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This paper proposes a new improved methodology to assess reconfiguration manufacturing system (RMS) adaptability in
small and medium manufacturing industries. The evaluation of scenarios and alternatives for a reconfigurable design in
manufacturing systems requires efficient and convenient methodologies to confirm the comparative evaluation metrics of the
assigned KPI. Customizable factors are extracted and mapped for the design structure matrix and the analytic hierarchy
processes. Reconfiguration event information is visualized as bill of resource. Evaluation format of KPI choice is then
suggested. The reconfiguration control manager is designed to extract and combine the objects and the resource library of
the reconfigurable assembly module and line. This paper first proposes the improved evaluation modeling frame and format
with the newly refined KPI for the assessment of reconfiguration adaptability. Second, it shows the applicable suitability
through a partly designed domain at the real automotive components manufacturing and assembly factory. Finally, it
discusses the issues related with the customization and case results by the suggested evaluation methods.
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1. 947 I
NOMENCLATURE
AIAR = 42} AFS T (Industry 4.0)2] F271 7|20l 2m}
AHP = Analytic hierarchy process EFAE AFFels q719ey Ax F2E A7 AIRAI L
BOR = Bill of resource H(RMS) =50l thgt AZREFAS Huat 74l All7E o
DMS = Dedicated manufacturing system Qo Al AN 2TV JER R AR T
DSM = Design structure matrix A Al AARE SAAABEAY A8 F e/ ol TRt AR
EPS = Evolved production system 2ol g2t Ad=gdolrt.
FMS = Flexible manufacturing system 53] saAlRd A4S 7Iedsms 2R % U3 484
HMS = Holonic manufacturing system 7holEut Bl 2JEE o= X Y. AAMA 2 A
KPI = Key performance index 3] BEol gk A&t g3t vl-gAS f1gt 214 9] RMS A
MPS = Modular production system Aol AFrBE71/4e] A/dm7iet 1 F7HAA F50] B4
RMS = Reconfigurable manufacturing system ojt}. 53] A4l HF ojFo] 53 U T4 71HE°]
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1)Identification 3)Modeling 5)Visualization(Tool)
* Goal /Strategy * Key Factors
* Factors * Evaluation Method

* Reconfiguration
* Key Factors

* Resource « Structural KPI * Related Resources
* Economic KPI
<L < < L

2)Mapping (Tool) 4)Methods(Tool) 6)Evaluation
* Factor/ Resource

( AHP/ DSM)

* KPI Comparison
» Level Decision
* Given Criteria

* Data Measuring
* Data Gathering
* KPI Calculation

Fig. 1 Main steps for RMS evaluation

Influential Factors or Indicator for Evaluation of Re-configurability Reference

Re-configurability : modularity, integrability, customization, scalability, convertibility, [41 17). [8]
diagnosability/ module cost, capacity increment, production rate, processing time, number of | [9], [2]], 2],

module / identification of Component & interface [28]/18]/[21]
Adaptability : part family, and system, machine, control features, and intelligence 3]
Suitability : NPV of life cycle costs, structural complexity, responsiveness performance [14], 2]
Smoothness : reconfiguration smoothness metric

Flexibility : synergy & flexibility of product, Performance consistency / Variety : multi Criteria [17) /11
Production Performance @ production rate , yields, inventory [26]
Variety : product commonality , process readiness / Production cost, sales quantity [29]/ [30]

Capability : performance indicator & situation-based adaptation & validation of capability [31]

Design Justification : responsiveness, change over cost, quality, inventory, operation skill [19, 20]

Verification & Validation : reduced cost & fast product changeover [10]

Transit Cost and Cycle time : throughput & processing utilization, cycle time , transport cost/ | [24] / [27]
busy time ratio over total production time

Agility and Sustainability : path time, routing cost number of product, affinity, moving time & cost | [33]

Resource & Lead time : minimum resource & lead time, by axiomatic, gain [25]
Structural and Economic KPI : number of comp: faf all reconfi costs [32)
Cost & KPI : cost of ownership, equipment efficiency [23]
Cost Effective Factors : positioning time, cycle time, throughputs in production, cost [34]

Fig. 2 Factor and indicators for reconfigurability evaluation
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Fig. 3 DSM architecture for reconfiguration
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| (8. Type of Relation)

2.1D of 3.Type of
Reconfiguration Reconfiguration

1.0bject 1D
(Event/BOM/Time/Site)

