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Hydraulic Circuit Synthesis based on Functional Structure
(2nd Report: Symbol-Based Logic Simulator and Computer Implementation)

Kikuo FUJITA, Shinsuke AKAGI, Makoto SASAKI and Akihiro UEHIRA

An adaptive synthesis method for hydraulic circuits is proposed using a case-based reasoning technique
based on their functional structure. In the first report, we proposed the adaptive synthesis method itself and the
strategies used in it. In this report, we present a verification method of the circuits generated by the adaptive
synthesis method, computer implementation using an object-oriented programming language, and graphical
interface drawing of schematic structures of circuits. Since design verification in the conceptual steps of the
design process cannot utilize specified attributes of system elements of designs, we verify the structures of
circuits and kinds of components through a symbol-based constraint propagation mechanism. These synthesis
and simulation methods are applied to some design problems in order to show their effectiveness and validity.

Key Words. Design Engineering, Hydraulic Circuits, Conceptual Design, Logical Simulation, Constraint

Propagation, Object-Orientation, Artificial Intelligence
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Fig. 1 A cycle chart and a label description
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Fig. 2 Outline of adaptive circuit synthesis from

design cases
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Fig. 3 Constraint network on circuit behavior

3 0000000000000 O000d

goobobboogoobbboooooooooo
gobooboobooboooooboooboooo
gooboooooobbbobooooooboobooooo
goooooooobbbobooooobobbobooo
oboboooboobobooooon

31 0ooooooood gooobooo
gobooooooboboobooooobobbobooo
gooboooooobobbooboobboboogoo
goobobbooooboobbooooobobooo
gbooooboobooboboobobboobobo
goboboooobobobbbobooooobobooooo
goobboooobobobbboboooooooobobobobo
goobobboooobboboooobobobbooo
goobobboooboboobooooobobbobooo
goobobboooooobboooobbobooo
goobobbobooooobboooobbobooogoo
goobobboooooobbooobobobobooo
00o®eoooo00o0o0o0ooo0ooooooooan
goobobooooobbbooboobbbooaoo
goobooboooobobobooobobbbooooo
gobobooobooboobobooboobobo
0000000000 3oUoooooooooo
O000oU00ooU0oooUoOoooooo“oooog
ooO0"o00o0ooooooo

gdbbooobuooobbouobboobboo
gobooobboooboooboobobuoboboo
CONSTRAINTS) OO OUOODOOOOOOOOODOOO
gdbbbdooooouoobboooobboboboboo
gdbobboodoooobbbooooobobboboboo
gdogobobbbdooobbobbuooouobboboo
gogbooobboooooobboooobbbobboo
gdbbobodoobbooooouoboboboboboboboo
gdbobboodoooobbbooooobobboboboo
gg

gbbodbboooobbboobuoouobobooo
gdbbboooouotbbbooooouoouobobooboo
gooooood

32 000oOOooooood goooood
0o0o0o0ooooooooooooooooooboo
0o0o0o0ooobooDooooobooooooo
0fd00o0o0oboobooooDoooooooooa
00o0DOo0oDo0oobooboooooooooooa
0o0o0oo0ooooboobboooooooooo
0o0o0o0ooobooDooooobooooooo
0o0oDoooooooooooooobooooa
000000000000000O00000 (constant
symbo 0000000000 (variable symbgD OO
ooobooooobooo

33 0oooooooao obooooooaa
00000000000 ooooooooooooo
odo0oooooooooooooobooooa
000000000000 oooooooobooo
00000 o0Ooobooboooooooooaoa
0o0o0o0o00oooooooobbooooooooo
0o0o0o0o00oooooboooooooooooooo
00o0DOo0oDo0oobooboooooooooooa
0o0o0o0oo0oooooooooooooooooo
0000000000000000O0O000 (external
constraimi0 0 000000000000 OOOOO

0000 3v0oooooouoooooooooon
gobobodooboobooobuobbbbobobo
gdbbboooouobboooouobboooboo
gdodobbodboooobbbuooouobobooboo
gdbbbdooooouobobboooobbbobboo
gobbobooooobbobuoobuouoboboboo
gobobbooooouobbobbobbuooouoboboboo
gdbbbdodoooouoobboobuoooooboboboo
ggbboobobobboooobboooobbboooo
godbobbooodoooobbbooooobobbboboo
gooboooobood



