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Abstract

The contact line over the pantograph slides fast when the locomotion operates at
high-speed. It will tent to cause power accident if the location of the line deviates too
large. In order to assure that the lines and the locomotion operate normally, it is
necessary to ensure the security of catenary and detect catenary geometry parameters
frequently. Traditional detection approach tests data by the contact of the line and
sensors installed on the pantograph. However, applying the traditional detection
method on high-speed catenary testing will affect the following behaviors of
pantograph and reduce the similarity between detection pantograph and actual
pantograph on account of the vibration of high-speed catenary is always higher than
the regular speed catenary, which results in the error of catenary detection parameters.
Therefore, it is an urgent need to adopt new methods, new ideas for promoting the
catenary detection technology development.

This paper designs high-speed catenary dynamic parameters detection system
based on image processing by tracking the trend of catenary dynamic detection
domestic and overseas and considering the features about high-speed catenary
detection fully. This system can achieve non-contact real-time detection of catenary
geometric parameters by using Onuris linear array cameras installed on the
locomotion to photogrammetry survey and applying optical triangulation principle
and image processing technology.

According to the distance of éampling points on space about the current frame is
smaller than its image data before and after that frame, the value of image gray of
adjacent frames and some other traits. The steps of image processing methods the
paper used are as follows: firstly, frame of the current image and its adjacent frames
before and after it are implemented the differential operation to eliminate the
affection of uneven background; secondly, the contrast ratio between the contact line

objective imagination and background can be improved by balancing image
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processing and enriching image information; thirdly, gray image first division can be
realized and segmentation threshold can be determined by using Otsu algorithms,
and fragmented interference objectives in image can be removed by domain division-
method; Finally, continuous of the contact line object image can be realized by using
closed operation of mathematical morphology on binary image. In the paper,
mathematics model of catenary objects forecast and tracking is built to remove
interference objectives again and realize the computing of catenary geometric
parameters. According to the character of locomotive running and factor of detection
systems itself, the paper analyses the reasons for the system error and puts forward
the corresponding compensation methods.

Hardware architecture and holistic designation of software of the detection
system are discussed systematically in the paper. The rationality and feasibility of

system’s designation is proved by debugging operation.

Keywords: OCS(Overhead Contact System); Non-contact Detection; Image

Processing
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—1|—=1]—1 -1 0 |1
G.= 10 10 o G,= 1—1]0 |1
1|11 —1]0 |1

(@) G ACRAKFELLE (b) G, RFMHBLIE




AR B R FR T EWEZ X $ 2071

B RN~ L REECHRUE 2:

G, =(z,+22z,+2,)~(z, +22, +2,) (3-6)
Gl

G, = (2, + 225 +2,)~ (2, + 22, + 2,) (3-7)

PUE 2 @O S EEE LR EMEERFERRER, kMHETFH
Sobel HF, WF 3—3 i, FAEBERRA.
% 3—3 Sobel H AR

—1{-=2f—-1 =11 0 1
1 2 1 —1] 0 1
(a) G REKFHE b) G, RRELHE

AR Sobel HEFHERERAHSMER, FLIT BAREZHLZR .
3.1.2 Sobel EFinsZHM

Sobel HFHIALRN, REBGZES, FIFHHANHRERSEG#ITS
BRTERHRA . XA MR — MR A%, —MINEENZ%. 3x3K
BN IR AR R BE M SU%T B &IERXER, Sobel HFHER
MK 3—3 Fis.

Sobel HFZ—F—MHAHF . EF AR EFIEXSEKEREERTH
—MREMEE, RERE—ENRERNE, AIEGTRL%. ZHEWD
. .

() EBPHEIAEE, HTHOMARXHHEEREE XM,

M =|G,|+[G,|, H¥ G, 56, Mm% 3—3 BRI 5.
(2) HIEREAREOREENE, B EEPOTMEE, MR

MNFEE (RICFEETh <5), WHHEKRERAF. R4 RME 3-3 (b)
FiR.




AR BAFME RIS F X AR

(a) ZRHATHIRLG AR (b) Z2HJa B &
Bl 3—3 Sobel H &K MER

3.1.3 Sobel EiEByMuH

BGRASERE T E. BT KV RMEET FUS, E&H7 MK
D75, mE3—4 i, ATTERR, XAGHTHRS.

