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Bussiness manager == Material flow

-
I:I System resource => Information flow
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O 2.3: Ford style manufacturing system
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(a) Holon and holarchy of organism
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(b) Holon and holarchy of army

0 2.7: Holon and holarchy (A. Koestler)M)®)
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0 2.8: Structure of holonic manufacturing system proposed
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Market

Cooperation-domain
in which Customer and Enterprise negotiate

Customer | Enterprise

Factory f ®
D[ <>

Division
Manufacturing mz;e:a;mem
Division anag
Division

O

Design
Division

) [

Material Design
Management]|| Division
Division
Process ) Assembly
Planning || Scheduling © b o
Division [[Division -
Machine || Robot
Tool
Machining Cell

0 2.9: Example of hierarchy of manufacturing system
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0 2.11: holarchy
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D &

(a) Holon including non-holons

& S

(b)Non-holon composed of holons

0 2.12: Relationship between holon and non-holon
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Specification - Roughness
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Knowledge \ Information acquisition i Modification Command
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(RSN S, d|splacement ............................................. I O,
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D I
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0 3.1: Logical structure of machine tool
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O 3.2: Fundamental information flow
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Turning machine

0 3.3: Allocation of EWS and CNC lathe
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0 3.4: Logical structure of CNC lathe

gboooboooboooobobooboboobobooboobouooboboobobobbobon
oobooboooooboooboooooboboboboobooooboooobobDobobOobDOoon
00000000o0000o00o0o0O0U00O0O0U000O0 (DOO)0D00DooO0oUooOoUOoOO
gbobooboobooboooo

033000000 CNCOOOOCeNCODOUODOOOODOOUODOODOOOODbDOOD
0000000000 CNCOOO000000D00D0D0D0000oooooo® 20

U20QpUooo0000o0oo0oOoooooooo



28 ug3d bOooobooooboooboo

ooboobooobobobooooboobooboooooooboobooboboboboboooboo
gbooboobooobooboooobgoboobobooobobooboboobOobooboon
gboooboobooobooboooobobooboboobooboooboboobobobbobon
gboboboboboboboobobooboboooboooooooo

U340000000000DO0000DbO0OOO0OO0ODbOOODOObOO0bOOODOObO0ODo
gboboobooogoogobobobooooooooboboboboooboobobobobooon
oooobooboobooobooooobbooooboobobooboooooooobooobooobooobo
gboobooobooboobooboooobobooboobooboooboboobobobbobon
gooobooobooobooobooobobobooobooboooboobooboboooboooboobo
oooboboboboobobobo

gbooooboobooboobgoooobooboooboobooboobooboobooboDbo
gogboobooobooobooboooboobooboobooboobooboobooboooboooo
oogoo

3.3 UUbuobouooouooonbd

gbooooboobooboobgoooboobooboooboboobooboooboOobooboDo
gboobobobobo1l1oogbobgoboobooboobobobobobobobOobob

goooobooobobooooobooooooobooboobooboboobboobbooboong
goobooobobooooboobooogoboooboooooboboobobooboboobooooobo
goooboooboboobooooboobobooboooobooboboobobooboboobo
oobooboooooboooboooobobobbooboooobobooobobDobobobDon
goooboobooogoooooooboooboooooboobboboobobooboobooboobo
gooobooobobooooboooobogooboobooooboobobooboobooboobo
goobooboobogoboobobooooobooboobooobooobbooboobboobOooDobo
0000000o0o0o0oU0oo0Ojoo00o000000o0D0O0DL0O0OOOoUoOoOOUoOO
gboobooooobooobogoboboboboboooooboboboboboboobobobooon

goooboobooooooobooooooobobooboobooboobbooooboobooboo
00000000000 00o0U0o0o0oUoO0o0ooooUoooooo 28O

