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ABSTRACT: Objective For the reliable life prediction of a new— type plate heat exchanger of ship, this paper
presented a prediction method of product reliability using similar product information, taking into account the
quantitative information obtained during use of similar products. Methods The similarity ratio was given by the experts
based on their experience, and then the reliability of similar products was directly converted using inheritance factor. The
performance data of the plate heat exchanger and similar products were comparatively analyzed, and the conversion
coefficient between the two products was calculated using the concept of fuzzy closeness. Results In combination with
the actual using data of similar products, through the comparison of heat transfer coefficient, velocity change and other
factors, the similar product conversion coefficient was finally determined to be 0.286. The experimental time of the plate
heat exchanger after conversion was further determined, and the reliability of this product was roughly estimated using
the trouble—free truncated life evaluation method. Conclusion This method offered a new method for life estimation

using similar products, and optimized the expert assessment in part on the similarity of the subjective factor from the
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view of product performance features.

KEY WORDS: reliable life prediction; fuzzy mathematic; similar product; plate heat exchanger of ship

ARV T AT = RS 8 TAESM T
(] SRR EA T Y TAE , 2T S i ) — PR
B SR A B mT St R A R <t T AR
HzZ—o HAp =k 2 il St
R b (EIZ T AR AL EE A 3 T A B B R4 50
A= 7R T R RERLAARL P A PEAT , B — 2 0 F 00, ik
Z X7 b R B A o PRI, 7 O A S R
T Z AL R AR ARL L, 2 v mT S T ) oA 5 Sk H i
HF5 1) 1

SCHR[1ET RHE 45 AT SE M T 7 1 vh R G845 21 0
Z BN 43, 3 —Fh 36T R G RAR ™ 5 5 8 B4R
B EEWHIT k. RITEG A H RSN T RGN
FRVRRARL L, 38 2 ASCEE 35 R B T334 21 2R 0 ) A A X
Fb o SCHR[2—31FI AR AL ™ (s B AE N Dy s kA R
FHAHRLZR G2 0 et o Iy SR AR AR R AR I AR BB B, 19
YRR DK o SCHR[418 0 A TR AUE B8 3 805
EIRA T 2T IRE—E R LR T B RE KT
AT 7= S ARRURE B 32 0Pk, AHZ 0 v T 7 b bk
REAPMETE B rp o SCHRIS LA A Ja) R[] 2H B AR 0
(R REARL I 28 A AR | ST FEAH AR BB TR T B T 5E %
VAL R EOBTY R Al A 0k 48 B — B 2 AL
i (e B TE T AT SR TE 2 Ik . SCHR[6] R ISR
BOFARAL ™ S T S T A MRS & $E T — PR
FEARL™ 5 RO 2356 DT AR 45 6 1 S T AL T & 1 T
e SCHR(7—101256 7% IR 24K R 1, B &R
SGiAIEL .

H R, %5 TR o (B AR ABL B A B AR TH 3 2o &
FIVEAL 0 5 , 1% 7 1 B = 0% 7 i 1 22 AT o
SCHTE LSRR b, DRI i i PR R AR 1 &, R
R 507 U 30T 5 %) 0 T 7 e T R 47 B R 8, %o
AEARLF™= it A0 371 6 o) TR AT 4T 5 o 32 07 v xR AR
L AT AR A P EAG B AL T — BB S, DA™ A
REFRIE & 7E— BB LA T % ZTAG AL Y
FAHZE

1 EFRMGEERU~RERAE
TERH
1.1 FATHESH

Xt TR A, AN RTRE S A 7 g e —
B AALEBAD™ v, SR SR i B A BOR Y

FHIME o PRI L S e U AR B T il A EL A 7=
GORE ARG I 5 | ABCR AT IREE IG5 B
7R B ATAEE O RO , AR PR
AOFHAUER EE , A BE RS 8 ) 801 5 R B R ™
st 5] A AR BLAR B2, 368 A B3 445 2R 5 S B 0 15 22 45
Ko I T PSR R v 0 30 88 AR ABE 2, S ™=
AIAREL = it AU RAS AR (B0 A T R 0T

