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Space vector search algorithm for air conditioning piping layout

TANG Jingchun', LIU Yi', LU Jianwei', REN Yuankai', HUANG Ke’
(1. School of Automobile and Traffic Engineering, Hefei University of Technology, Hefei 230009, China; 2. School of Mechanical Engi-
neering, Hefei University of Technology, Hefei 230009, China)

Abstract: This paper proposes a vector search algorithm based on escape method for the complex con-
figuration requirements and difficulty in quantifying experiential rules of air conditioning compressor
piping layout problems. The algorithm consists of two processes: preprocessing and search. In the
preprocessing process, a three-dimensional grid is utilized to record spatial information of the piping
layout, with grid size determined by the diameter of the pipings. Different shapes of cells are used to
partition the grid for piping layouts with or without configuration requirements, ensuring the required
precision of cells and reducing computational complexity. In the search process, a vertical vector cir-
cular search is adopted for pipings with configuration requirements, while a vertical-horizontal vector
alternating search is used for pipings without configuration requirements, to ensure that the pipe rou-
ting complies with the specifications for air conditioning piping layout. The effectiveness of the algo-
rithm is validated through case analysis, providing algorithmic support for the development of auto-
matic piping layout technology in air conditioners under complex constraints.

Key words: air conditioning; piping; configuration constraints; space vector search; escape method

2P AL B LA A T A5 M, X R TR . AR ISR B e A sl
PR AR AR, NI B8 A Rz ML IR E T 1 — 2ok 5 (HA R PUAR X 7
AR EE TENAZ —. BIlFRERBAT XSRS BRI SRR AR . T 56 T4
A T AR TR 320 T AR & AL RS A S s .

Y78 B HA:2022-05-20; f& @ H 85 : 2022-06-24

E&TH L8 BHEE LI B3 H (202103205020022)

EE BN AR (1966—) L AN - B I8 Tk R 2= BI04 A= 301l 5
FAEUE 1975 B I ARF M T A IR Tl K22 #0852 , 1A 5.



% 2 1

BRA.F e RERA B RNk LE 177

X T A RSP SR I — 22 R A
BE MR S . SOk (1138 A BT AR ik s STk
L2 #E Myl A BUE M B . A% ERAA
[ LA T4 A SCHRE3 1SR IS T Sting R
I T A T A AN IR A AR S /)N i
23 [B)45 A S s SOk 4 4L A T Pk b
B B HR KE . BERE JE e HEk
R A AR TR E . SRS IR
TR Tl T R ) EA B AL XA I R A T 04k 5 SCRRL 6 1%
Xif 22 258 B A HE P AR R 8 A B0 5 SCik [ 7-8 It
WL A TRk, B A s Sk A4
T A A B RS . XS A PR A B R
T —26 52 (0 R 2 [ 51 25 R R 46 LA I 10
PRIGPIEIR . 2 A I LA Ty 2¢ e Re ol B AR, 2
BBV 0 B R M DLt fE A A B (R A 48 A s £
AL e IE 28 RS AT

Y R A I — BB RRIR BOR , AR B
FHSCHRL10 ] v 5 (8] R A% Ak 7 3 A 38 2 ) A A8 28
(i) o DA 398 325 Ay it o) 30k () 48 2R Oy R A et
DA JE 25 R I A TR BEOR A9 B14 15 BRI 48
FEAE S MAS R PR T4k 2R 3 B Ik

1 ZEE RS SRR

RS A, I AT LT AR L e A e
FHRHEAEAE D B s BEAT 4 % 05 S8 LAl Rt mT LA
VR 52 2% B A5 v fi i B AR R A 2 R A B R
RERAAZ BREARK H TR TR
TR AR LA 3 (Y LR 30 » 15 GE 4 A1 D7
LOAFRE TR AR, I8N T 3R
Legl s MERE . 25 AR B AR 2 il AR L R B K
JE T AL A AL RS T THI A A AR K

ARTCLAZS PR A B AT LT 2R 125 il A
PrEME /N HLBRES TR
SROWLIFEEA LU A BUZOR O H AR X % 7]
AT R A -

D) BERFPILIR ., 2 JABLRT N Y — Le 454 1F |
FL AR AL AR A BRI T A8 B A s I, A I A
WIGEIT Bt ) » 5 B ) DR 5 — E B (A B A
ZEPIE AT R A AR S A A5 T