3.3.1 AE00U000O00DOOO0OO

AE(Acoustic Emission) 0 000000000000 000O0O0O0O0OOOOOOOOOOOOO
00 (chipping) 00 0000000000000 O0O0O0O0O0OOOOOOOOOODOOOOOO
oobooboobooobooboOo0nb 10kHz OO0 IMHzODOODOODODOODODOODOODO
gbooobooooooboboobobooboboboboboobooooDoooboboboboon
gbooboobooboooboooobgboooobooboobooboobobobbobon
O0DEOOOUOOOODOOOUOOUODO0OOOOD 4]-(B)J0 DOODUDODODODOOOOOO
obooboooooboobooboobooboooboobooboboobobooobobOobbOoDbDOon
O00ODEOOOOOOUOO0OOOUO0OU AED0OODOODOOOO0OOOO (140000
O00OAE0OOUOOODOOOOO0OOOUO0OOOUOODOOOODOOOO ) 00000 UoO



33. DO0OoOooOoooboooooa 29

00000000 oO0o000O0oo0oO0oOo0oO0ooOOo0ooooOoO ej00Do0oooooOoo
Ooo0OO0OO0 AE0O0OOODOOOCOCOOOOOCOCOOOOOO0AEODOOOOOOODODODODO
0000000000 (00000000 0)000000D0O00D00O00DU0O0O0UD AEQO
oooooboooobooboobooobobobooboobobooobooboooobOobobDOobo
gboboboboboobooobooooooooooooooon
g3sgooogooobooboooobboboobooboobobooobobooobooono
ooooboooobboobooooboooobooobooobooooboboobOoboDoobo
gooobobboboooboobooboobossbgbobooooobobooboboon
gooobooobooboooboobooobooooboobooooboobbooboobo
oobobobooboboobobooboboboboboboboboboboobo

Maximum depth of
Crator wear

=

[e]

o+

o

>
~_

| _TiN
Malti layer

composed of alumina
Mean flank wear

(Main Cutting Edge) o
Titanium compound

Mean flank wear
(Minor Cutting Edge)
Carbide matrix

0O 3.5: Tool wear O 3.6: Structure of coated Tool

goboooooboooooooboobooboobooboooooobobooobooboo
goboooooobooogoobobobobooooooooboobooboboboobobobooon
g3eloiooooboooooooooooooooonbonoon

gOo0COCOOCOCOOC00O0O00000U00UOO00UUUUODUUAEODODODODOOOOOOgQ
coooOoOoOOOO000O0OO0 AEODDDODDOODDOODOOOOOOOOOOOO0OO0O00O0
goooboooboooboooboobobooobooboooooboobooboooboobo
oon

00000000 AE0O0O0O0O0O0O0O00O0O00000000Doo0O00o00O000oonooooo
go0O0OC00O0O0000000o00o0oooooooDooooO0oO0 AEODDODODOODODO
gbobobobbobobooboboobobooboboobooboobooo

3.3.2 UO00OOoOoOOOOoOon

oo0O0O00OD0DOODOOO0000000 AE0000000000000000000000
ooooooooobooboooobooboobooo3roboboboobobooooboon
gooobooobooboboooboboboooogsigbooobobooooooboobooon
gbobooboobooooooo

gobooobooooooooboooobooooboooboobooboobbooboboOoo
gooobooooobooooobooboboobobobbooboobooooDb 0.5mmO0O0n
0.25mm 0000 800000000000 OO0DOOOO0O00O0O0O0O00OO0OOO0OO000



30

ug3d bOooobooooboooboo

O 3.7: Apparatus of Lathe

O 3.1: Specification of experimental equipments

oooooooooonoog

OoLSOoOoooooooooo

oooog 75 kW
ooobobO 450 mm
gboobobgn 800mm

oooooooooo

Oo0oO0oooooooooo ACloG

0000000000 TiC, TiB, (DO0DODOOOO0O),
AlLO; 0000000000 DODOOODOOOOO0DODOO0
gdd 6—8umld

ugoogn

000000 (0)00 CSBNR2525

oooobd —-6°0000O0O —=b5°

gbobe°cbODbO b°

oooog 2°00000 25°

2x 2omm 000000000000 OO00O0O0O00OO0
O00000o0ooooAEOOOOOODOOCOOOOO0
goood

aoo

00000000 (S45C)