XET A AL A5 BEA T nT SEvE 0T, B e
SO FRRA™ A FEA T 0 SZARRL™ s 0 A
A AR RS A P PRI, 22 AR
BN 7 il B BB, S EAR [R], e B =X
FRARL 5 77 it ) — BGRB8
B AR — Bk

1.2 ENFFE

eI 2 L IR ZEAF AR BL iy, 3 TR T
SRR E R, O B TR Ay 0 B >4 P URRON
BV e 32 BRI T o I R B R T ik
W

D) 77 AHRLA R 30 i X2k DhRe st
JECEE AR JRURE BB A T AR RS 4507 I 255
JEF R R BAAER

2) MPEREREAR Hh A, R T i 14 F2 2R A0 5
A T X7 i SB35 T B T

3) TR LU EL TP SRR R
S5 MY B E AN MO SRR ) B Ak, AT
AT

4) X T ERZBURIN S SN HAB A R, ik e
i A PPALEAT LU AT, B P AR S L SR R L
IS ETVERC S

5) LR e s B Z IR R KL, O i D RE
FIRBLHLEL L e, AT B sl AL 8 5 0%, TH3 ™
A AT 2K

6) 377 i AT R R Dy s e A ARG, 2
FEB™ A B AT SEPETAY o

I AL BRI 1 FR

1.3 HBUFRiTERYNITE

AL b T 7 7= i ) T SERE A S, SR 2 T
P 5 D S ) 2207 TRARBLZ AR TS 1Y
TR i AT S A Z2 IR Bl 2 Ak, AT L e HR



$13% 2

IR S PR A A AT SR A7 A B T e - 141 -

|1
B

W |

: kA R i

| et |

e
el
orSErE GG |

|
| 18 |

Ky I-I.I b |E!I|:'|:.' |
MAmTE |

B F AR ™ SR R RO
Fig.1 Flow chart of conversion coefficient calculation based on sim—

ilar products

m ANFIEEZE . Nm A% &, - a,an, e o
O3 WIFERERAE 2R, B X m AR I 2R, 7E AT
FETEOLN B0 5 0 5 7 A i AT 2 /DR B X
SEEAE DL ROR = 55 D7 5 7 AR ARURR JBE T, T A
FHBIECF T B R

R A K v AR I 3 PR AT
DRI ARA RN T={t, 10, -+ 1), HoH 1,0,
o RRHIETCER R AR 1) £ 2R {1, (5)1i=1,25j=1,2, -,
m}, )AL FITAL R AR R

Rz': (r, (per) U gy () )

Rz: (Iu’Az(MR) ) IU/A:(,U/R> )

HHTEOLT , SRR TT R T S PRS2 a4
SEAE . A FREINIEN 01, 2,0, 0, M
% BN [R) 52 e [A 3R A4 B R I, A 2 ) B A AR
B

k= (1)

Rz: (wR(ru'Al(:“R) U MA,(MR) ))

k= (2)

z (wk (ILLAZ(MR) U /-‘LAZ(/-LR> ) )

R=1

IR, AT JE A R R E A [
(DRI (2) IHRFIARAE DL

2 MR R AT EEF T

LA AR e e 491, I SC R BT 1 A 2 1
AEOAIIUG 3T JSE AR A £ 6 07 I3 P A A e R
AT AR il X R BRE AR R S TR K |
B 22 R EHGI SR HEAT XS Fe o TSR AR B
7o I g sty e 14 S P o 2080 , 5 LA D%
7= b B T SEPES MR e , X AT A A A

2.1 BUBEZRSH

AP IS HER e T i AN TR 1
FH 3 S o B WK 5 T I AT A e
TR T A 2 SRR R A Ay, X R
WEA R TSR . M B AR A XXX
A VE AR . AR T ] SRR Y
TEOLT AR AR B i S B 1o FHBRCH b A AL
at VB Rt FORE i, FE SR AT AR B 24 B4 St L, Sk
Lo 10 1 L2 B e T N o T JE 20

