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Abstract

Military Equipments are developed to be more and more complex with high technology, so the
maintenance is required to change. The Development of Health Management and Maintenance Tech-
nology for Military Equipment has a trend from pure maintenance to control and management in
the past several technology innovations. American military has developed a certain comprehen-
sive health management system. In this paper, maintenance and health management technology of
military equipment is collected, and then the related technology development is analyzed, as well
as its contents and trend. The thoughts and characteristics of the American military technology
revolution are stressed in this paper, and the key technology and application of its typical pro-
grams are researched as the most important work. So this paper can make a support for military
and civil equipments to develop such technology.
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AR A TE BRI D ) Mkl bt Ha e, HAEB R ERE 2 W . a4
LRI R IR G R BATTA R T 7R, a2 & B IR AT Rl 5+ 0 E I ORIE, e e m i B
REJ AL . BEE pUaS e & PR R A S R R P IR g /5, B A e A AE W SEVE DL A A8 DR B 45 07 1 L LAY
) R H 38 . ARG R 4EAE I B O TR R e % KRR, RS S AR B 3 O o 3 & 4 1%
HEAREEN R EES.

ALK, BEEHEFDE R, SNEREPIX B B TERUNAL T, AT
JRE G PR S, TERE A ORER 1 AU R T — R R G IR R, Hp ol R IUE & ]
LU DA SRS B Z AT B ERRELAR T — RVIE B @ AR U, T e & BORES I B R 58,
HAESEMFAT T 0. H 728 R BRSPS B QRO R R B R IE B R4 1B 508,
() — PR CC A AT R SR e s

AR T T T RAE S A E AR, THRRER LB E RS R RSN, N
AR &I A SR AR i 2%

2. REUBSRREEFRANBESERE

RGNS T N E 0 AW A SRR, BN YA E s, Wil 1 fos. Hrb, R rEges
FEUTE S N E, BREAEE. RRHEESIT RIS . MEEERERRRE, RE4E
(Condition-Based Maintenance, CBM)iZ & i ot G4t E (1 4h 78 77 2, X TIRFR X & 22 5w PR B A E
K
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Figure 1. Maintenance terminology and classification

B 1 HEEARIER 3

FIRE, R A EAR I Z T AR RN B B R TP 4E 185507 B WA e 3] 1 3 T
B T SRS MR IR 4R 12 75 2 AR R R, Dl R S4ed AN BT el A i 3
2, BONEEZHIR S ARG L e SN, R, Beath. BrefeE I T, ST
MALGEK) “YEfz” MR “EFH” W,

2.1. TN APORZEIZ(RCM)

20 HAHWIHE 70 FAC, BRYEBELERA LI PIF T B—-MRmpiveges, e LAk AiE
Faigets, MR RBEYEE, WAFRIESHE4EE . AiF SR E M RRHANEEEE . R
Fral g 1) 77 2O b R G R JE A e A I Bl R A ) R P S PR R 7R . BAE
PRRRAEAS J7 O T4 B s i B ASE 21) T IS EEMER, BIE AT v, PR 7 AT EE R o

PLATFEME Ry 0 iR 4E 15 (Reliance Centered Maintenance, RCM) A& A /MR IWAEE IR, A8
WE AL 2% () (B 22 Ve S n] SRS BI0REE, SEPEIX — BRI ER, RAHZ AR R0, IR %E & Pl it
PBFAFIIRRF L] FEZINERMERT, AT UR Sk B A & Tl 1 4B (R B A 2%

TE A S TERCRE, REHE DIV O S a7 7 RCM 2k, ME 747 AL 4EETTH
R, EREETUHHDER . EEFEEM RCM, XHEIF 7 — RIIMRE 55E[2] [3]. 7£ Bk )\ 44
RPN EL, EEHE T RCM N HE, HIEE., SESMEENRNAREG AR, 1985 4 2 HE%E
MiAG T mil-std-1843, 1985 4 7 HEEZEMAT | amep750-2, 1986 4F 1 HEZENH 4 T mil-std-2173. 124
Rk, FZEAE X RS S  AAE S TR

2.2. BT REHHEEZ(CBM)

Y PRIBRE SRR PO 2 B,  TARMCR XS LEAIR. 21 28Dk, CBM HiR1G2IZD
KR FEAMBA 32 AN, X T 0 B T 5 i R B B AT — S AOARAR M [4] [5] [6] -

—RBORUL, PR CBM R GEHG ZEANF B G OR PEAli R G BB AR BRIl IREHR 4t
TR M TN 2R % ) ] SERE AN Se 1k, SR ARAE 4 AR RS 0 52 0 A O BB 3 e, AT ik 35 20 442 Al
A REYEERCEEE I