2) LY. dFhn 5 T A R A B Y
— I SRR B — 5 LA TR A B e
S TEIX SE AR BN A B /N AR BER
BEUR T — € BUH - A RV % (0 47 25 A 20T 4% AL
EBIT

3) BRI, A5 HA B AT AE 5 208 B%

ARG R FET B T . Bl DU R A AR
FE4RPLS il el 1E 05

O B A B BB R N AR
AR A B 11 b ol o DADR/ N A B IR ) B 57 4500
G, 5598 AR Y — B 6 0 55 4 11 5 1) —
HOHANT 8 K 5 728 B 47 25 U sl Gl
LR

ZE VAR R A AT 5 B IO AL B 5 T 20K, &
LA

D) {5 32 e AR ol i DR U Y
BALLE U RERANKZ : B m D, Hilkfp
B 1 25 A5 A BB K Y- 0 AU ST [ 8 s 44 AL 153
Jrite,

2) [l AR B BOR B B U RS A
H—fe U BV KR FHEE U B s IR RL I
EERIRGE IR GBI 0 RO A RT 907,

3) fIRH A 5 v B R A IR BB/ - 721
ST R A M 2 RS DL, SR B
A .

AL T LR AL E REAT 5 IR ZER 1 %
T (E A BESRME LT H A ol B AT Aok -
Lo PRI AR SORE 33k 64 TR 2R A D0 4 A1 JRa 1)
FIAR . LAz (8] 1) s 2 i 77 OR S B B8 % A
R AL AL e BRI FEAE T R BTG —
TUAE B 4 1)

2 ERRGHFUEE

N T SEBU AR E B B A e S AR T R
R GEHAT R LKL B T A s A
A6 BRI A5 o SR FH 2 18] PO A% A 1 77 1 X 4
A B A A AT A . (DL LA b B R Y
MRS ik
2.1 ERHETHER

N BRI RC L X o) AT AT A5 (8] S5 AN AT £y
2 1) AT i L) S 2 L/ NI B L 200 2 ]
AT BRI AT RO AR IR o AR SOR IR AS X
IR E A W AT IR . SR R AR LA A A
B/ AR 2 H BT P AR A B . ALK
NS 2 S M0 A 0 b s ME R M 1T ELX TR TR 26
TURE AT AT 28 (A4 i 2250 . A0 Bk ) At
XA () A B 1 2 A R U [R) NG A 2E 17
B,

KA A8 23 0] B RO Y ST R DT IR LTS . 2
SIS ZYEEEE AL gk ST R BT Y sR
BERY &y 2 AUBSTBARAME . #2805 N 10j kB



178 ARe Tk K AR AAF R

%47 %

AL TERERFH I HXS W TC R A AGaj k) =05 451
SRR I A G k) =1, BITHE RIS 8k
Ka4n A5 2R BE AT )15 S BOR B . 7EIC R BE AT )
h SR G R SR AR IE i 5 B R Y Af 2

X T DBR AL B SR AR i, nHE U S Il
AR A Y2 T S A o BB OO A e
S LA AL R vt 0 B AR XN H B R oA
JRCFR A%, LA/ N 2R 2 (A 3 i Sk s T e
ITEET BTk .

PLUEZEHLA 0 s PR 18 K I PR E ol
FEHEAR ny B KR ¢, 82 1 A IBE
PEAT B A5 ] OB AR d AR R o U () & ) 4
A= (d/2) /[, ARG Ar=d /2. B
Az=d/2 5y RIHEL0. 270 [y —¢/2.m, +1/2].[ 0,
hIFEREI N SR RAE R Py AR N (s s
20) s AR BR AR A OR -

J«r,‘ = r;cos(f, +1AD) + ¢,
v; = risin(@y +1A0) + yo» @y
lz,‘ = 2, +iAz
Hops Govayin =) AR @ A RUFCAR IS 1 RUAR AR O
SRR S BE 5 (oo 0 20 W JiEHE L A AR 5 20 =0

AR OB E 1 4ERAE SE N MR
AR BEAS SRAE URAEL , TE JI0AT A B SR A I 1) R
A a5, AP

Mz yia2:) = Alxisyiszi) (2)

TCIRHRAL B SR A B CANAIC e 1 322 58 5 ¥4 ik
AHEED N TE B RIS RR SR . s
S TR . SR 1AM 2 AR
AP AR Ay A 4 25 ] il 5 0] R A A 45 45 (1] g
1ris%.

