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Automatic Designing System for Piping and Instruments Arrangement including Branches of Pipes: Multi-objective Optimization of Piping

Material Costs and Valve Operability

by Hajime Kimura, Member

Summary

Automatic designing of piping layout is challenging since it is composed of several numerical and/or combinational optimization
problems, e.g., routing problems of pipes including branches, and arrangement problems of equipments. This paper presents a new
approach based on a simple idea that the branches of pipes are considered to be a variety of equipment. Accordingly, the pipe
routing problems are fairly simplified by removing the branches, and it derives a lot of efficient algorithms to solve the pipe
arrangement problems. One is a multi-objective genetic algorithm (MOGA) in which the gene represents both the locations of the
equipments and the arrangement of the pipes. And a new simple and efficient crossover operation which appropriately merges two
different piping layouts (but of course the PID is the same) is proposed. In order to provide a fairly good initial population for the
MOGA, a new heuristics making use of self-organization techniques to arrange equipments is proposed. The efficiency of the
proposed approach is demonstrated through two experiments, one is a designing problem including five valves, one pump, and five
branches, and the other includes seven valves, one pump, and six branches. The objective of the optimization in the experiments is
to minimize the length of the pipes, the number of elbows, and the valve operability cost. The algorithms are programmed using
Java language. Although the automatic arrangement system used in the experiments is academic, the concept of the proposed

approach will be accepted in practical systems.
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Fig.1 A sample of crossover operation

Fig.l {22 XAV — a v OFERT, FERiT, A
MBSV T 1T ERLT 2 REINT 3 22 Tk E HB 2
5T 1 &2 %2k TVD, XS TIonTidzh e
OB BB & HEN TR STV D 3 TR %
FIERE D, BUIAL TV D EBFIT- DV TIX Fig.l DA TR
ENTVBHHO L IITH L BIEET,

ARPETIE, WENERL— T ~HBD 2 &2 ERET 5720,
FEA C DAERFFIC  HERRRLE O LFR DRV B L 4 500 [B] F
TiI A T D5 EE LA 100 FlfTo THEITAREMEZ S5
NARWE IR R E L CHEERORIN SOV E L%
THo5bDELTN5S,

3.1.3 BRERARL—Va Y

AFFETIE, T V& DR E 1 OB, 2 OO E
FEAZIZ 6 L CDORERE R AN L — a VEEHSE S, &

T BN EDYE . T X BIRALEASOBZR OB B IR D
PlbE b5 2 &N D TTOMRE DT & 2 G S
~ 50%DIEZRTT X LIBE), 2D OfER TR &
BEfGE e O 2R & O 28 L TV 2 3 TR EEIZA
HAUE~BENT S, £lo, ZOERERA L —va U EE
M ST T, Z DR LR e D 2R L DR RS
RMNITe D KO BB AT 5, b Uildr & BB L UL
AL S ETRER, A TN T LT a3, e
T UH K DOBRSLEN G FHESCD BT,
3.2 GA OMHIBESDERL

G ATIL, A CHB L72ARX - SHRER AN L — 3 v
W TR 2008 LT DS, B B EIT R BE R
(BFEfR ClE72\u) MR IGEAR 2 A2k L TR R T HIEZR S
RN R AT MBS DR EED—D>Toh 5/ L T
EPEa A FO/NESWEEERT D 2 — U AT ¢ 7 A3HF
FELZR\N b, 2RSS L TIR T o & DTl & k95
UMW R 2 b /NS W AR D 7RI OV T
IZBLTFIZEAT 28 2 — U X7 ¢ 7 A K HHEERBLETEN
A% TH D, LUF RFIETHH LTS 2 BEHO YR A
RRIEZ T 5,
3.2.1 BRMDOT U FLER
ETRTORIROEITA | BT - /LR ARG SRS D
DT UHLIRY, LT X LIRS, T L R L
BEED & 5\ VISR FE LS T L T DA AT D
TEHET X LIRE LET, R COMRPRETE 25,
BRI 2B ETO/ S TE LR 3 [HELT O BAL R
TS, D& & MO/ A T LWL TNDH S
TOIH b TFHL TV DETDOL /A T DM ALE
LTWABBOMNEL T 4 LIEE LE L THHERE
TORA T HT)VAR 3 ELLT OB 7R R CRE S D
RN ET, ZOWIRE 2 TOREER/ A TREWIC T L
K725 ETHY KT, Fig2 ICAFE TR L7 HERRLE X
DB % =T,