CBM RGN B4 B, BlRES M. FALRRIG 2 B i UL RV AG . S gEE
TEEE 2 N DIRE7], HRA R AN B, Jr R .
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(1) ¥R ESEKIRE:

(2) 1B5 T AL SHFE L TN fE s
(3) WEIRE:

(4) 1RV S M2 W Thag s
(5) ARATI T B

(6) HEfsHHBhHEIIRE;

(7) Hclm s i A2 o B
(8) [y S s A7 it A g I A B
(9) RAMEEH;

(10) AWLAZ HEL,

2.3. RERREIE(EHM)

% 2% (e FE 5 B (Equipment Health Management, EHIM) & 525 45 fr f BRE A% 190 DA e 5% 30 R 2% AT 7 F k)
SRR, A e A A I R 1 A R o R AT

EHM S5 &35 &Rk E A4y, dd B eiiiae . BEMRISETFR, MRE&NERRSHE T
PRI P, (R A R e R R R, S 4 T HE A 2L 1 E 49[8] [9] [20]

X EHM BT dr e R, o2& CBM 5 HEIS R RS A, —HMXAARIIE[LL] [12]:
AR EHM AR TR MM EE TG, iR LR @R B 1. DUIRES IS F B, 5k
Dl Ve, BHRr el iR e, EDMFESH <Yy BYEpeArg) <S8 B4, —HPXREA:
CBM #& EHM 3Rt M, EHM /24T CBM 4 i FliE i

2.4, HFETNSRREERPHM)

ik T 5 {45 7 (Prognosttics and Health Management, PHM)J2& Jy 1 i /2 [ B8R, [ R Wik
RITHKI, & CBM T ERE . PHM Sififi % & 8 B (RS I A, R3S & iR, l it A
M5 Hr, TR A, IR Se 48R . IRZEIE oA . M 20 TR )5, B3k
[ 7 77 FRIE E R AE PHM HRGUSIN T KRB S50, 18 21 2 YR o 36 954
B ZE 75 AR E . PHM SRR A 32 AR b T s R B LA, TR S e S LI A AL s, st
WHERIRTF ATl BREMR RIS . AR RO KA B BEHE T . AT BB sl 3%,
{H2 G Z R . 2 ARIRE, PHM R4 CEAF A E B 0 B T8 — R a4 1
Wit SRS, 1 F35 BEAMSHILIH MR EENE B RSG, ZRAEN T WIRGIRS . BT
iy WRETON . ZEMETTRI S B IR ESES T T RE[13] [14] [15].

STt PHM 25U FE R H A 23 A AV B W PP A R, £ K FAE 2R M L 9 B A A s SRR J7 28
BT R AL, R AR A 2 5 R, ST e % g B AR LA T PRl . TS, FARYE d b
MG R, HE 4SRN, SEHMIEAESLEY, M R 5 &% 22 4 rT §Ei8 47 [16] [17] [18].

A S PHM BAR Bt e rb, R CBM UL Ge it 2 Jm 4Es A0 e I 415 77 R

3. REHIEBERR
3.1 ZAEBEHAR
1983 436 [H 5 Toll P &4 S5 SIS WO BES . R BISEZE 0y M BMLRIMB IR B e s 35, aor
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THAZENARR, HACZ2MATRE N R4 R 5H[19] [20].

Kl 2 N2 ISF (F-35) ML LE AL Wi gh i [21], FEARYE T ERPERES, @I 30 EAE
Pl bz Wr, T EEE 4B B i s s Wrig AR IR, [EHOv» R 2. IXEED)Re 5imfegE
LA AR AR B AR O RV, B SR A BE T ik, s A OR s SR (A e AT A 45 4

mRYEHEE
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Figure 2. Integrated diagnostic structure of American JFS fighter aircraft
Bl 2. €% ISF B HILIVER A 1S B 451

FERE N R a2 Wi 5 T, SRsei2 T AN R RELEAS B AR B 5% [ [ B 0 01 N S B R R BOR 2 — o 3%
TR EFE NI 7 2 TOUEA b 248, CR2) 2 KA STE-X R4, AutoSense 2
Wr R GEA BITE HyC WS, 5. pbhh, BB 72 s imllies, LI TIvE NI RS il
. B, SRE QAR R 7 AELZL MG FELRRETERUR RN 8%« A2 2RI AU R 4K
REINEREE, VR LM S RS VS BRI TS O 1 1 S

3.2. MM 54 E S M— kB8

AN BT 5 4212 W — b BAR LA 2 W T 0 B N2, e 7 2 B R St g A2 i 22] .