XA R PR e 78 25 ], R %Y 2 1
Fe O AEA R 2 ASX5 A BT ANtk
23 6] FFHOIRAS 8] 6 ANTH 7353 1] A e —E BB
BB R L ARy Rk [|] . 1] SRR 9 7R
S EES A bR A AT B AR R L T T
£ B IR BT IR AR

WRIEE IS B d. LG @R TR 7% B ik
BORFE 1A BN AORAE AR S M IS B 1Y
B A B A ],

2.2 ERGRELER

TEAE SR AT SRy AR v R B D R S A B
1S5 FR A BT Ak o a7 By J LA A8 (i i . &
B PAFE

1) DY R Ak 3, DU 1 25 28R — > 2
Yoo fE=gEns ) b AT PR e e 3] — N E A

VL, DRIE DY 38 R ) LA A 4 R A — 2 i A
IR

2) EHE AR RE . A B I O A A B Oy
BRI 0 7 ] DA S /M JE A 7 4
AR EHTIY SSAEN E BE AT B s B A D
RORAIEAS A Tt e v 4 I AR S A IR %
. BRI EME 1R,

1 EEROLETEE

3) EERAL B, LA R EE 2O [P HL 4y
Fh B A5 B 8 DU AT B T 25 A58y A 4 il A
(19 T B L% IR I 2HL 82 » G rp s o) i A 15 91 BEAH 408
P B £ BRI 0 52 A A R TR S AN T 2
PR .

B2 BEREITEE

2.3 HiftER

AL ] A0 IS A5 B A TR R A Ol A S
AR M N T HRR R I — AL A A B e 3
AR TN R, TR A 3K 2H A A ok i v A A ARG D T 1
A LS B JOniE . A SCR I T — R
PRSI T3 v - B A 0 BR B A 2 dis R A A P AR
P SRAE R ERPIRZS o %05 T 1 I F3 A ) 1o 7
B REL RSB B L A TR B A R B TR R
U8

XE PR A P (s e z) 5
Py (i s Vit1 9 Rit1 )ZI‘E_'J %%&ﬁﬁ?@f*ﬁ%j{mo
Hi P; 5 Py W ARAR AT LUK HE 33 P e 1 5[]
Lt TR R BN abievd. EX—A
‘Q%%Eﬁ/ﬁﬂjﬁp(lywz)ﬁﬁ/@:

ax +by +cz +d<d/2,
Val + 0+ (3)
IP e M

Hp.d IRk, & F4EE E T sipgR
B AP — GO E S LR A T
W s A A SRS TR 0, A BETE T

3 ERmEHEXRT

Y AL TR RO 23 R B 2l 2 VR e T




% 2 1

BRA.F e RERA B RNk LE 179

YRR E SRR BUA AN Bhi s A sh LA % A
B TR BARREOR 2 LM B /b S I R 2
PITEFAR TN T SR SN
AN ] o BRI H A B P Bl 1 SR
AREEIEA RIS T I A F . ik
WL T 1969 4FEFR I L LA ] R R 1Y
Tr BT A IR R 1975 20 ORBRAR T3
CRUE T2/ 958
ARSCLAREIR 1% g B hli 4t ) 4 R 5 1 F
B YRR RE A 1R A 1) 6 7R A A A B S
[ AT R ELB S A A . 2 (] R
735 T ARG B0 1 2 2 R B A I B A

TS HHT A
WAL 6,% 0=06)
|

S ARRLE
3.1 AMEBEERNERHE

T2 R A B A I A A SR DU
BT BT X R A2 N ) IR Bl K P8
1 P B A g TR S A A B S A A L
R 5 VR XA M R EOR A . XA
RTINS LR TR i HLA A T RLE KRR B
2R B ik S 0 AR BRI RRARE KPR B
PR . BT ISR % - Joib AT 8 EL I A R L PRI
B AR B s FRREA TP B R R B BRI
BN — AR AR . AT EORAS A B R AR AN A 3
7R

DIHE K ELE S E—BRO7 m1e
BB 1 BRI kP (x, y, 2£L)

| r=r,-112| [6=6-06]

77 [ F T
IR £t

|6=6+A6]

FAFREE S A (1)
BB R P (x,.2)