(a) Example 1 (b) Example 2
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Fig.3 A basic concept of the self-organization arrangement
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Fig.4 An example of the self-organization operation
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Fig.5 Recursive Fill algorithm to find accessible space
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Fig. 8 Piping and instrument diagram (PID) of 7 valves
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Fig.9  An obtained solution in the problem of 5-valves
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T2 DI A T BN D03, ZOBMEND AT
TVR SMEHEL R TR S D, DT, LFED & D e
723 THIEE L OBKIZB W TR MR IR O
WMIDTEAE LT2 0 BEER R LN 3 TV A58 1331 7%
FERERTERNE WS BER D S5, 2T, MICEEDM
HFIET B8Rt % L R O EE O HIF 8 L THEZEIZ L
BT RA R TAS TEBI Ted RBHERIETHLH A
AN FEEFAT2H LOFHEPIcon TRt th 5,
5.2 BELHEBEHECRTOER

K AT LA THNTW DL EREIRHT V2 ) XA T,
BEREFPICSNTIREMOEE, TR OB UREIEDOE
BT L TR0, R AN R UAZ 72 2 et O (FAE 17T
KLTWD, DY, Figl0~11 TR L7= L 9 I[CFHHE L
EN D BTV T DT 7R E RN R DGR EREE R
SNz, REHHIG T, REFEOFN A PRI EE cRE
BRWGEND 5T EORE LR A RERTT DV AT
AFLVERHNTHL EEZBND,
5.3 HiR—FEERBLI/A TORBRBICONT
RUAT LTI AFEB @K L U 2 kA B
EOEEGE L TTOIERTDILITLED ., 2 2O OE
& % A LS T ORE b)EREL T b, Ll 2L
T FITFALEICOW TR, TEEENRE - BIEFTRETH 2
TEMIARE L TGHESN T AR BELLT A SR
FHENZT2 5> TWANE I MITBE SN TRV E WS RE
MWD, Tt EEEROBKERZ R Lo & HElo
HAAZEHAT D LD MEEEMRELOTVE I~
SN TOBRBEFE LD YR — FEHRE LOTVEEAN

SEERONA TORBELZFHET D ENARETH D, LL,

ZO XD R EHREE N TOEGFEROES L LTARI R
TFLANETEZD LD L Wla—PREIEFOAHL Y
MRAZRY, £ 2T, BERWSSRIIR W AE R 72 & LR B B 72
ZEM iR A BEML L. ZNLSND A 7Ty 7 EDFHIBD
e =Y EBNIAT O KO RV AT AT RENE D
W EDRRAEET D,

5.4 XML IZ& B —ILEDER

R AT LTI, 34 HTHMA L2 L9 TF#OATEA
PREFEOHSIEK & LT XML (extensive markup language)
T ANEHAL BRSO 5 5 LB ONTORIK A i
FROBIFRO—H & LT XML OFLRIC X o CTRHLICH R
TEDHLRIHCRo T D, FlpnRO@ER & L THERAT 558

WA 7Ty 7 BARE LTI O R £ B FERIZ XML
IR THBIZHERTE S, 2L, AT LDY —Ra—
REZEHEET 2 2 & 72 < HigrfEHEZR NV — L & XMLIC &
> THRT BRI AT DEEDOAREMEZ R LTV 5,
B IZB 2 & DIC— e 3RS LT Bl 213
TNESDOWAEE BN L > THT 720 [72F 0 | #ES RN
7o O BT HEAOEE IR 2 HlHS0, RO LI
FLRNE WS b—L  ETBGEEZRINT 57 ¥
VTFr 4 R8O XU RERTHREICT 57
EDHG - — NI ERFT BN D, FER L — VR
RFHEET OEFITHHL L TV 7o Izl 2B Ol
OFHEH Z XML TRIE L TV AT ANERT5 2 2N
FLV, 20X N — o EHEHE DL HIT LT
XML TEHTRE DOV IS HORETH 5,

6. #E
ATl BB R EHEEO BB~ T, LT ORE
AT o7, T RERFEZ I O OB 1 T O
BRI & o 7RSO (DA G Te) ORERIED
BEME S VD Bl e X ~ER b Lz, Wiz, ZoME%
fE oD FEE LCEZERNERHT V) XAE2HA L,
2ODPE IR DFRFENS  FNL ORKEAE AT DT D%
HBREERTHTOOH LA X AR —va VEREL
T BRI T VT Y X ATHERT 5 72 OB IR A A
T 572D HEE LTH OB LB SRR BEE A IR E LT,
TERAVIIEEETE > 72 SV T EAEMEFEAT 2 DWW CREAE D ik
EWR L BINCES A 0 ) —%2EBET D5 HEERE LT,
AL LIz T 2 R R v 7L — A ORLE R FHRTE A~ AR F ik
AL, BEREEE IO TREE LT, LY RETgC
VT < CAD L, hoa—YHFICLVERELE
RA VT T AR AT AOEBROTH, XML %7EH
TBHHEICONWTEREIT T2,