33. DO0OoOooOoooboooooa 31

ooobooooooon

0380 AEO0O0OODDODOOOOCCOCOOOO0ODAEDODODODOOOOOOOOOOOOOO
gobobooooboooboooooobooooooboobooboboo39uboon
gOo00OCOCOOO0O0O0O0O0O0ODO0000UO0 AEODDDODOOOOODOO AECODOODODO
gbobobooboboobooobooooobooooooooooboooooooon

Ie
Tool holder

Spacer q
® AE Sesor

Sesor holder

O 3.8: tool holder

workpiece

T ]
I
:

AE sensor

pre amplifier

O 3.9: AE system

3.3.3 0DU000OO00OO0O0OO0OO0ODbOO0

ugbobooooboboooobbooobbobooooboboooboboooooooobobon
000000 7000000000000 0d0O000O00D0oOO0D0OOOoUbOoOOoOoOOO
00000018 -[20)00000000000000O0L0O0OUO0O0O0OODOOO0O O 3.10
gboobooobobooobobooboobobuoooooboobobooooboboboo



32 ug3d bOooobooooboooboo

ooboobooboobobooooooboobobbooobooobbobooboboobOoooboooDo
gooogoboobooooobobooooobooooooboobooooboooboooboobo
gooobooooboboooooboboooboboooobooobooobooboooooboooo
ooobobooooon

gbobooobooooboooobooobooboobooobooboobboooobooboooboo
googoobooooooobooooobobogbooobooobooobooboobooboooboooo
gboobobooboboooooo

gbobooooobooooboboooobobobobooboobooboboobOoDbo
goooobooboobooobooobooboooobboobooboooboobooboobo
ooobooooo

input . . L) output
\\//A\\l/A
input .v . . eoeo output

input output

input output

O 3.10: Neural network

uboboboboboboobboboboobobooboboobobooobobooooboooono
gbobobobobooboobooboooooooooooon

uoboboooobobooobobooobbooobobooboooboooooooboooobooboo
O0ODelta Rule OOOO0O0O DeltaRule OO0OO0OO0O0ODOOCOOOO0ODOOOOOOOODOOO
OO0 Generalized Delta Rule 0000000000000 OCOOOO0O0OOOOOOOOOO
oogd

0000000000000000000000000000 2z/0000000000000
ok 0000
00000000000000000000 Az)00000000000000000

OJL = h(a:]L - HJL)

000 h(z) DOOOOODOOOOOOOOOOOOOOODOOOOOOOARz OOOO 3.11
gbooboooboobgoooobooboooboboobooobobobooobob s1nnooooon



33. DO0OoOooOoooboooooa 33

05+

L1 I
-0 -8 6 4 -2 0 2 4 6 8 10

O 3.11: Processing in unit and sigmoid function

gbooooooboobobooooboboooboobobobobooboooobooboboooobo1lo
gboboogo

O 3.12: Relationship between weighted output and input

O000000000000000000000 31200000000 10000000000
DDODJDDDDDDDDD1%4DDDDDDDDD
ooooo

ooob L-1000000 000 LOoooogo 00000 wﬁ_IDDDDDDDDD

goboboboboobooobobobobooobobooboobobooboobooboooo



34 ug3d bOooobooooboooboo

3.4 UU0O0Ooboooooobbooood

obooboooobobooooboooboobobooobobooobooobooobooobbobDbOoo
oobooooobooboooboobooboobooboobobobobbooooobobboooDobo
gbobobobobooboboobobooobo

ooooo

Tk - Ok (31)

l\DI)—t

gooobooooooboooboobooooboooooboooobooobobooboog
O0000000000000000000000 Aw;; 00000Aw; 00000000000
gbobooboobooboooo

ooooo

OF
8’(0]'7;