20 40 80 EAKIWITFS, FEE M ARINC AR, QSI /A 7l & #04 HAk Ay B B 70 5 [ 345 8 1 S
T LR e SRS Eh Bl . 20 40 90 AR, Queltech A R & T — ANk #4472 i TEAMS.
AR TS IR IRTE, RERAT T I& Mk, R T 25 S IREIAY23], WlE 3 fis. %
B R AN SE [ 7 E RGP E ] T TEAMS 81 [24] [25] [26] [27] [28], BEW ke & HR Bt — R HI K2
FEMEI, R BA TR R DR TR E . & 4 B AN T TEAMS 5 A1) AH-64D B
WLRSINLEE G2 RGHESE .

| PRRAE BT SAEE LW — R b fE BT |

B

B || s |

Figure 3. Integrated model of testability design
and maintenance diagnosis

3. MM 5HESH — R LERR
il

T 5 s 2 8] (4 5% AR D s rT R R R R B R R, AR5 RIS N 245 S it R kAT 1
HRHEAE, ANV 5o S8 TN . AR, CREEX RGN RS
BT M R R GVEE R, Bl AR — B EORA R L, B G — M sSbn i S
BRI YA, RECE MR AL, IR M By I, R R IR BT 7 RAF I AL
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Figure 4. AH-64D helicopter engine integrated diagnostic sys-
tem framework

& 4. AH-64D EA N AN LR E LW R G HESR

33. &EMAEERE

A5 RRE AR RS 2 e A A, PUTIHT DR, SCIR &SP BT A
P A2 H R IHAT.

X “IRAT” M E, TRIIFARRAES A 475 i i A S ) 25 S B A8 AT, T A2 BA— 2 1
R RAUD BB S S NG S AR, TR gEd LR A PRS2 AN, dndE I B
TP B A T B G e ST RIS AT 2, RIREE 4R A2 Wil B BAE BT R, B E R B &t
RACEIRCR . B, il A e &% 2 an G B BA RE B OCEE, W2k B4Ez il —14k
16 B FR AT 254

R FFan MG B BAFE AR T B R RE . 4B Wid FR (G B [29].

(1) ZEMHE BB B, SR PE AN B SR, W HE B ARG FIiRE, —FH
TAE.

(2) MERERMIBATERES, BIT WA NPEE RS D, MR AUE b PR ATHERE /0B, M2t
A7 B2 W R 55 3 o 25

(3) TER&4EZ IS, T ATS W& MIEUE & Wb (5 2., I8 iR T W sie . B 7.

CRERTRINERS, MR ISF SR G2 R G AH-64D EFHHLRBINLLE & 2 W RS 41
Wil 5 frz[30].
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Figure 5. Information management structure of
equipment life cycle
E 5 xgehEwRAREREEREN

4. EEFLAHABTHE

[flF CBM A, SEAIF & BRI H A Bl 2212 WrikdE 7RI (Army Diagnostic Improvement Program,
ADIP). 1148 B % #1 22 %5 (Health and Usage Management System, HUMS). ZE& HLI2 bt — i 3R FH
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i %

E ¥ R4 (Integrated Mechanical Diagnosis-Health and Usage Management System, IMD-HUMS). Bt &I 2
Hrit-%(Joint Oil Analysis Program, JOAP)% .

4.1. BEESEIEEHTRI

1998 4 3% [H it 2 4 St il 2212 W gt vk il . S K R IR R S5 AL, e45 b Ca s T R
B, R OR B AR R A IR A e i L el 4RSS RS T OREH .

Bt ADIP T &, £EFEE N TRH CBM JRHE, f2ith 7 RHUEE N THBH, BAERHZM RS0
PEEOR, (AL R4 X 38 RGN TN AE /) 52 W BCR1S BI0GE . T RITH BFE LT JUR AL 40 “Bk
Al LT A BEEF 7 (Joint Strike Fighter Prognostic Health Management, JSF PHM) LA KB ZE /) “OIRZS
ZEATHT RE” (Integrated Condition Assessment System, ICAS)%%[31] [32].

ADIP I& M TREZE &M &, . ZEW R, Son. KU ORRR 2250 DL RS 3l Fa ik 55 [33] [34]
[35]. ADIP HiAR T EmZ K 6.

ML BTE R 48 LR Bl A HLIEAT Tt

EA Ll
HiBh R
-l
—

R TR AR ER -
* AR, 4 SRR
CEIERR I <A

A B A\ B R4
(BRI IETMZE Y,

- b A shIE MG /E(EGCSS-A
R REBE S B30

Figure 6. ADIP technical proposal
[ 6. ADIP iR B R

ADIP St B s 1R AR T, S RITSERERRFI RGO, AU T HA 3
Feo IROIERIE N IR S A L A e (e s AT PR 2 B, TR R g S, SKEl T #
HAat. REMZTSER, MERAEEHZMNCRERZEM, HRRE 4 T 'R R RE.