£} i3
AR EED DITHTD =X« f — « T—RIFOREAR
2B NCKILEE L D ELERRFHC O W TOEERZRB LW
AR EVWEREEE L, ZIICESHILRL BT ET,
F o RBFFRIT B AR B2 B 70 B A B < SR AT I
(B) FR#EE 5 23360388 L W —¥# i &3 7,
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o] &%
ARIL3AEITEBNTY AT AN AN TV DR 0B

RPHITHRO XML I L 2 RBUZOV T, T 53 (T-000) &
BNZZET B,

<I--T-branch 0-->

<Equipment pid="T-000">
<Specification>T-branch-000_0.15-0.15-0.15</Specification>
<EquipmentType>T-branch</EquipmentType>

<Connector number ="0">

<Diameter>0.15</Diameter>
<DestinationEquipmentType>PipelnOutPoint</DestinationEquipmentType>
<DestinationEquipmentID>PipelnOutPoint-000< /DestinationEquipmentID>
</Connector>

<Connector number ="1">

<Diameter>0.15</Diameter>
<DestinationEquipmentType>T-branch</DestinationEquipmentType>
<DestinationEquipmentID>T-004</DestinationEquipmentID>
</Connector>

<Connector number ="2"> <l #% —>

<Diameter>0.15</Diameter>
<DestinationEquipmentType>Valve</DestinationEquipmentType>
<DestinationEquipmentID>Valve-001</DestinationEquipmentID>
</Connector>

<I~T-branch DR BRIEEL AR E LU B RARRKDHE-->
&T-branchGeometry0.15-0.15-0.15;
</Equipment>

L B8 PID %3 XML H D431 T-000 DA &l L7z b
DN, OO RMAFEERIZOWTIE, BIZ7 AL
T-branchGeometry0.15-0.15-0.15.xml (ZFER STV 5, %
farffa & UCid, o OEEZFA L Lm0 K E
IRF A T L OBEGEAZ & FN R ENTW5D, LLTFO
1§Jilo@§@/\°5’ Y OHARTH, EEEITITERE TR

BEDNE = 2 THNET L P ZIXZDTH ﬁ@iﬂé\
RENZHIFIDN T X 24 RE — U FIFTHMLERH D L,
DN FIZT M ENI KRR 47— b D,

<I--T-branchGeometry0.15-0.15-0.15.xml->
<RelativeEquipmentGeometry>
<BoundingBox>

<x_min> -0.15 </x_min> <x_max> 0.15 </x_max>
<y_min> -0.15 </y_min> <y max> 0.15 </y max>
<z_min> -0.15 </z_min> <zmax> 0.15 </z_max>
</BoundingBox>

<PipeConnectingPoint>

<ConnectorNumber> 0 </ConnectorNumber>
<Coordinate>

<x_coordinate> -0.15 </x_coordinate>
<y_coordinate> 0.0 </y_coordinate>
<z_coordinate> 0.0 </z_coordinate>
</Coordinate>

<Direction>

<x_axis> -1.0 </x_axis>

<y axis> 0.0 </y_ axis>

<z_axis> 0.0 </z_axis>

</Direction>

</PipeConnectingPoint>
<PipeConnectingPoint>

<ConnectorNumber> 1 </ConnectorNumber>
<Coordinate>

<x_coordinate> 0.15 </x_coordinate>
<y_coordinate> 0.0 </y_coordinate>
<z_coordinate> 0.0 </z_coordinate>
</Coordinate>

<Direction>

<x_axis> 1.0 </x_axis>

<y axis> 0.0 </y_axis>

<z_axis> 0.0 </z_axis>

</Direction>

</PipeConnectingPoint>
<PipeConnectingPoint>

<ConnectorNumber> 2 </ConnectorNumber>
<Coordinate>

<x_coordinate> 0.0 </x_coordinate>
<y_coordinate> 0.15 </y_coordinate>
<z_coordinate> 0.0 </z_coordinate>
</Coordinate>

<Direction>

<x_axis> 0.0 </x_axis>

<y axis> 1.0 </y_axis>

<z_axis> 0.0 </z_axis>

</Direction>

</PipeConnectingPoint>

<CenterCoordinate>

<x_coordinate> 0.0 </x_coordinate>
<y_coordinate> 0.0 </y_coordinate>
<z_coordinate> 0.0 </z_coordinate>
</CenterCoordinate>

<HandleDirection>

<x_axis> 0.0 </x_axis>

<y axis> 0.0 </y_axis>

<z_axis> 0.0 </z_axis>
</HandleDirection>
</RelativeEquipmentGeometry>