0000 z; 00000000000000O0 s00000C0O000O000O0O0

iji = — (32)

OFE

000 (32)0000 0 (33)000000

oF

Awk = ——

ez 8’ij¢
oE Ozttt
_8 L+1 8w9

Ly

8 L+1 awL Z ]Z l

Jt =1
_ L+1 ok
= 070 (3.4)

oono 5JLDDDDDDDDDDD

[ jO0O000O0O0O0 jU0000000000O00OOOOOOO)]
031000000

6E 60]'
80j 83}]’
= (rj — o)) (z; — 6;)



34. DO0O0O0OO00OO0OO0OOoOOoOOoOoOoOoO

O 3.13: unit j on output layer

L+1

X1

0 3.14: unit j on hidden layer

[ jO000000O0OD jO0000000000O0O00OOOOOOO ]

OF
s =
J &UJL
OF 30%
805; 83:]@
" OF 8x£+1 3OJL

- _(; 8x£+1 80]L )8ij

— (o b ek - o)
k=1

0000000000000 Ag; 00000
0000 Ag; 00000000000 0O0O0O0O0C0O00O0O00O
ooooo

OF

35



36 ug3d bOooobooooboooboo
[ jO000000O0OD jO00000000000O00OCOOOOO ]

_9F
a6,
_9E 9o;
an 89]
= —(rj —0j)l/(z; - 0;)

= -6

Ab; =

[ jO000000O0OD jO00000000000O00OOOOOOO ]

_9F

a0k

oF 805

dok 00F

B _(i oF 8:1:%“)80}
- dzttt Dol o6k

k=1 k
n

= (O 0w (w5 - 07)
k=1
L
= —0;

L _
AGF =

3.4.1 00O

AE0D0OOOOD0OOOOO0O0OOO00O0O0O0000O00000000000000000000nO
000000000000000000000
00000000000 AEOOOOOOO 2,21, .2, ,2n-1,(1<i<n—1)0000
00O00000O000O00000

000 (mean)
1 n—1
T = — €
n =0
00 (variance)
1 n—1
o? = (z; — :E)2



34. DO0O0O0OO00OO0OO0OOoOOoOOoOoOoOoO 37

0000 (coefficient of variation)

[«
Il
SIRES

oooo

oo

obobooo2b0b0b0oboboobooooooobobobobob 3oboobobgo
obooobooooboobooooobooboboooo 3gooooboobooobooobooobo
gbooboobobobooboooobgoboobobobooobobobobobobbobon
gooo

U200000000000000D0ODOOO0OO0DOODOODOODOOOODODOOODO
oboooobooboooobboooobo0obooboobb0ObDK Pearson DO O0O0O0O0O
gcoooooooOoO0OCOOO0O0O0O0O00000DOoOoUODOoOoOOoOOoOOODAEDDODOO
gboobobobobooboboobooooboooobooooobooboooooooDo

ooobooooooon

mode — T

B =

g

oooo

oo

goboooboob4b0000000000000DOODOODO 40000000 300
gbooboobobooobooogoobooboo4b0b0oboo3obobobobobDoboooooon
gboobooboobobooboooobgobooboboboooboboobobobbobon
gbobobobobobobobob

oboobooooboooo

ubooooboboobboboobooooobobobooboobooooooboboboonobobo
gbooobooboobooboboooooooobobooooooboooboooobobobobobo
o0o0o0o0ooo0oo0o0(@o-00)0000oooo0o0obooooooooooooo
gboooboboobobooboboobobboobobbooboooboooonoooooooo
gboboboobooboobooboboboobooboobooobobooboobooboboboo
oobooboogoboboooboobooobooobooboooboobooooooboboobooooD
000 (0o-00)00000000000O0000000 (DO0-0D0)000OoOOOOOOOoO
goooogooobobobooobooooobooooboboboboobooooobobobooon
gbobobobos3sbooooo40b0bobobobobobobobon