1) MIFHEAH RIS A , PR AR 2R FIAR R =X
SEAA, DR P LA R s NS AR L W R, R A
P B P e 25 YNB/T 47004—2009 $3, #Bi A%
WEZLR

2) IGER SNEARIPE MR E X H 7= 4
PR, HO R K, AL A A A

X
¥

3) I A PERESE brxt LU AR, P = A TE
T RE A R Y R 2 R S 5 T A BOR
ZEI 2 b ol RS AO0T L™ it B R T

2.2 BEIHRIEAIERI S

Bt i e i il i S (i R 2 i T4
BB AN G B AT 28 R R EAEA Y e A
B 25 R LB R S ) AR5 20K, K
A B ORIRAS S S5 DN R AR i (25 2 V)
JEE PR I . AR SR A AR AR
LTSGR G Sy S GRS S A S E)
WO SRR B o B e i b 202
TR R ik, 22 e A 5 Tl K i A — ), BRI v%
Mo MBI A T (— BRI /K ) YT 8 oy bR A R
SN S P RE BT, i A AR
(19 S BRI SV AR K ol A B

2.3 WABARMERBNWIHE

2.3.1 RmiELLEE

T X PR S X AT, R A A E A
FEAT 30 0T el T o BE AT, B (P B KA
RPVA MBI AT o XoF A i o S 2 B8 A A DA K V,=0.4
m/s , I B A Vi T VA E 2% A A DA Vo=0.35 m/s ,
Tofr 7 f v M 358 o 0 EA5 BEELY) DX ) P S H AR A 2 403 AR
B K=1.14,
2.3.2 MAHFMLE

M7 S PERES BN &, A S = S R 1 O



. 142 . ) lr _|

20164F4 H

HEHEAR , BRI K S RO

v =J ARV I i o (3)

A (3) T AT BAH L it 1 B T 7K e A
R =334, %) i I AL HE K et R o =
11,60 T 5 i AR, THE AR 2 BT R AL B =
0.97. LG g A ny sz, A (D), 3t
AR REC

o, —

K, = (;z)xﬁ = 0.279
2.3.3 HwBEMEZRTE

HRAE b3 Lo a3 AT, 23 ) S B 5 A AT B
BERBE SR AR R AT I, 2% A R
KGR BT A R R k=09, FIH]I=X
(2) A2 i 5 X AR A 5 RO

K=K,-K,-K:=0.286.

S, FIARARL™ b B B A 7 4 58 4 L S B
I PR 7.8 T7 h LA RS2 i g i ], 42 BE A
Pria 280, I R g 7] 1=22 308 h,

3 MAEKATHRETREGTIT

2 B W i 22 ] AR AU | R AT 5 R 0
S FAR S EN AR T A MR B [RI T35

F T A A v Z0 2% 8 AL S, i v i
HES 0 IR AT R AR O RSB . &
i TAER T R o6, oot AR = 2,0 = 0", (i=
1,2, ,n) WA IR G35 eRECRT 520 . F (L, 0)=l-e"",
6 >0, R 48 5050 10 0 o3 A R A, WAt 2 Ul sk o,
by LRI ARZHCR m 5 HE 76 A A8 A 2R

ﬁ’%ﬁF(t,n) =1- exp{— (L)"L},ééﬁiﬁ%%?ﬁwﬁ,

n
ARG E] R 1, L, -+, L 5 R 6 TR B0y
MR

Zn TR TAET bty oo, BT H IR
W TCR BT T 7™ 5 TAERF IR 0, L, - LI SRR
GIATRACIR WA R A 0 7F 1- a BRI
PN EAE TR

0, =

(4)

- Ina

HY G, ARl 1A PR Ak AR A 37 3 56 B[]
22308 h, K& A, IR AR (4) 115
B3 e B8 0.9,0.8,0.7 BB FE3 A B S
BRI 19 688,13 861,18 529,