4. Name & Specification of Component (Assembly)
5. Description of Reconfiguration

6. Number of Component

7. Cost of Component(Unit per Mfg. or Purchase)

K1-E26-B011 24c 1-A31 Add, Change,

Replace Upgrade,

Upper Gripper
Adaptation for New Product
6 Grip per jaw, 125$ per each

contacts

couple cable
K1-E36- | 2-131 Upgrade K1-B26- 3-B31 | Change, K3-E26- 4-32 Change
B01124 C02301A Replace D033cc
<
Side Gripper Upper Gripper
Upper Gripper Adaptation for New Product Adaptation for New Product
Adaptation for New Product 4 Grip per jaw, 125§ per each 8Grip per jaw, 125§ per each

6 Grip per jaw, 1255 per each T T O PEr W, IZSS PETERN

Fig. 7 Reconfiguration event information
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Fig. 8 Module composition by drag & drop
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Fig. 9 Cost calculation structure for reconfiguration

SRS SIet 2 Bope] Zlo 54 oMEU 0k
8 |=dlolA gt

"éox—*‘ Z—i%“é%‘ﬂ*a A3l AAE HAA KPIRI RMS A3
H|-§- 4hE72 Fig. 90A41€} o] A4 o|HIES} a4
H DBoA A7, e, Am, MA Bl 5 =EE AR
= xo|m FAATEE] Ffol| ot A7H nlgom R A
2 v R ot

A2 KPl= A4 o[flES] oJsf of7|&= 21t
AA B2 Fin8-2 233Ic) g 717ke] ARl o]
o], =5, ﬂﬁ]/\]é‘?ﬂ W7, WA W AR, w7] 9 A7
T Gl RIS 4RSS el A A7 |bol| AlA =
T A7 HE EEfolH = Al R o] Hrkgare| wet
o UEYSLE e A ALk AR Sl
HEEQS 1|28 & A7}(Net Present Value)Z ZHAbE]o] T}
et Wz 2 o AHo] Ak T2 W A KL= o
Fo el AL So) 1Hgn] Edfolu Alpye] %
2ol wet F-85HA] AR-E 4= Utk AR S8l Bl-8ARE
Al&ag] o) HEatSo] REEA]l et AAl= ol 7|29 HlE
3|A A 2dlolu SHE-A7E AARTe] AA 7L a5t

KPI 7} Zmie AR o & Algo] 4J=E Figs. 5¢} 62] KPI
Ldle] 9l Z2A 20 Poolof| A EefolHE Foff AE] 9 s

= HIAYUSH, Fig. 99] B84k wIAUS, Fig. 102} 22 37}
HAYZH 2 T o8 Qo AT

[

o o N o

JPH
S,
T

ATA B 18 AR, 719 A g geEE T 9 4
AH KPISS Ae 2gspALt a5 AE 712 2 vl

S ukdsio] el ¥ Aut 2 )RS At 2 KPE= Fig. 6
o] KPI =&foluio] 2J3) EEEJL ;A AR 9 7|20 23]
ARzE, A2 KPIQl HI-8-2 Fig. 99] A 27]ute] wh2 H]
S4tE ZTRTIPT} gofE o] ARRE AREHCE HEE AR
% 7152 Fig 29] A4 Bk @ ARE] AR 91T &
A EZ2aoz FAHC)

> b
N



184 / February 2018

ZYLSSEX| M 3B HE M2F

o

Factors & Indicator Calculation Alternatives (A) &
g Indicators(Fl) (Criteria & Weight Scale) Choice(C)
1.Re-configurability * Degree of Conformity Ex Example:

1) Modularity + for ratio or number of

2) Integr ability components/ functions/ Criteria : |[™ oy 2 6 ['e ©
_ | 3 Customization approaches /elements as the 0~1 F)
S| 4) Scalability 6 reconfiguration functional
3| S5) Convertibility dependency Weight: 1 3 211 a
G| 6) Diagnosability * Degree of Conformity 0,12
g 2. Suitability - for production capacity, volume, 2 1|4]3]|0b
]

3. Adaptability
4. Flexibility /Variety
5. Agility /Sustainability

rate/ adapted number or
ratio of machine, interface,
connection, components,

10 S|13| 2] a

6. Capability module, assembly/ time of
7. Complexity cycle & lead, adaption, move |19 |2|20|p
8. Performance & transit/ path & routing,
9. Design Justification readiness, throughput & yield
10 validation Jinventory, resource, synergy
- 1.Cost of Ownership * Amount of PLC Cost: (Sum of Fixed & ;_f}?) a b © ©
-= | 2.Direct /Indirect Cost variable cost, Loss cost)/(Equipment Life
(E; 3.Fixed /Variable Cost x Production Rate x Yield x Utilization) 1 |50 |57 f49 | b
¢ | 4Investment amount » Direct Cost: Labor, Material, Machine 2..]146 |50 |45 b
8 S.Payback Period * Indirect: Overheads Drivers in <Fig >
w « Fixed Cost: Acquisition & Amortization 5 |39 |36 (54 | a
* Variable cost : Recurring Cost s |37 225|250 | ¢