¥ 3—4 Sobel &t A

st J5 1 Sobel HFHEMRIIE 3—4 Fis.
* 3—4 HuHfEH Sobel B R

—1|—2|—1 —2|—1] 0 —1] 0 1 0 1 2
0 0 0 —1] 0 1 -2 0 2 -1/ 0 1
1 2 1 0 1 2 —11 0 1 —2|—1( 0
(a)0 Utk (b) 1 U7 1] (e)2 U%Trm (d) 3 3L%T7 1)
2 1 0 1 0o | —1 0 ({—1|—2
0 0 0 1 0 |—1 2 0 | —2 1 0 |—1
—1|—2]|—1 0 |—1]|—2 1 0 | —1 2 1 0

(d) JA%T5 ) (£) A% T5 ) (g) W& T7 1A (h) L% 718




ARAXBRFHRLENEFMEX E2n

231t % 771 Sobel B 5 EGINE 3—5 (b), EALLIE, FMAPIRE.
Ew, ETEEMESEAE,

(a) RSN Sobel EFRAIZ R (b) Bu/EHY Sobel B FHMZ R
3—5 £} Sobel 1&g R

3.1.4 HEHEEE

HE 3—5 ()4, BRNTEEEAL, XHEREE, mREEREH
HEGHITEGSE, HETRY. M TEREENZEEEASRSRILEEREN
STHERRRER, ATAGRBEER SR EREE RGN L.

HTHRFE, —SEBEERA—&, BiREGREEE[Z,2,] A

—tehfo]. MESPE—KEHZ H—HHr, TREMNEBE—KELZ, H
—ths, BRr, sNHHL:
O<sr=<1, O=ss=l1
HITE G2 F oAU B 12
s=T(r) 317 r=T"s)
NP T(r) A BE S, LI LE TR

(D) T(r)7E0=r < 1KIMARHMEHRL, HRiFmHE.




ARARBRFHMEENEFAEX FE 23T

) T(r)E0sr s IKEAHLO<T(r)<1.
BE R P (r) 0 P,(s) 53 BN R EHE R #e /5 TR (0 2 BE B0 28 2 1 6 5

R ERSMER, ZESMP()MT()r, BT (s)th 2HEMK, WP (s)aT
Rk

P(s)- R -17() 59

HAFRBEEPRERAN—MTEHREERIYEN, bREETZIRSE,
EERGHRBRTEER, BERREBRTREZNERE. XMHFE#THEL
BWEP(s)=1, s€[01], dAR(3-8)TE:

ds = P;)(r(Zd)r = P’l(r) = R(r)dr ‘ (3-9)

M
s =T(r)=j'P,(w)dw (3-10)

MTHFEETS, [IHESENAN:

0s7, <1

(3-11)
k=01K,L-1

Pr(rk)=n7k {

R L REGKESH, P ) RELANKEREHROBME, o ZERSD

BAANKERNIBER n REBRRGEY.
AT HATHET E b, MR (3-9) M (3-10) W KA 2 iR 4L
X Qh; 0=<T, =<1 ~
S, =T(r,)= jZOR(rj)= ;7 {k=0’1,K Lo (3-12)
Hy St AT LK B2 B B S AL S B R A B SVE R O A B RS R T AT ER 43
o FHAHEIKGE KEEM L, NEAETA.
o REIC (3-12) sKAFAR e J5 IR & I BE s L ) 8 K FE R BN T 15 B 1R R
Wik, B 3—6 (b) AL E T EBERERMERG.




ARERBRFMEEIEZAEX F24m

(a) ZEHHTHIEBR (b) ZH Ja B
K3—6 BB

3.2 %53

3.2.1 g EIEA

BG E R B R— R B X, ARG XX BT REE, A
BRI 3 B AR IR R RFE, KRG EEE BB HIR. BR
SEIFERR R F R FARBE BT, Bk i, BBRL LRSS
BETHEXHX AL EREAR, REXBEIALE, A KIRAHEE
FEYE S E A R B, TARX R MBS AR ER. KEE—4
i R R TR RNES, REENERE.

