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An Automatic Piping Algorithm Including Elbows and Bneds
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Abstract: Nowadays, the pipe arrangement has been enabled to be more efficient and economical by
development and spread of CAD(Computer-Aided Design). However, it is difficult to design a piping layout
automatically because there are many regulations and functional design rules which must be satisfied. We
propose an automatic routing method for simple pipes including elbows and bends. In a practical design of a
piping layout, there are many bends connecting straight eccentric pipes which have gaps within the pipes’
diameter. However, no precedence automatic piping algorithm has been taken into account pipelines with
such bends. The proposed method finds piping routes making use of not only elbows but the bends in order
to minimize costs of the path connecting start point to goal point, while avoiding obstacles such as
structures, equipments and the other circuits. In our approach, we regard the piping route design problem as
a routing problem in a directed and weighted graph. Note that the nodes in the proposed graph have state
variables not only locations but directions of the pipes. This graph can easily express the bends as simple
edges, and then the routing algorithm can easily handle the bends. In addition, the presented method has
specifications that the sizes of each cell, which is generated by decomposing of a free space, are not
restricted within the diameter of the pipe. The routing algorithm uses Dijkstra’s method to provide candidate
paths. The efficiency of the proposed method is demonstrated through several experiments

1 = BT o7 e —FE2ERT 5. £7, ZEHEBHUL
= LW Tr 7Fa—F%@H LW A% & L Tix
ITAREMSER T, THEERE T ORI, Beliabh wrs Z’Oﬂﬁnﬁﬁ* Fonsd., Znb
INEFMT L2 & TEEDE IMbE K-> TE T D77 m—%f TR BR DR DR R ELZIRZ 5 Z
U7 LB B HEZE IR 72 B B IR B DR BRI 21 2 EMTE DN, BHERRKE iﬂ;f% RN Eno T

AN L, REHEED BEMEICIZE > T 7ARu. MENE LS. —FHT, ZEOBE b7 7 71
ARFZETIE, BGREANE ORFHEE 2 G AT RS A —FZEA L TWARFFEE LT, Asmara & ¥, Paulo

B AT LAOHELHME LT, BERKTIco L 59 Park 5%, FHES YomiEnE o5, I
RLZEM B DI DR RafE A L7l & %GR LOT7TTa—FNE, FA v allRREDaRX NEH
HE 777 LORKRBEME~NSRETHZ LITLD ETAHZ EICLY, EEEHOREZRET > OBERS

RELEBLEOTUTHLOFRORREN ). /(7 ERET 5 LA LD R L OENR
ERRHIMIC BT DEARRTOT 0 FL  BEEALTOS, Lol HIRCOE T
PSR A o e A

i LU LA P B, B I LG, Ik, KRR

Srv SMEMETSRELE BRurs  ERERECNE. RESHERL 570

B2 E A TEBUEOREAT B A v 2T BRI LI MBICAET 5 & R D A2 SR

Wins, FHO BRI T S5 B 2

SRR BB S % 7 5 T oNB. TITRRAECH, Ay =B A7
o h e DRI LA, &0 RN FEERET 5.

T810-0305 45 I T 41 TEIF 744 ég’ﬁmﬂ@@5@77m_?kbf’ﬁ%$

(22218 2 JR TSRO I8 2 1R K A BRER DB JEIT

E-mail: y-andou@system.nams.kyushu-u.ac.jp

*)



N5, ZOX) KTy REFFENTEY,
A TN T A L CEE 2 EEOAE Tl
HZ L TIAERRETH D, N RO ATREM: 2 RIS TR
HBOHP|HAATeZ & T, Ay a2 DENSA 7D
BED BHWIGAICBIT 5% EOHH= A o
BLELG, RBSNTEREEZBENRLDIZTH
EWFREL D, L, BEfFORATHIZE Clay
R&2WH U FEIT )~ 7-. Z 2 TR TIX

RA T ORI RERFTICEETHZ LT

K0 EFBEICEN U7 BE R 0 BENV AR 2R A D .
BT, WS OO Ial—Tarw ElT
ARFEOFAMEE BREET 5.

2 BERBREREHBEDETILE
Bl B a2 1T 9 BRI ,Uwaﬁ%ﬁﬁfé
[K5L T 534 7] KRFERETIL, oz FFz
7, #0#5#%%5ifﬁ IR L2 LARD
WA THRRET D, BEAAL TG LT D
BRI E AR TS T hfEEY & 72 LT
1 RORA T OB Z M0 KT DT, REMHFIX
FAEELZ 220,
[~A T OEEAREZ T W] <A 71X, JRPETHIC A
AENDXy REGERWNT, BEHROBRFRZRO
B AT R~ E SN b D LT 5. 77,
AT 10 228 2 B BR1E IS Bk ISt L7= 90 fEoD —
NREFERAT2b0E 35, BERFHZHE VT
RSFEL TIEDORS &, k;oﬂ47ﬁﬁ%%“
Bl O# A b, FELO E#%K&ﬁofwé.
[ TR - - BHR] MRET LT O
%ﬁ@&%@%&%:#Eﬂ47ﬁ@UTwéﬁﬁ
_X7 My, BEXOKEONEEELE Z 2053, 7
PMERTND FHEART MAREZLEATHDHD &
T5. FATOEZRLTHE 26N TS
[FEFEY DKM R] ZE =ML ﬁfﬁ“é%
EEM OB 72 EONLETFHRA 52 5 THDHH O
LT 5. BEHMBONRALTNE, b EOTHEF
SV ARASAN
(@ﬂwﬁlﬁﬁéﬁﬁ%&bfﬁﬁﬁé&%ﬁé
DRFIRZERN TOBEEN TOEZ BTN D
%@&#é._wﬁ@WAﬂ47%ﬁ#:&@,@
FE7RE R G & 72 DA BRC, MRAy[E6EE L7
X 70,
("4 7T 2] THRA T ai@T I L ERife
ELTHESINLEEMSL, "M 7T v 7 PRFEELY
FTVRIAHICBEHE O ZERI N ER SN TS H D
ET5. ZOXDREMEARMETIE (X4 7TF
772 LR RERRONA T, TS
T 7B EEL Z ENEE L.