38 ug3d bOooobooooboooboo

3.4.2 0O000O0O0OO0OOOOOOOOO

oboboooboobooobobooboooobobobooobooDoobobDooboono
OO0 AEOCOQOOOOOOODO

gbobooobobooobobgoobobooboooboboobooboooboboobonDo
Ooo00oopoooo0o0oooD 3500000000000 0000D0OD0 AECOOO 1000
316 000000000 AEODODOOOOODOOOOOOOOOOOODODO4000D000
gboboobooobooboooo

500

N
o
o

O Macimum depth of crater wear
@® Mean flank wear

N
o
S
T

©

o

T

300

T
Maximum depth pf crater wear, um
(2]
S
T

N
o
o
T

Mean flank wear, um
S
o
T

-
o
o
T

N

o
T

o
T
o

1 1
10 20 30
Cutting time, min

o

O 3.15: Examples of wear of coated tool

Cutting speed 200 m/min Depth of cut = 2.0 mm Feed rate = 0.38 mm/rev
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O 3.16: Typical examples of RMS value of measured AE signal at various stages of tool wear

Cutting speed 200 m/min Depth of cut = 2.0 mm Feed rate = 0.38 mm/rev
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0 3.17: Statistical values of AE signal plotted against cutting time.
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O 3.19: Statistical values of AE signal plotted against cutting time.
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0 3.20: Examples of wear of coated tool
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Cutting speed 200 m/min Depth of cut = 2.0 mm Feed rate = 0.38 mm/rev

0 3.2: Summary of estimated state of tool wear.

(Result of self-discrimination) The data

corresponds to the experimental results shown in Fig 3.19

sec Maximum depth || sec Maximum depth
5 15 25 35 45 of 5 15 25 35 45 of

min creator wear || min creator wear

011 1 1 1 7.0 1213 3 3 3 3 26.0

111 1 1 1 1313 3 3 3 3

2111 1 11 7.0 1413 3 3 3 3 29.0

31111 1 1 1513 3 3 3 3

4 (11 1 1 1 5.0 16 13 3 3 3 3 32.0

5111 1 1 1 1713 3 3 3 3

6 2 2 2 6.0 1813 3 3 3 3 44.0

7 2 2 1913 3 3 3

8 12 2 2 2 2 15.0 201 3 3 3 3 50.0

9122 2 2 2 2113 3 3 3 3

1012 2 2 2 2 18.0 2213 3 3 3 3 70.0

1112 2 2 2

Note: Numbers 1,2 and 3 corresponds to initial, middle and final state of tool wear respectively.
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O 3.3: Estimated state of tool wear. (Application to unknown data) The data corresponds to
the experimental results shown in Fig 3.17

sec Maximum depth || sec Maximum depth
5 15 25 35 45 of 5 15 25 35 45 of

min creator wear || min creator wear

011 1 1 1 0.0 1512 3 3 3

1111 1 1 1 63 1 1 1 3 20.0

2111 1 11 2.0 1711 3 3 3 1

311 1 1 1 18111 1 1 1 24.0

4 (11 1 1 1 3.5 1912 2 2 2 2

5111 1 1 1 20013 2 3 2 3

6 (1 1 1 1 1 5.0 21 2 2 2 2

7113 3 3 3 2212 2 2 3 2

8133 3 3 3 8.0 2313 3 3 3 34.0

9 2 2 2413 2 3 2 2

02 2 2 2 2 10.0 2513 2 2 3 2

122 2 2 2 2613 3 3 3 2

1212 2 2 2 2 11.0 2713 2 3 3

13122 2 2 2 2813 3 2 3 3 60.0

1412 3 2 10.0

Note: Numbers 1,2 and 3 corresponds to initial, middle and final state of tool wear respectively.
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O 3.21: Statistical values of AE signal plotted against cutting time.
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0 3.4: Estimated state of tool wear. (Application to unknown data) The data corresponds to
the experimental results shown in Fig 3.17