By Economic KPI ‘5,
Select alternative ‘a’

Final Decision(Structural KPI + Economic KPI+ Preference)

Fig. 10 Formal format for KPI evaluation

Fig. 10014 37kas 8 2% (F)= 52 54 AdEo] 7k
sith. Fi 959 AFARE 8= A H=(Degree of
Conformity)& Yetl= et 8452 ofugict. 71 Fo o
o Y = z2gto] o) A HPE st 5F AldEE
oLt AR Al27|FETe] AL 7]Ee] FAsAY vl
ok A9 ARt A& Ao R Aqhy of i ko] of e,
w732t 7199 AlRe e S, AaHd Aol et
AT Ao F7pIzol obd = k. wheba] 24 AgAdof R
F7ke NE7199 RMS =527 w2t sig7] o) s
gt o] High 9 24 A=E Aol 7]Eo R §)
o Alzgrgel 7hiAde] mhE Ae7lEn ARt A 3
AT HFS WskEs A Fig. 109] 7 95 3 9
SAE HiRhA) B F 8 AR 84x0] At M s vEh,
g 7N 2 F 8 i HAIE(C) Tl =91, A 2 Ha9A
@) =91, Z2 AT S B9l 2A ditke sk WrUs
= UERGh = 5 e =9 A 7 WA gk bA)E A=kl
Fi 'l oM El(C) vl &912e dijt o AgRith. oleh 2
= A F7E SR A k] A e, = 9 A
2 KPIef| Higt 7 9l =3t Fi Aga) 3, & 7Rk o o
S T AP A= 7Y UEBeRE Bk 4 s
SAAE AAl el deEloles AAshaL, 44 RMS
7PIIEE ARl S ZFA17F Qe

ZF2Q ik} A7 ofHlES] Afe]eof s KPI
d 7150 7 A Aol 7hssthal A SEeht et 2
F7H A= UllA AEAgor #j2eo] Abg Alhlees
S}, olef g FER 2 Ao Ajgd Hf- F7F Aot
7|13kl it A Ay AR 9 FAYRE sk it
FF FAL ot BAR7IZE v, ek A ROt
AlEdoldE 9 B A5 71 AR A A2

=N

=

Reconfiguration Manager/Interface
Manager (RCM) Simulator
S—
Ll Process DB
Module Manager BOR DB
(RMM) COST DB

Cost Manager H Object Library I
Object messaging Protocol I
Local Server
| i ion Line(RRL) consisted of b d AM) |

RAM

Eliye
1 j’:

=

RAM RAM RAM
sy g | e
= | g
I

I '
L]

wil;L

W T

Fig. 11 Application process of project
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Fig. 12 Reconfiguration process of RAM, RRL, inspection line
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Scenario A ScenarioB (....N)
Selectable Cost & KPI & TCO vy = o= i . vy
Performance KPI
Good Units(GU): EL"TR*Y*U 700 800 1200 800 1000 1500
Equipment Life(EL)
Through Rate(TR)
Yield(Y), Utilization(U)
1| Utilization(U)): A"E*Q 55% 65% 80% 60% 75% 80%
Availability(a), Efficiency(E)
Quality(Q)
Cost KPI
Fixed Cost(FC) 11000 12000 15000 11000 | 12000 | 12500
Variable Cost(VC) 2000 2100 2250 1900 2000 2200
Yield Loss Cost(YC) 1000 900 900 1000 1000 1200
Total Cost(TCO) : FC+VC+YC 14000 15000 18150 13900 | 15000 | 15900
Cost/Unit: TCO/GU 20 1875 1513 17.38 150 106
Structural KPI
Total No. of Components(TN) 30 27 25 35 33 37
Num. of Adaptation(NA) 6 9 15 6 8 12
Num. of Connection(NC) 5 10 18 8 12 16
Range: NA/TN 20% 10% 20% 17.1% | 24.2% | 324%
Density: NC/NA 0.83 111 12 133 15 13
Economic KPI
2| Assigned Indirect Cost(AIC) 8 10 1 11 12 14
Downtime Cost(DTC) 7 6 5 8 8 9
Direct Cost(DC): L+ MR+MC 14 16 17 15 15 15
Labor(L) 14 16 17 15 15 15
Material(MR) 84 9.6 10.2 9.0 9.0 9.0
Machine (MC) 42 48 51 45 45 45
Total Cost(TCO) : AIC+DC 22 26 28 25 27 29
Total Cost(TCO) : DTC+DC 21 22 22 23 23 24

Fig. 13 Calculation results for KPI evaluation
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