PLEDOEHEDOH & T, LTFONRT A= 2 HRT 5

["A T OREE] REHRIGTh 2 EENE(LET,
YU DN 1 ARD 8o T Do & 5 5 SRR
WPDOTVRER ROEEY 2 b TEEND.
A TRREEOFREHIRIL, LT LB THSD
1) NATENENZ &

2) TIRBIORY ROEMBDRNT &

3) WKZERIA®ED Z L ARG S 2 L
4) ZEEIVIZROGRWRY AT v 2R A i@

52 &

TG ORERREHE Z HE Py b~ E
35670, M 7OEIICHFLTIZax |k, v
ARBLOXR Foax b, @BEEMCNSA ST 97
FHEAGADAA RN EEZNENEZTEBbDET
D A TREBERT VI Y AAE, EREa Ao
AR INT T2 B el 7 iR A PRER T 5

3 BMERRERT7IIVXL

3.1 HREMD T S5 IRHK

AT CITRIBIRR T LT AL E LT, Sefrif
RCTIRELTVWDLA AV AN TIEE#EA LT LA
UZXLZ2MHATS D Zo7 A3 XA TIEEER
%%+W%%EAH%¢?7(?/FU 7) ko

BRI E SED 2 & TR/ a 2 S ORRE
i&#ﬂ%;ﬁbf“é. F72, _@TJI/ZJXA , a3
KIG 22 2GRS BT BRI, BEAFE 7T 7
@/~F(%5)%ﬁﬁﬁiék%§kbf e+
DENL T BT OALEERECIN %, O %185
NATOFMEZRETHZEIZED, BrE»Rs
AT OERBIEKFE LN E W BN REEA L
THEY, AR TIXEATIRE COREREHESRE T L
Y RALHETIVRTZT TR R EBET Dk
WZPEIR LTV 5

Fig.1 A grid partioning network model in casse of
straight and elbows
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Fig. 2 A bend part composed of three primitives

Z TRV FOTAE EORIFID GIRE 5 dl T 48
25 al, 02 R OGKE LOERNORED d B L 25
ZET, XU ROV AR EZLLTORTRDS.

d-2xalxR + arcsin 2xol )
J2xal)? +(a2)? J@2xal)? +(a2)?

5, KDk E5ExonzprE2HANnT, X
ROREIC VB i/ NOBEBECH 5 L ZLL FOA X
DR B.

p= arcsin{

L = (2xalxRxsin B) + (a2x Rxcos f) @)

72717, AWFFEClEal =5,a2=0,d<R &#&EL
2. KTk, REICLvRD7= LU LD
EL, DO bIITWEATIIAIE TS /) — RIZk LT
R RFOEHALEE LN GRIEOBEEIT).

Next node

Fig. 3 A gird partitioning network model in case of bends
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Table 1 Features of obtained solutionswith 0.25(m) meshes of x

direction

Diameter | Num. of | Num. of Total Time
[m] Elbows Bends Costs [s]
0.2 9 0 17.9 1285
0.3 7 1 19.0 447
0.4 7 1 19.5 387
0.5 8 1 19.6 373
0.6 7 1 21.5 80
0.7 9 0 22.4 68
0.8 9 0 22.4 63
0.9 14 1 26.7 45

Fig. 4 An obtained route with 0.2(m) diameter of the pipe

Fig. 5 An obtained route with 0.3(m) diameter of the pipe

Fig. 6 An obtained route with 0.4(m) diameter of the pipe

Fig. 7 An obtained route with 0.5(m) diameter of the pipe



Fig. 8 An obtained route with 0.6(m) diameter of the pipe

Fig. 9 An obtained route with 0.7(m) diameter of the pipe

Fig. 10 An obtained route with 0.8(m) diameter of the pipe

Fig. 11 An obtained route with 0.9(m) diameter of the pipe
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Table 2 Features of obtained solutionsin 0.5(m) meshes of x

axis
Diameter | Num. of | Num. of Total Time
[m] Elbows Bends Costs [s]
0.2 9 0 17.9 213
0.3 7 1 19.0 146
0.4 7 1 195 126
0.5 8 1 19.6 126
0.6 7 1 21.5 24
0.7 9 0 22.4 23
0.8 9 0 22.4 22
0.9 14 1 26.7 12
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Fig. 12 An obtained self interfered route
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Appendix
4 EORBRIZEB T DEEDOEREY A b
x_min [m]|x_max [m] ¥_min [m] y_max [m]|z_min [m]|z_max [m]

Avea 0 16 0 3 0 3
Obstaclel 3 4 0 3 0.8 11
Obstacle2 3 4 18 21 0 3
Obstacled 7 8 0 3 1.9 22
Obstacled 7 8 0.9 11 0 3
Obstacled 11 12 0 3 1.9 22
Obstaclef 11 12 19 22 0 3
Obstacle7 5 6 13 186 0 1.7
Obstacle8 5.3 2.6 0 3 16 3
Obstacle9 9 10 13 16 1.6 3
Obstacle10 9.3 9.6 0 3 0 1.7