B& B0 ERENAEME—R, E5NAGS. NSARNAX, HTHE
BRI RERFIEERAERE. A%, 4. 4K, Juk. &3, K.
B, BRERBIRISE, LS E0K, BRI ARMEE. FREME. T
foik. BRERIESE. BEBRT, MM HEARK M 5K ESAEKE T i E 5,
BN RF A REE, KREGRIIE,

BMET, T=Tlx,p(x)f(x)], XE flx)RAxHKEY, ple)RREAA

R F— L x AP O TR TP RESR. 2RETLBEHEKR(x)




ARRBAFmLELEFEX F25H

EX A
255 flx,y)>T

gLy )={0 fle,y)sT

3.2.2 B{ERYIEER

53 ) B (B3 % (0 ME B VE BB SY W0 1R 3 1 G FEE R R (R 3 43T 1 TE R 1
BEERAR, EFIERENHRAAER, EHKEK XNSERKENHIH
AEFR. —BRASRMIRGEBRE, BEF AT BRI MSHARTTEH
KB EIBIE, LdT5ik, WRENE REAANZNE . &3+, FtaK
BEHERMR L TRMZmZ P, FASTRA TR RA P RAER T E
#E 52 2 T TFR

B Otsu T 1978 R MMB KRBT EiE, B—HIIERLRIEN—FA
N RER U vk, A SR RAE A o B> R R BB A 3 & H R
i), HEGPRENREIIZRER D ARE, WREHTESK, KPEZ
STEIBCRISF, FrCARZERTT Z1E A HEN R, BIE R T ER KA.

BB f P, KEHRiNBRENEE R, WSBEHEER:

N = Zni (3-13)

B IR HILBIBER A -

n; _
Pi=y (3-14)
B KBSk HBE, BEBDIHAE, KEH O~k FBREMKE N
k+1~LEBRENHETRAMB, AR B KIMEN -

k

Pa= 2 p; (3-15)

L

Ps = Zp,- (3-16)

i=k+1




ERXBRFMLElE R 526 T

K AR B B FIIKBE S A -

=i21*p, (3—}7)
w, L 2;‘*1;,. (3-18)
Py i%h
B FEIKE 0, A
w, =2i*p,. =w,p,+0yPp (3-19)
A B BEIIKB G ZER:
0% = pal0 -] + pylwp -0, (3-20)

RRE KRR T ZMAER, N 1B LS, KB, (£5K(3-20)
BOKH ke BV DX 3807 31 0 B
Mo TEBSEBME, B RERETEMLE. MRRRERGERA
KEMENTREFTEEL, WHEKEERHA 0, TS KEEBA 255,
(255 g(x,y)>k
f(xy)= {0 g(x,y)s K

3.2.3 FESE

L Otsu ik, KHEGSEIRET . RRERGEREKEL f(x), —M4

255  flx)>T

fe)=T BH R

R EREREEKEY N g(x), WH: g(x)= {

K] 3—7 (b) iz




AARBEXRFEmMEREEFAE

L / A Bsa i Vi
(a) ZEHeAi IR (b) Zz e fa I PR
B 3—7 BIEFEH MG

3.2.4 XigisE

“ELERER, ERTHEERLLES, XENTHRER, AERSTHE
AN, BBz BEARES:. AT HBXSETHRENERN, AP, RATET
X 35k By B 1% 43 i 7 RO AR EAT 23

() #EELARX

4 R FZTFBERBKIR, 7T LSS EIEBHER KIS n M FEER,, Ry, -
R, MR

n

(a)iL;Jl=Ro

(b) R &—NEBHIXIR, 1=1, 2, =, no
(C)RNR,=¢, XMHTHMIR, injo
(@) P(R,)=TRUE, Xt Fi=1, 2, ==, n.
(e) PR, UR, )=FALSE, XFi=j.

P(R, ) 5k SEHEAY R, 5 OB AR, ¢ R4,

St (o) A BB T RN B, BMRRLIR T —AX. %0F0)




ARAXEBXFMEEIEZARX E 28T

R K 1 S LS AR RIHE MR R . 450 (c) 8 BAAS R X 3856 2
AHAAZ o 5t (d ) 15 RRAE 23 E1 X 358 P 1R 25 06200505 2 B R — Bl I i R BT R, 9
MR EBMERNKEY, PR )=TRUE. BJE, &1 ()HBXER, MR, X TF

1Hid P —AFR .