sec Maximum depth || sec Maximum depth
5 15 25 35 45 of 5 15 25 35 45 of

min creator wear ||min creator wear
0111 1 1 1 0.0 1512 3 3 3 3

111 1 11 613 1 31 3 1 20.0
2111 1 1 1 2.0 17131 13 13 1 1

3111 1 1 1 18113 1 13 1 1 24.0
4111 1 1 1 3.5 1912 2 2 2 2

511 1 1 1 1 2013 3 3 3 3

6 11 1 1 13 1 5.0 2113 3 3 3 3

71131 3 1 3 22 |2 3 3 3

8§13 3 3 3 2 8.0 2313 3 3 3 34.0

9 2 2 2 2413 3 3 3 3

1012 2 2 2 2 10.0 2513 3 3 3 3

112 2 2 2 2 26|13 3 3 3 3

1212 2 2 2 2 11.0 2713 3 3 3 3

1312 2 2 2 2 2813 3 3 3 3 60.0
1412 3 2 10.0

Note: Numbers 1,2 and 3 corresponds to initial, middle and final state of tool wear respectively.
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Size of NC status (2bytes)
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1 0,
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T 1700 7 T

[ I W I
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0 3.24: Details of information (machine tool to computer)

@ NC Program B @
——

Status Information
EWS _

Cutter Position Turning Machine
Spindle Speed

Feed rate

Sequence Number of NC Program

: Output of Sensors \\\ / 7,

Temperature

Estimation of Thermal Deformation
and
Calculation of Cutter Path to be Modified

Sensor
Modification of Cutter Path

[ ’\

0 3.25: Control schema to compensate machining error
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0 3.26: Point of temperature measurement
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0 3.5: Experimental condition
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Temperature rise, °C

Temperature rise, °C
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(c) Thermal Deformation in Z Direction at Cutting Point
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0 3.27: Examples of temperature rise measured at representative point and thermal deformation

in Z direction
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O 3.28: Comparison between estimation and experiment in Z direction
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O 3.29: Example of compensation control
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—>— conjunctive arc
—— disjunctive arc

machine
time
(a) Disjunctive graph representation (b) Gantt chart representation

O 4.1: Schedule in a shop with two machines and three products
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(a) Centralized manufacturing system
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(b) Decentralized manufacturing system

0 4.2: Structure of manufacturing system
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time
a) Initial state
machine
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b ) Modification of stating time
of the first operation by machine A
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c) Final state
(adjustments of stating time of
operations by machines)

0 4.3: Adjustment of schedule among three machines
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goto Step 2
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goto Step 5
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O 4.6: Modification of schedule caused by change of starting time of operation on machine A

and flow of messages exchanged among machines A, B and C
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O 4.7: An example of propagation of information according to conventional procedure
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0 4.8: An example of propagation of information according to improved procedure
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0 4.12: Relationship between number of products and amount of information exchanges among
machines by improved recursive propagation method
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O 4.15: Computational results of scheduling
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0 4.16: Example of scheduling managed by each machine
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O 4.18: An example of display
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0 5.6: Scheduling procedure in the hierarchical manufacturing system
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O 5.7: Information exchange among machines in a layer at the same level
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0 5.9: Flowchart of recursive propagation method for the hierarchical manufacturing system

(part 1)
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0 5.10: Flowchart of recursive propagation method for the hierarchical manufacturing system
(part 2)
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0 5.11: Flowchart of recursive propagation method for the hierarchical manufacturing system
(part 3)
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0 5.12: Flowchart of recursive propagation method for the hierarchical manufacturing system

(part 4)
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O 5.13: An example of decentralized scheduling in the hierarchical manufacturing system
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O 5.14: Schematic illustration of the hierarchical manufacturing system
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O 5.15: An example of decentralized scheduling in the hierarchical manufacturing system
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0 5.16: Summary of convergence process
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