTEF { Emconds) L ] asaT 1171 1r0.0 =0
MTTR [Seconds) BE4 To.0 42.0 a5z G4 3
EMciency 074 O.7E o 0.ra ES
Sland-akone TF 404 43 E 423 64T 442
Buffer capaciy 4 - 4 3 3
Slaryaion il .04 Q0an .00ET 0
Siockage 0081 FrF o1 > 11 b 0.37 Frr 13 Fry
WEOTE-in- DRCESS 247 277 300 263 1.60

Thiroag hput H

(B
"/

Tersling

ST
2442
1024
0 ED
41E

0044
1 091

|
oo j =
| .,

-

-

Fackaging
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND
VERIFICATION (CONT)

= SPS Advising Tool® operation (cont):
= Selecting “Analytics Unit” (cont):

AMALYTICS LIMIT

Parlarmange anahysis Caprand sialiis ‘Whal-il anaiyses

Throaghpnl LoGsss Bolileneck

he sysiem has one ENECE
ary Bomenece: [EEEEIERY Ser0.02¢

Bufer polency

S GUE TO P e DO k0 oy
4% due To buffsring
bl TT
- .
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND
VERIFICATION (CONT)

= SPS Advising Tool® operation (cont):
= Selecting “Analytics Unit” (cont):

ANALYTICS LINIT

F&"‘IIIII':'I"IZZH .-:.._-: !."_ii:"' S.II.._EIP_.“ "t:'.'ll :I. '|_|'|||I|i"- f .-ll--_.ll !IIE -
CURRENT STATUS
=t 3% &H JPH in= = TciErey 055

I BuiTering =Moency: 0.903
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND
VERIFICATION (CONT)

= SPS Advising Tool® operation (cont):
= Selecting “Analytics Unit” (cont):

Analymics Unit - X

Pailaireess & PHE T PR S Camad] SEius
WHAT-IF ANALY SIS

Salad inpul paranelen

Saact ang oF Mmane from the e
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND
VERIFICATION (CONT)

= SPS Advising Tool® operation (cont):
= Selecting “Managerial input” block:

MANAGERIAL INPUT - X

Select 8 performance metric o improve:

Lead Bme=  Leanmess Cuali
Desred throeghmd | 37 This imge=s 5. 7% rmpovemeni m
1
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND
VERIFICATION (CONT)

= SPS Advising Tool® operation (cont):
= Selecting “Managerial input” block (cont):

MANAGERIAL INPUT o X

Degsired peformance iImprovemeant

CLrment Gycie G

Linsg Machina Napme of Jok 1 Min cycle time of Jobd Cwrent MTTH Min MTTR
N 1 Fin Dol BEA =5 ki 3
Whan 2 Labsd atiach E3.0 = Tah 790
Lisn L] B | 890 £ &0 O 1
L raed i
Lhain ] \Wirmng B20 i 5 4 163
in 5 Tesing BT 0 = 1024
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND
VERIFICATION (CONT)

= SPS Advising Tool® operation (cont):
= Selecting “Optimization unit”:

UPTIMIZATION UMNIT: ADVICE TO THE MANAGER
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND

VERIFICATION (CONT)

= SPS Advising Tool® operation (cont):
= Selecting “Managerial approval” block:

MANAGERIAL APPROVAL

The gl'_lal afl [=r ) TP af 37.50 JPH can be satished

 of Ehe Actions ished Delw, (ease UNCHECK e and Cick on e recakulae

N FOHCANING SCH0N plan Bonieves 5779 JPH. 1T ol 90 nol agnea 'aim an
bution jo see the cbizined TP withoul Thase achons

o  Imgeve maching Testing (Machine 5 rr B SECnnda
w  Impfve machine Paskaging (fMacnne 7] mr;.- T Se0nncs

s Impove machne Testing Machine 83, [[IEY by 11 s=conds

Tne selkcked aclions ara asimaied o someyve TR o 37 TAS6H
! this Improwemen? = accepiatie dick on Sutmil acions buticn

T gljill al reach g TP al 37.50 JPH can be satisfed

T T Iy O paod Srea wim Ny OF [N SCions esled Depsy (eaarsn UNRCNelE e 3] CCK N e resCaicilse

-.'_. ‘_'{I. .l_-_-:'l.-l 4_!' | !Jq 1 _::-'IE'..\_E.E :..' W,
bution o ses the oblained TP withoul thase adions

o Impove maching Testing (Mschine 0 [ETSEEE o § secands
#  Improve machine Packaging (Macting 7) ml.} ¥ secoms

T eiECked ACICNS 308 BEimald o acfmye T of 370810
! this Improwement is acceptable dick on Submil actions button
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND

VERIFICATION (CONT)

= SPS Advising Tool® operation (cont):
= Selecting “Managerial approval” block (cont):

MANAGERIAL APPROVAL

The gr_'l:gl af |Ea[:"".'.1!-;;, TF ol 37.50 JPH can be satshied

Th ol _II-:l 1o plad oS 57 79 0H 17 00 oo ol Bred W Ay OF [Re SC10NE BE1S0 DEl [idasd UNCREDE ITedh il L
tation o see 1he obta 'rEﬂTn‘.'. houl thase actians

W Impove machine Teming iaacnee 6 BT AT Rl o & secands
impenve machine Peckaging Macnine 7). IR ral by 3 setond

o Improve machine Testing (Machire & [[EY b+ 11 s=conds

T SekCkad BCIONG &°a SeAMaked 0 aofmye T2 o 37 0452
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T A1y OF s ST e
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6 SPS AT: ARCHITECTURE, DESIGN, OPERATION, AND
VERIFICATION (CONT)

= SPS Advising Tool® verification:

= Experimental verification procedure:
= Design a discrete-event simulation model (DESM) of the system at hand
= Run DESM with machine parameters approved by the Operations Manager
« Statistically evaluate the resulting performance metrics
= Compare the results obtained with those predicted by OU.

= Results obtained (selecting the “Measured productivity
Improvement” block)

MEASURED PRODUCTIVITY IMPROVEMENT o X

-

amganson of TP bebaveen peiiods 1 amnd 2

Peanicad 1 Period 2
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[/ CONCLUDING REMARKS

= SPS potential impact: theoretical

= The SPS potential theoretical impact is due its effect on Control Theory.
While this theory contributed substantially to automation of machine tools
and material handling devices, it had almost no effect on decision-making in
manufacturing environment. Analysis and design of Smart Production
Systems may lead to a new page in Control Theory — automation of decision-
making.

= SPS potential impact: practical

= The SPS potential practical impact is on the productivity improvement. In
dozens of continuous improvement projects carried out in the last 30 years,
we observed that throughput losses of 10%-20% are quite common in
practice. This implies that reducing these losses, for instance, in half (which
SPS brings in the realm of possibility), would result in 5%-10% of
productivity improvement. That is why we believe that development and
deployment of SPSs is of singular practical importance.
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/ CONCLUDING REMARKS (CONT)

= The results included In this talk are described in more details
In the forthcoming book:

Smart Production
Systems

Theoretical Foundations, Computational
Tools, and Practical Design

Preliminary edition

Pooya Alavian | Semyon M. Meerkov | Liang Zhang
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