(2) XigEHK

DX 45 A A R — T AR 78 0 S8 SR HE DR AR 28 B 7 X3R4 AU K X i
. BATERU—A “M7” GITEREM TR GENRKERRAE
s SE TS ) KA SRR FE N B A K X B — M L.

SR B M E G —E G, EBUKEER 255 BE AT T R, HAH
FIRERAHBER R AR — MK, BRI EER TR — Wi R & Al

REARIEREN b ANTHEEM 15 M50, KB BRI IR S, &

WIR B AR A BB, MNBRRKEEEN 0. B 3-8 (b) AL X
AEERERER.

(a) ZEHLHTRI & (b) A5 HI KR
K 3—8 XEIHEIGR

3.2.5 BRHIER

i EREnaEtnEEg, BRAEZGEER T T RAEN, B2
s AR BB AL TR, RMLEGHES, RENEET. B8, UM




AR RBRFM L EZAE 297

KW e BB EH R, R NG avr sk B AR BURL & A B it &
Ak, SO MR SAT T A 2 IS SR SE Lt B A

MR EGEEERE B —MEGREH L. HERSFRAT
G MBEEE R T, TTAESMAERZIEM G ER, XHEWRE
THREEHESGIEEREN, FENRGBLAUSENFRNERIEE™. &
PG A B B T 2 2 AT DUSEER IR B 4R 5 F LT S BRI HE A H 1Y

MiEH 2 e st BRI ITKIEE, REREXNEGRSATRMEE, Gl
RS E, HERZR—REMEENROMNAKHE O, Kd/NAER
R ISR, TRMAIEMNBRAL. MEEREHS e, AHBXRIEREZ
HEVEAB, HEXH: A*B=(A®B)OB. A®B HEAGWIKEH, HiEd

S E B EBEKEHE FETE REITRMEH.
(1) B BEAKk
hRWEET I, AABXEKEIE A0B, HE X H:

A®B=}lB, 1 4}, BREIBLEHWTEB FBa/5BEB,, £B,HF4, iT

TiXAa s FTAHRR LREZMAH o SARKEETRE A% B KSR . ikt
M TE B E X AKFI 0, FHTCHE M RN ET — R R E &AL AR R

et Yy, SR AMTRROA, ANERES, Bk ERETpKESE
rgER, ik 3—9 (b) fims.

(a) ZZHHTHIEER ‘ (b) ZE# i HI BB
K 3—9 RIEH G AL A&




PR S B A S el S8 3T % 30 1

(2) Elfg G
S T B R R K OB R ST, TERIE ST © . AR B ORI E M

AOB, HEXH: AGB=1a|B, C A}, MRICLEMTEB VB FBHB,, &
B,AGTFA, it Fari, Fitiihe bib%ttta HARMNESHNEABIE
TR, FRUTIRMMEHINGMTEB, KT, SHTENEES
BTN I OG5 ATE R TEE S, B b BT — T 2R o 9 B H AR R I 0 1
LRI ST HR A, RS I 3—10 (b) FiR.

yAVA

(a) ZEHATHIEA (b) R J5 &
K 3—10 M2 5 ks KR

3.3 $ERhzk BRAYTAN S RER

3.3.1 &Lk BARRURE ARG PRI TES

HFEEHL TS SRR, Gl R 4w B TEFR & (I
B 3—11), ZLERSEWEBARNRE, SRDCERHEFRILTS LR
=LA, WHER, E2d—RILEZE, TERSFESDER,
i CABEAT Befuh 2% B b5 2 B UL AC L A B, 0 Rakfpbsk B 4B R ILACH IR,
¥ LS BIMER )3k LT S 3UE .




AR REREMT R AL EN !

(a) HBLEY (b) &%
B 3—11 RELERBE

B TR e i ERTE T 2 ML LA S HEINERR T, RERVMIL
B, BHREZHTRYER. LkE, SdAmdrEEe, BamA Bt
ZWBHIAL, TEBRUEA BiR SRS SLRIT IR .