4 Z5iE

SCH R T —FOR AR A™ b A5 B 2R AT al SE 4k
B8 75, W™ ah B PEBERFAE th K, BEHOCHETE fE
ZH PV v 3 2 R B B &, 3T
FARE TR, i E PR AR Z IR A LR . DA
i AR OB A8 i g 9], e o o A AR AR 5
g K AR 22 R ST FE AT, A
B B9 50 R 2 R R R A JF R AR
AR il R S B FH RS , 45 FE A M REAS 1 S0 37105
Bt o Rk B R IR DA 7 1 AT A5 A Al
PSS AL BB ER

TR HARL™ dh A5 B #EA T ] SRR B
P RB E B R T — MR L, DO PR fE
FHIE %, 7E—E R B EARAR T L G AL 1™ R AR B
FEBy W ER o PP Tk al T S B 2 A A
AL ZR GE ) 9 ] SEMEVEAL T, WARSRIE T

Sk

(1] SLECHe. BET AL a5 BRI R G 55 St it 7 ik
[l &£ T A5k, 2014,33(6) :8—15.

ZHUO Hong-yan. Method of Mission Reliability Prediction
Based on Similar Product Information[J]. Ordnance Industry
Automation,2014,33(6) :8—15.

[2] BREHR, VREER, A7 T, 45 S0 H R Gk AE T SETERY
FRIESI BT, e s PRI TR, 2013, 10(6) : 136—139.
CHEN Zhong—zhen, XU Lu—tie, YU Wei-bo, et al. Similarity
Analysis of Storage Reliability of Ammunition—borne Photo—
electric System[J]. Equipment Environmental Engineering,
2013,10(6) : 136—139.

(31 #%E, RN, 85, 45 FHAR L™ & 5 B A HL ™ i)

4 E Bayes Z5 & WAl [T]. L 2% “7 42, 2008, 29 (6) : 1150—
1153.
YANG Jun, SHEN Li-juan, HUANG Jin, et al. Bayes Com—
prehensive Assessment of Reliability for Electronic Products
by Using Test Information of Similar Products[]J]. Acta Aero—
nautica Et Astronautica Sinica,2008,29(6):1150—1153.

[4] B4, B0, HIRRAE , 55 FHARRL™ S 15 500 BB 7

Bayes A SEPE AR 1], 60N 2SR R 522741, 2009 (7) -
786—788.
YANG Jun, HUANG Jin, SHEN Li—juan, et al. Bayes Com—
prehensive Assessment of Reliability for Binomial Products by
Using Test Information of Similar Product[J]. Journal of Bei—
jing University of Aeronautics and Astronautics, 2009 (7) :
786—788.



$13% 2

RUBER A AR v T

e

i

Tt B I T - 143 -

[5]

(6]

[7]

(8]

SRAZIE, F25 T, WREE, S5, ST AR A 7 s B n] 5
PEPEAG T ERFEER], 2012,30(10) : 84—87.

ZHANG Li-bo, WANG Hong-li, CHEN Cong, et al. The
Method of Reliability Assessment for Electronic Products
Based on Multiple Similar Samples[J]. Aerospace Control,
2012,30(10) : 84—87.

ZHANG Z, YANG Z. Fuzzy Mathematics Assessment in the
Evaluation of Air Quality[C]// 2011 International Conference
on Multimedia Technology. ICMT,2011:6378—6381.

GUO Z, TIAN J. Discussion about Similarity Measures in Pat—
tern Recognition of Fuzzy Information[C]// 2007 International
Conference on Computational Intelligence and Security Work—
shops. CISW,2007:299-303.

JrW 2 Mt . A AR RS B T B AT SRR
SETTIEN]. B SEE S IA, 2008, 38(6) : 107—112.
FANG Ming, LI Xue—jing, LIU Jing—ai. An Assessment Meth—
od of the Reliability for the Similar Equipment Which has
Similar Product Information[J]. Mathematics in Practice and
Theory,2008,38(6) : 107—112.