P, P 3 \

TP Py K A

i) 7 K e
S,
Pi+1H(JZ%ﬁ<

FEP, Pont RGN A,
B R SPALT R — /K,
& m R BE B R TR (H

;i%'PiJrl\Pﬁ'Z
MAEERES

B3 AHEERERGERE

AR TR LSRR, % BRE A DL e LA O 0
F1R 93 A 22 1) A A DS i i 1) 45 R i » 308 B e
BRI AR A (14 75 1] o TR T s P ke 47 158
LB B AR L RS AR A

TEVAE L ZE g 0 3R R XN K
R i B I P i L A B R

Qi = [Ii Vi Zi]T9
Qi—H - [I'ﬁl Vit Zi—H]To
Eéﬁm%bﬁ?@ Qo:[l”o Yo Zo]T ;}ﬂ'J:

VP Pin BOFTHAN
HRBMAEE
b
{Qi = riT+Q07 W
Qi+1 - Qi =+ [O 0 Lun + ZR]T

Her HREHEKINEHI T OEE, r €
[rl)—t/z,r;,+t/2];n :I:COS(Q[ 1 +Aa) sin(g;—1 +
Aa) 01T NARFR R 0  E— BB HE
5 AL D R B - TS oz T Y2 £ 5
A€ [2arccos(L,/(2r,)) y ) N © BOAE BTk
JE 5 Lo AKT- BB BRI B R A BT
R



180 ARe Tk K AR AAF R

%47 %

KO FHY re Jo Ao FEHE SO Bl U
ATLATHRIER | BOAE B — 41U . KX A% 2o ad i
ARSI 26 3 JFG PP T 9 ) i BRIV Rl A5 B4 2 —
HBR— G PR, 7 BT R Al LA
B 1] A EE . BRI N U B B E A
ESUPNEN AR

PRS- i) R A B 4 6 L 1) UG F B
JOERE AT 2. A K T AT T3 I - 7
BT R E R BV BB TR
3.2 EMBIERNERTE

JOAE B BESR R B ANV B H 5 (IR T R4
S HIRSZ B BT KA R RTAS IS L
AN AT R, A LT A 23 TR FE Y MDA
E R 1) i BEAT KP B B R A R R R

— ARV A B ER AL

IR . A b B i ad AR AR

Wy Ko s MR AR AR T o UG SR A8 7K 1 B

A i Ki 2
K,- - LI-TZ +Ki71 (5)
:/H\:EFI :IJI' 6 [I‘min +2R 7IJmax ) j‘:’ﬁj‘ﬁﬁg H Ilmaxﬂ‘jgé’

] S BRI e KR T =[cos @ sina 0]
A FREEARFERE o € [0, 270 W TERE 1 FE
TEILE SCNEUE L 5 o BIfERFE 1 2117 .
ARSI ] 26 Y 1 2 G T3 g RO
KT B kR
LR R R, Wb — Bk BOR I AU
K JURR S BOR L K A
K, =K. +[0 o L]" (6)
b Ly O 8 BUAS I 1) R 28 BE S IR ¥ [T A
B3I
WA L f{E AT RIS 5] 1 4.
A I ] 0k — 2 G T W A g BRI
B B BT
AP R S B R RS AT, B
P Y AT B % AT L 2 0 R a2 4 L 2 LA
ARIE A 8 B TC A I R D0 R AT (] 9
PR iR IV 2 B A AN F A RO R
b — Bt e B A AR )5 X T B T AR
JOHG R ERAE AT B AR W 4 BT
TEAE AT B R DU R PR R RE W 2
ZIR A BB R DL E S 5 IRRE A
BN (R 56 A0 A A R ZER A B P AT B
THTIESR A B . A AT R 1A B R AL 2
Sl B LLRIEH SR I BAE etk o b A
PP BERAE R Tl B TE R T AR I IO ¥ SE

M F il
HEHE—

AEHASIREOR . T R BRI A XD
/JfF?FHXTﬁEJ{WJE DALk A B TP K 1
] 11U HE VR R B R IR R

GREEES
B%E:f%{n

LA 2 5
R T EE AR s B8
e O b3 PEIYIIN
P OSE S8
?ﬁ'}‘:&:
DA E K BEBEAT

*¥%Eﬁﬁ u&%&ﬁﬁﬁ
S

@m
ey

&0
bt

I

S8

=) &Y 8 7]

FRALE LIS
Y

HTH ATERIEN
M H 3
WP NG R A

——

2 il R a5 AU
H AL %ﬁ%A

o

PN
B4 ZMBEERERHERE

4 HEIHH
FIFHAS S H R B 0 S ks R AL g AL
EHHE T A BOE Bk BT A RNEl S
F7R o
l!« l.
|
(a) (b)
B 5 HEEBITER
T SR AL T AL 1) 2 ] SR AR S5 R



% 2 1

B A @RI 6% 0 R Tk

181

Brher ) A B 4 AR BT AN IAT Sa o SRR
IO AR SRt i B 1 15 2 B0 0 A B AR I IE 5
B .