4.2. ZEARTBHFFRIA CBM RSt

1E 2K TACOM 47 fir 4 B 7] 4 # (Life Cycle Management Command, LCMC) iz =, 26 [H i %
H 5 E B A T K TR H O (TARDEC) 1) T AR TR 75 25 BJR K22 (WMU)BIE TSN 51 & AEFF % CBM R4,
FI I — R 51 IR 25 e 1ok 0 ke M R BRI A 2R RSB AR, TR B LD %451 2K [36] [37].

TARDEC M7 T R G ALl RN 255 (CASSI) 2 BT /N 4 DR b T 55 R 2249 (Hummer HL) & T —F
CBM %4t, WKl 7 FiR. %R SR &5 VF LAt AR 25028 T i S E Uk be . bedn, $2 a0 s
- BB LA B0 A, B G T2 75 B e S BRI 977 1 s 2% 4% Ak T AN mT S XU

ZARGEARREE, WK 8 frw, W RUEY LA [ R R 03l AR (], 3 m LS B
SERIDAF A AS ORI BB, BRI SR, DL TS B S I

% CBM #%t, 1EARREMERRSEN RS, AAUTRA:

(1) PR AR LI (8]
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(2) WRTD AT i,
(3) B4 17 9

(4) MIEYERE;

(5) AT T REHA TR S A A7 7™ H SR ) BE 7D

H1F CBM R4t LIRS M BRI, Il 2R SRS HEAT SE IO VPAt R 45 th 4B 12 3G, ALk CBM
R HR 13RI 2 RS, RORFEK 4R 2 A .

Figure 7. Ultrasonic testing of crack in shaft
assembly

B 7. BRI

T AR

IR
GO

/m’

V/N

W
i

BANET

Figure 8. Neural network structure of shock absorber fault
diagnosis system in Blandly Armoured Vehicles

Bl 8. =B KR ERRRWIEISE REHHEMLE
£t

4.3. GZAENMISH-RREREERS

2003 3 FEIFAR 1 FH 25 G SN U2 - e R 436 FH 87 3 R G (IMD-HUMS), iX 52 Hi Goodrich 2 ®] T
R —FPHLE I T 5 — A1k R GE, % CBM AT UH-60L I4EE{RE. IMD-HUMS = Z R TR 4E.
WEFR . T AFRER E LB AR AR RO B AR AT B B A [38]-[43]

IMD-HUMS MR, AT 8 AE N 53 I AE R 30 1] 8, ] DLTE R R s AT 1R S iR 4
EF8 i, IS LTSI, (I KT %4 1% R GRS UER ATEE . F sl — I AT,
B G b 1) RS TR, 7 R T T e SRS ARSI

IMD-HUMS RS EFEWNAEEM T KRG HLEARS(On-Board System, OBS)FIH:TH i 5 4t (Ground
Station System, GSS), 4114 9 Frir.
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Figure 9. OBS and GSS
[#] 9. OBS #1 GSS &#%:

4.3.1. Hll#;FHLE(On-Board System, OBS)
OBS H 415G 2H fil:
o I 51 JEAE i FRLT(CDU)
o HdEAEHI T T(DTU)
o EFEHIELELAH(RDC)
o FAFHHIL(MPU)
o 2/MEZGE(BL. JB2)
o 20 ANIKB)#S AL B AR I BT
o AAGIEIEE T
o 5 AMNEIAFITHEINEE T
o 1A Ag HUAIIIEEE T, TR
o e B R O e B A ek A R
o ENEHE M IRERAS
o GIEEHH Rl A R T
IMD-HUMS OBS [##% 0o FACFE §55(MPU) . MPU SRAEFIIC S E s B T H 0 8E, #4790 #r of
RORBNEE R F . ERE T A RATIRES TREFEANN &, S R RS Wi 8, R8s 1764
THERE 7. OBS & W] LA 25 4k 51 FAG 7R $ s (CDUY AL SR a2 B, DAUEAR (-5 BRI 5
BT RS A SIS T . BB BRI T K R4 [44] [45]. BRULLAAh, OBS RHIME EE
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BT R H a7 il AR s R SR ie B KRS A -