Ko Ar BRAR R, B RS SE R T ARMLR G EE R Y 4
0 S AR PR BESE (). 2 4 3R T /2, 2013, 10
(6):37—40.

ZHANG Hui-qi, CHEN Chun-liang, CAO Yu-kun, et al.
Evaluation Study on Service Status of Armored Vehicle En—
gine Based on the Similarity System Theory[J]. Equipment En—
vironmental Engineering,2013,10(6) : 37—40.

[10] FERE, 5K S, BEUtph 45 BOWIAR L1 ik 5 288 PHE

299

ha B SEMALAT SRR iR R A4, 2010, 39
(4):629—633.

DU Li,ZHANG Han-liang, HUANG Hong—zhong, et al. Com—
bining Fuzzy Similar Product and Fuzzy Comprehensive Eval—
uation Method for Reliability Prediction of Diesel Engine[]].

Journal of University of Electronic Science and Technology of

China,2010,39(4) : 629—633.

(L% 437W)

ing,2003,20(4): 1—12.

[15] BB, FRERE. A (M), J6aT . = S H H AT, 1985.

ZHAO Kai—hua, CHEN Xi-mou. Electromagnetics[M]. Bei-—
jing: Higher Education Press, 1985.

[16] ANGLE E E,BASTOW J G,CHARAK M T, et al. Assessment

and Control of Spacecraft Magnetic Fields[R]. NASA

[11]

[12

—_—

[13]

[14]

[17]

[17]

[18]

SR T, AT S, B o, S BE TR/ NVEER Y R G S
I PR TR, 2014,35(3) : 148—152.

GUO Hai-kuan, ZHAO Xin-wen, DUAN Meng—qiang, et al.
Reliability Prediction Model Based on Minimal Cut Sets[]].
Journal of Sichuan Ordnance,2014,35(3) : 148—152.

XU Ying, SHAO Wen—hua. Groundwater Quality Evaluation
in Yang Village by Fuzzy Mathematics Method[C]// 2010 In—
ternational Conference on Digital Manufacturing & Automa—
tion. ICDMA,2010:790—794.

GEUTER , BEBE, XU E. HL 37 it Al SEPE BT 7 250 ).
L RHEHIAR,2014,1(2) :246—256.

LUO Ming-zhu, KANG Rui, LIU Fa-wang. A Review of
Reliability Prediction Methods for Electronic Products[J].
Electronic Science & Technology,2014,1(2) :246—256.
P, HEBL, S AU S T SRV E IO D7 I L S
FEI]. TAEHLI, 2009,40(5) : 53—57.

LI Rui-ying, KANG Rui, DANG Wei. Comparison and
Selection of Reliability Prediction Method for Mechanical
Products[J]. Construction Machinery and Equipment, 2009, 40
(5):53—57.

ORONEL C, AMARIS C, VALLES M, et al. Experiments on
the Characteristics of Saturated Boiling Heat Transfer in a
Plate Heat Exchanger for Ammoniac/Lithiumnitrate and Am—
monia/( Lithium Nitrate + Water) [C]// 2010 3rd International
Conference on Thermal Issues in Emerging Technologies The—
ory and Applications. THETA ,2010:217—225.

YU Liang—jian, ZHANG Yan—-feng,ZHOU Jian—xin. Applica—
tion of Domestic super Large Scale Plate Shell Heat Exchang—
er in Petrochemical Units|]].
2010,39(5) :69—72.

LI B, LIU J, LIU D. Reliability Analysis on Zero—failure Data
of Missile Power System[C]// 2011 2nd International Confer—

Petro Chemical Equipment,

ence on Artificial Intelligence, Management Science & Elec—

tronic Commerce. AIMSEC,2011:5722—5725.

SP-8037,1970.

EICHHOM W L. A New Method for Determining the Magnetic
Dipole Moment of a Spacecraft from Near—field Data[R].
NASA Technical Memorandum X—63765, 1969.

FRANKLIN H C,SETH W. Magnetic Shielding of Interplane—
tary Spacecraft Against Solar Flare Radiation[R]. NASA-CR-
195539, 1993.