(1) A B H AR RGN E L HEN

LUHERHIER 3—12 iy 1. 3 BT EX, 2. 4 EEP R
i, BNAIACAH P B AR IR E SR, B ARG RIBBIIALT

PAL s 1024 AR —IXIER . TEHLUEWS P P HITE 1. 3 BT
X A5, P SERRHLC, FHBMESREN,, EREIC, FTHME[EN,,
P, SAERBILC, IR B SR N,, EREILC, FHMBELZEN,. N,v N1
1~1024 782 A, N,, N, 761024 ~20487ulHlZ M. EXR L, P X P A
s, PREPTLEL00 Fik, MBEAN, BHLAMERLLN, K, RELN,
BEhOSAKEEEN, K. RIEME GBSO 1024 AEEKK/AS, BIE




BRARBAFML NS FAIEX F32H

KL B AR AR I RC R R, Bl — B ERHL P & b0 R 1024 AEBEE KA B s Y
A—BEHFE LR 1024 RER KB ER , HARPME RILE.

3—12 R AL E S FE 0 £ B ARt B A

(2 HEHRERE-RBNELHBRN, S—RENELHEN

BRI LU B AR A I BCIEIE DL AT e : — BARILEE 1. 3 R, 5
—BARHIAE 2. 3. 5. 6 BEXI; BE—HIFLIE 2. 4 BEKH, 5—
HARMBLZE 2. 3. 5. 6 Rk XslN. Filmblink 3—13 FroeitEoihfl, BRI

Wik, BARP . P& S5 B IERENL C, F ki 7, S FHREN.C, M
F» P PR S MRAT ECMA M. 7EBEN.C, P EFR P BIRR GN, %
fE1~1024 75N, P, ISR SN, WTIATE 1024~2048 Z 8], P, P, ZEBEHLC,

HIRE SN, N 97161024 ~ 2048 2 8], HFRE P ETLE 00 MR P,




FRERBAFMEENEFLEX $ 33

R, N,BEFOE 1024 MEERSLEN, K, FER TR BERRGILREXR: §

SEHE HARERGHITRIME SALEXR, 7 1~1024 KA KRS TR 57
—REVEF L RZHRE S, FIROPIRE GILA.

0/

A 3—13
(3) A5 B#r H ARG I S ry FM)
BArm P PARXTHBRGHIN S, HWRERGILELSK RMHIL, W
Bl 3—14 fisR. PEERRIGHLC, PG S N, KA1 ~ 1024 RN, ERIBILC,

PRI S N, FE 1024~2048 [X[8), BIrm PR XRE PRIFHKR.

E3RAMT, TEFEL~1024 JEE IR S 5 5 B — R ML 1024~2048 30 A Y
% mILEC




PR B R F T A E F A 3 £33

B 3—14 BWHEGHL LRSS BEses SN E

3.3.2 fEfhch h{E fh & AREY

B ZEABITIES, BEEKFOL00 B—iE, EEM&EE EH—
FEHPHSHEAL, TENERTOBITHE, Bk R 2 Emd i
REEASOHES, WE3—-15F1ocC.

A B

O/

B 3—15 hr il ERERK




AR RBRFH NS FAEX % 3571

EHLXE, FhPONLEREL, FRBHEEMENR L ERZEN=
A, B 3—16 Fias. CAZEARROBUEE AR, B x FOR A PO LR

PABKR, N L(o )RR SR, L, Ly ARAER A A, BIIHHE,
FT UL AB %5 2 1) B B £ For H (B W 2R 5 RE R «

LB _LA

(x-a), x€Ela,b] (3-21)
b-a

L(x)=LA +

AL(x)

UNE BT B ,
L A onC
Av:a »
VA

3—16 HriifEHe R

WEEAY, Wx=ver, SNEAEHHEBRZTER:

Lf)=LeLagu_0), te[ﬁ,é] 3-22)
b-a (Y
SRR, B AR T T A2 "Zﬁ’) - LZ . ‘f v

3.3.3 BHrRIRAEIRER

FERES BB R )G, BILIREREF)X R PUEMEEEE, ATUE T —
W AS S EIHN S REHENBAER: HEF—WhoSHHY2ER
WARIZIME BRI T —Wl, ERT—WihiZa 4 4 BNnER; BEE
HHITHIN S B S T — iR SR RA S B AT ILAS, DR e BREFHXE
% BENRIT A AWML & I T — i B S IR, 73 BIERER I B
BRERFA T RMINE S, WEET2MMEE, RS W7 IR LR




FEARBRFREENEF LN %36 71

KRS X R

MIEIREE ERMM LR RRASH: —RERWEIREE, SetilamiE IR
B, REHUEHNEGLEBRFHTLR. —2AREEREN, %XE
PR — WM 7R AL B R R BEAT TR, AR EARIER AR, KA ET
fH. ZRUIKNNREE, BERFISEFRENMREALEE, RZEF AR
BRR SRR B X, PR ERER R R R R Bt H AiotR A& R0 H 3

A CAEMBENECA RGN BE S, MIEEGKEENAR, HiE
B A . SMERNPOAE R BN TEE.

WERBIE R R A AN 2D AE B ZETR 5 7] KRG B
5, WBARKPOE:

N =hth (3-23)
2
ARSI
d=n,-n (3-24)
NIRRT 4 B A rho oA B R AIE N -
AN(t)=N()- Nt -1) (3-25)

i EA oA e g, SRESUR RS BAR TR =A S 50kR, B —MXARS
Hetvatk, SHBETREIRKRRARN,, d, AN()SHE, sHRE— kil
B HIBASY, 456 SAhd i B L0, SECRRRIFRIE 5 KRGS HE.

SRERTEREMLL B AR AOFERI R G 0T W R R Gt iR BB 2 18]
MRAEK. BT DURIE R LB & BiRm AR as, BT —wiE &+
B ARk LA E

RIE W ZIEARRI ORI B A N(), i3 (3-25) BIZNTE +1 16 %) H bR TR
WA K -

N(t+1)=N(t)+AN(r +1) (3-26)

P AN (e +1) T 18T JUITENG P 10 AN () K HEAT (6B, AU TR SRRt oL aT 4n,

».




FARRBAFHTENEFAEX FII

B AT BB ) AN (), X BOIME (R s m st i oK, ZEAS SO R AT T BAF R (3-27)

B DTAL L0 AN (¢ + 1) f&5 4.
AN(t +1)= %AN(t)+:1‘—AN(t -1)+%AN(t -2) (3-27)
FirEd:
N(t+1)=N(t)+%AN(t)+%AN(t—1)+%AN(t—2) (3-28)
TiE R PR EEREO: ‘
[NE)-k+d(e), N()+k*d(t)] (3-29)

WOTH2+k*d(t), Kb dl)he R BaSRE, K REEEELNHZR
FH. BT RN AR AN RS, USRS DN EERREY,
BNESEETMRIR, HERBBIEER, & =1+%H:$’iéiﬁo SRR

FRERY, #REOSRENEGSBRERX, FONEMEERL, P
DURERW M S, A —EMBENFE. SEFORRIEME, FHZMLE
MRS ERTRINGE, THEAN(+1), d(+1), FHFSHEE.

HBORTAL, PIXEMANA N RER R, ERREEMERRL, X
B BT HARARIE LT R R AR IR R I TR ST AR . BT $5 3B I I
FIRE R, FEANHEALNIREER.




AERXBAFMEENEZR X F38 ;M

¥ 4E MNRZERIRESWH

ELEET, AMISEREYINGRMERE. WERAA K. WEF
BATE. WERSFMFRAURMNETAEFR KR, MENELEREHN
HEZMFE—EER, BRMNBIRE. RELEFARE S A REIRE.
BRREMBRRE . :

ERERRTHERERRRRRRER DI, WELS RN ER
HMELER X BYNEME 4, MEEMEE. HHENERAREXER. RE
A o> AR R E E, AHXHRE E, Pifk, 23R RHA

E,=X-4, (4-1)

E, = X;’A" x100% (4-2)

BN A R —NEEMRS, EXFTUESESD, BT EHEYR
- RERAZEMNEW, LEEERTRERRM. FHit, BHXMAEEEX, ¥
REMEBATRERE, W @-DF 4-2)XEEN

E,=x-x, (4-3)