00000000000000000000000 (0 20) 386

34 0O00OUOOOOOOOO ggooooboboo
goobobooooobbboobobobbboooo
0000000000000 000 KirchhoffoOODO
gbooboooooboboooboooobobo
gboboooooobobboonObbbObOOO0OO0O0O
0000000000000 000000oooo
00 QUUU0000ODO0O0DoDoDUOoUoooooO
goon

30 -0 @

O0000000000000 ROOODOOOOOO
gooboobboooooobbooobobbobooo
opoooooooo

PL=P=-- =P, 2)

0o0o0o0oooooooooobbooooooooo
0doo0oooobobooooobooooooa

35 0Ooood gooooooooood
0o0o0ooooo00oooobooooooooooo
0o0o0oo0ooooobobbooooooooooa
000000000000 0000 PgtDOODOODO
0o0o0o0ooooooooobooooooooooa
0o0o0o0o0ooooooobobooooooboooo
O0000000000000 PO ODOOOOODO
goooog

000 POOOOOO(DO)0DOOOOOOOO
0o0o0o0oooooooooooooooooooo
0o0o0o0o0oooooooboboooooooooo
000000 PO OODOD0OODODOODODOOODODODO
0000000000000 000000000 Pget
0o0o0o0o0ooooooooooooooooooo
0000000000 PetDOODODOOOOOOODO
0000030000 0ooooooooooon
0000000000 (artificial constrain)0 00 O
0o0o0ooooooooooooooooooobooo
0odooobooooooobooooooooooo
goooog

godoudobboooouobobbuoouobobbooboo
O0o0ooooooooo3poooooooogon
gobbbodooobbboobooooouobobooboo
gobbbdooooooobboooobbboboboo
gobobbooooouobbobobobboooouoboboboo
goobbooooobbooo

?

< Find an equation

including only one

> not found

variable Find not
Ind equa- found
i { found tions including
Determine the value variables

of the variable by
solving the equation

Circuit is
proper.

Select an equa-
tion with the
minimum num-
ber of included

Substitute the value
into the other equa-
tions and inequalities

g with the variable | varlablef

L ] -

B/ Find unchecked gggvi;he :ﬂggltz;on

e/ equations and utavari
inequalities without v
variables Eliminate the variable
| found from other equations
and inequalities

Check if the equa-
tions and inequalities substituting the

are satisfied solution into them

not satisfied
Circuit isn't proper,

Fig. 4 Algorithm for solving constraints

including it by

T

satisfied F

oooooobooboooo

Pn > Pout, Pn = Pset
Qin > 0, Qout < O (3
Qin +Qout =0

oooooobooboooo

Pn < Pset } 4)

Qin = Qout =0

0000 PO QOODOODOOODOOOODOOOOOO
O0inOoutD0O0O0OO0OO0O0OODDOOOOOOOOOO
goobobooobboooooboobboboogoo
oooooooo

36 D0O0OOOOoOoOO gobooooooboo
goobobobobbboooboooooboooooo
0000000oooOo“ooooooooooooo
000000 4000000000000000000
gobbooooooooobbooobbooogoo
gooboobboooooobbooobobbobooo
goobobbbooooboooooboobbboooo
goobooooobbooooobbbonoooo
gbobooboobooobobobooboobobo
gooboooooobooooooboobobbbooooo
goobobbboooobbboooooobbooo
goobObobooooboooboobbbooooo
gbobobooooooobbbooooobbooooo



00000000000000000000000 (0 20) 387

Hydraulic Circuit Synthesis System

| Specifications (Cycle chart) | @

Case-2 o ® hd
Se-.

Case-1
2) Case-n
Cycle chart-1
- Cycle chart-n
Circuit-1 -
Circuit-n

Circuit synthesis module

w
Circuit decomposer Knowledge base
succeded failed
Adaptation Strategies
Case divider Refinement Patterns

L3

.
Circuit combinator ~ &

Graphical Interfaces

Schematic diagram
of hydraulic circuit
| Circuit simulator | | combination process |
| Decomposition process |
| Design result (Cycle chart & Circuit) | o

Fig. 5 Architecture of the design system
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Fig. 10 Example — Synthesis by decomposition
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