4.3.2. WEEFE % (Ground Station System, GSS)
GSS #& IMD-HUMS FEZ A A8, HRIET CATRERESZ AT 4. GSS Wit 7 vATHdE 147
Br ALEEThRE, WG EEgRPERCE S BAR LA 4EIE N . S EN ORI N . BT AR SR B
IMD-HUMS GSS Zhifig L4
o JiE BN
o ATHURXIEE
o IEEVERE
o %
o (RGO THAERER
o RA T AL TR
o KATEH
o FE/BIT iR
o B
IMD-HUMS £ 4t OBS ARGk YATSENEHE, 4 H KL% E GSS W8 £ B AT
KoM, ZRGHI) T Z R LR YA AT IR S R A T AR

4.4. REBREMBRIHTITR

5 [ [ By L T R A B B ik IR SR o0 (JOAP-TSC), i€ 1 4 HUARR t A 2 il
MR R T G & B = A MR &

% JOAP BRI iz : RAVMA. &IFLis s U EL S 2 R 52, AT R i o>
BRI

FRT, SE%5 O DR R DN AR P T B0 28 e 4 OV RS HE I o 2 BOR T DU SR i
IR T o BEAEIZH RS, 78 S A RS T 0 Bk B A % 1 B AR -

(1) AR MEARME AR 5271 AT R A PR A A% Se I 1

(2) & FFIRYEZ A

(3) LM< B JE I BRI, Dyl as RS B AR QA RS

(4) feHEHHIAR K ES

(5) 9iF5 TR 4R A R it

(6) SEBLM I BT AR T7iE USGRAR BObR A AL 2 4 [46]

LR, JOAP ZMIHR i 14U BEMEIN -5 T BOR IR 7L 1 FELEAB DR B b R 22 R i
Tt e a6 (RIS AT RS 5 BEBUIRDUREAT PPAL N2 FH BRI 5

5. EHSH

bk SR AR IEAE RO — AR B S R Th i) — AN Ry, R AN A S [ A A
JEIEERIAR

BB SBORBEION R REY, BT REPERNAIENZES], BAERTHRLEE 512 W
BE, RN VEE . R R TS [ BAR L rid -

(1) T2 GERE IR & BOR 5 IR G R U ST 0 7T, AR 3R B 2 b i N Bt DA S 22 0 K
F2 9 1 AET 5 12 W A5 AT LR TH[AT];
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i %

(2) X 52 BRI (S AR IE A5 HARBEAT I R it

() X RGR RGBT AL LL KW 75 ST IT A

(4) X e ittAR IS DL R AR AR A J) TR N BOER T 5 70 Wr e A i st B (s B K145 AR T At
RV TR, JREE B SRR AIE A AR

(5) Wty e el SR OTHLEL M B SE R B RN, LA SR R A 28080 55 R 5

(6) XA E AR FIABOR S T HAT I R, RAEERTr 2 RO @R BRR L R g i A
HIZhBESEH -

6. MEREXFUBEENER

TN E AT, JRF DB ST 5 7 BA KA AR 8 B2 B AR i B8 s & eI B A . B8
S 4000 U5 00 A 1 R IS 0 2 ERA I TR P A . B i A5 g IS 415 9 T B 2, TR
CBM %%, Mid3 4 RS ERE. SUTATE, BEMSeBURATN . WAL, 58S 0 Rl A I 415 1
(48], FEIFK CBM RGN, Rk iF 7o N T8 A FETE R AR AT . 2 iR I HOR, @i e
BORUHERE, S IR M . S R 5 i T -

TR A T AR T . A A B A AR, 5 R A EE AR R R S N A I T
BRI, 0 B R EALE AL . ARAEAL . BLEML Rl AR RS AR T AR %
Vi, AR IR T T R E R . SR A S B A AN EE ] R SR VA M,
MG IR LR BT BB AR IR 25 R &, (BB AR AR Sl . IR X 3725 4% 8 R 1)
IR RIR R, VERREFEHE WAL OB A IRRERE 1, JE IR (T HE R GE (R MR BE ) 150 7k B AR g /1628
7. B4

ARG S I BORS T B S B BRI BORBOR B T B DI AR T BN 58 8 I s e A (i
BAR. ACES RS RERSRA B E RN R, B8 T HENRERR, WTUCAREM
R BT R RTH R AR S .

MR E SRR FEIRE R LIS, RS UEB ARG V8K SRR, NERBCH XL AR K R
TR BRIANFERRR R GUR, BPITRCB BRI, Rm(E R BRI, MU E B M. ks
JERRAR e 45 3515 B R G (E RAL T BUE 8L DURS A RIEVIESR, DU BB NS, K hn s il
CWr. BT SO T RO, VISKIRTHETE B RS R & E B 5 2 hE
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