MIEL S BT LUE H 2 %45 98 45 A B vk ]
BT AT G AT E SRR . A0S
EEEAR I AR HLHE S 5 [ U B A Hoar
B AR A U B2 AL, H I e 4 A B R
Ko FROSG LR 5 O R IR IR A 5 % Bt e 1
B LA T DU A e G B N AR BOR . X
T7 RIS T A 25 A8 A B e —
HEZ % G B B A BT RN 6 B,

~

-l‘T )
r

B6 BERHAEHR

5 & i

RS 1 BT 2 18 A L ) s T )
ENCREN 2 I Rl LI WA I N TR
FAAER)— SR B A B L TR (AL B X A5 A1 B 5
T ST IR AT RS N £ 19 200 » AR S il 48 A 0
JrikRE S TORE AR s 5 R A 4R S R s
SRR TR W T AR B R4 e X
ANTR) AT A 23 [ SR BOAS [ e i 48 20 5 g
TRV e (R TSR Ay ik kil A 2 B AL 2R
PR S A T AR PR 1 i R 5 3%

(& % X W]

[1] PARK J H,STORCH R L. Pipe-routing algorithm develop-
ment: case study of a ship engine room design[]J]. Expert
Systems with Applications,2002,23(3):299-309.

[2] KIMS H,RUY W S,JANG B S. The development of a

(3]

(5]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

practical pipe auto-routing system in a shipbuilding CAD
environment using network optimization[ ] ]. International
Journal of Naval Architecture and Ocean Engineering,
2013,5(3):468-477.
UL T ] T U A, — D) VA AE AR 1 A R Y BR
B E L ] ARLE R . 2020,42(17) 1 103-107.
XA, KRG, TR, 55, —FpSEF TR RN 0945 % B 2
fiJm S i A RALE AR LT HLB TR 2 2. 2015, 51 (21)
121-131.
AP PR, PN L 45, FE IR AL = AT R
F BB T 78 LT 0. 1 B LA i 3 & 48, 2007, 13 (3)
497-501.
BT, AL B I, B T Uh Ak i B B R B e 520 .
WS 3h f12F3, 2004 (5) : 593-597.
KJAERNESTED S N, JONSSON M, PALSSON H. Meth-
odology for pipeline route selection using the NSGA II and
distance transform algorithms [ C]//International Design
Engineering Technical Conferences and Computers and In-
formation in Engineering Conference. [S. 1. ]: ASME, 2011
543-552.
SANDURKAR S, CHEN W. GAPRUS: genetic algorithms
based pipe routing using tessellated objects[ ] ]. Computers
in Industry,1999,38(3) :209-223.
Y/NT L NS B A R LA T i SO I FE LD R K
T TR 2, 2006,
HORAR I, BE T IR R AR D Bk AR AN A 2% B B
B L1 F LS i 3 R 58, 2014, 20 (12):
2962-2972.
MASOUDI N,FADEL G M, WIECEK M M. Planning the
shortest path in cluttered environments: a review and a
planar convex hull-based approach[J]. Journal of Compu-
ting and Information Science in Engineering,2019,19(4):
1-11.
LU J W,YAN Z H,ZHANG D S. Applications of CAE in
crack fault diagnosis and vibration control of the pipeline
of air conditioner[ ] ]. Computer Application in Technolo-
gy,2010,37(2):109-115.
TSARDOULIAS E G, ILIAKOPOULOU A,KARGAKOS
A, et al. A review of global path planning methods for oc-
cupancy grid maps regardless of obstacle density[ J]. Jour-
nal of Intelligent and Robotic Systems,2016,84:829-858.
HOR AR M. IR R G S5 BT B A S LR
(I BRI 38 2R 55 . 2016, 22(3) : 714-727.

GifEdmi 5k #iD