E = X;X" x100% (4-4)

0

WA M SR BB NAH R, ACEMHIHRR, Bk
TGN OETEMER A, ARIUENh, RS h . BT
A R R E S SR E, R E, %%, HSHEESRME, ME, Fm, 1
#

E,=H -H=h"-h (4-5)

E,=R -R (4-6)




BRERBAFHEENEFMIBEN 397

Eah
h +h

0

(4-7)

Erh=—ELh=
H

E Lo (4-8)
R

L PR R LTS EA LR+, REMNERE diff & REMIRT)IR
ZEmH. BSREREFRPOLOLELBTO—HMBERT, diFIHdEm
EEERZEMNEFIIANBHRRENRSRE, NIEFSERENALLE, &
MR B A BN EERERUTHATE: F—, WEIEFRERAE
R B2, BENENELRES, HIEERERNEWN. RIIRERHER
P ER, HTFRIMEEEPOLMEBLE T LERR, REEVIRE.

4.1 BRGNMRESMAERRSIEMRE

FIEREBITI, MARELETRETRIEENEEESE, TSR
ER—AEANERER, MEME—EEENARLSEEER. mE 4-1
B, BREHLC RS A KB IEAN BB T R, MRENLC, WK B =
HMEGEESASELETRE, 4. BRAERGITRBGHESKE—
BAE, i, NHA. BREHKRSH, #ITERMELMSERN, AnTE
REIRTAEMEIRE,

X FE1 SCAE2 SZFEL SZHE2
B
0C.C,
- > -
L L
(a) PefhskmEiRE 2 Hrid (b) #EAbLRI U EIRZ ST

] 4-1 RS E AR5 IR AT




[ N T e e X v 1 R

ARSI R RO, 4B RGHUR R 2 MR G B RN, $ 1
BLC, 7€ B SURBER FTAABIME BT, SRHRNLC, 26 4 SRR BT 51 18
AL, SRR F bR E R LR R R L A R SRR A R e —
%l

BBHBHLC, B RR B E I (B TP R L B R 0 An L R RIS
WEH dw, REDEMNBRREAE: N =N, +d1+ 20, WA

_ brgf + 51024 - N})

/ _
8h b-5(1024- N, }g6 (4-9)
B P E A
R =£_ﬂ§ﬂ_/_ (4-10)
2 tga+tgf’
B mrE .
H =H. 4k =H, +3*8a*8B (4-11)
° °" tga+igp’
Bk b E AL & AR=R-R’ (4-12)
B SR & AH =H -H' (4-13)

SRR R RS, PRIV SMNERR, RIERREIT ALK
BRI RR LR K. LRGP E M, EALTET PO G ML
AP, AR ZE. BRI FEETERE Y =200km/h, #EPEL =50m, R =300mm,
H =6000mm, WIAFFILERE A, F=EARRREMLSERPHERE, MK
4-1 FirRe R M RBBHURFEREE, Ax RRRGHAFFREE G2 B E

PR,




FBRRBAFML S F e

FHNR

KA1 REHRFERLEARTRIREM R

At (ms) 0 0.1 1 1.3 10 100

Ax (mm) 0 5. 556 55. 556 72.222 | 555.556 | 5555.556
H' (um) 6000 6000. 345 | 6003.581 | 6004.644 | 6035.710 | 6358.005
R’ (mm) 300 299.823 | 299.533 | 299.133 | 293.542 | 233.333
E_, (mm) 0 0.345 3.581 4. 644 35.710 | 358.005
E, %) 0 0. 006 0. 060 0.077 0. 595 5. 967
E ; (mm) 0 -0. 177 0. 467 0. 867 -6.458 | -66.667
E . (%) 0 0. 059 -0. 156 -0. 289 -2. 153 ~22.222

Zotrarfn, SR AT 1 3ms B, BB EMEERHLEIRZEL /DT 5,
FFFREL AL 0. 3%, SER hIRHAR L FIRAIRZ 0 L2 AT

ER RGBT IR, 7 PRBiT R MERI RIFRIEOL T, RARS
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