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Abstract

Maglev train is a new type of ground tracked transport tool, which advantages
such as non-contact suspension and propulsion, superspeed run, comfortable ride
quality, friendly environment compatibility are attractive and competitive in the 21
century. In the past thirty years, the research and development (R&D) in maglev
techﬁology had made a great progress. Nowadays, German high-speed
electromagnetic suspension (EMS) transport system—Transrapid and Japanese
electrodynamic suspension (EDS) maglev train—MLXO01 is ready to the revenue
application. Moreover, China had obtained the key technologies of electromagnetic
suspension and guidance from the R&D on medium-low speed EMS maglev vehicle
since the early 1980s, and few demonstration lines of low-speed EMS maglev train
had been constructed in the last few years. Recently, Shanghai high-speed maglev
railway adopting the German Transrapid technology is preparing for first test run.
The above-mentioned development in maglev technology shows that maglev railway
1s coming into our life. However, it is well know that the dynamic responses of
maglev ground transportation system have important consequents for system safety
and ride comfort of passenger, guideway design, and system costs. So the study of
maglev vehicle system dynamics is necessary and important to boost the application
technology of maglev railway in our country.

In this dissertation, studies on the magnet/rail relationship, the interaction of
maglev vehicle/elevated-guideway systems, the random vibration of maglev vehicle,
the lateral dynamics and curve negotiation of maglev vehicle are carried out by
means of theoretic analysis and numerical simulation. The purposes of the paper are
to reveal the dynamic characteristics of electromagnetic suspension, to show the
dynamic interaction between maglev vehicle and the elevated-guideway, to evaluate
ride quality and curve negotiation performance of maglev vehicle, and to obtain the
guidelines of optimization design of maglev dynamic system. The main contents and
results are as follows.

Since the electromagnetic forces have strong influence on dynamic responses of
maglev vehicle/guideway system, the study of magnet/rail relationship is the key and
fundamental content in maglev system dynamics. Chapter II firstly investigates the
dynamic stiffness and damping of electromagnetic suspension considering the

mechanical-electromagnetic coupling field and suspension control system, as well as
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the guidance stiffness and damping under the passive control and active control.

Subsequently, the dynamic model of magnet/rail interaction embodying a single

magnet suspension system and the flexible guideway is established to simulate the
system dynamic responses in the takeoff operation. Numerical results show that the
mechanic performance of electromagnetic suspension. And they also show that the
suspension instability results from the irrational configuration of system frequencies.
Chapter II provide the basic theory for the frequency design of maglev
vehicle/guideway systems and magnet/rail model for the following dynamic
simulation of maglev system.

Due to the strong coupling interaction between maglev vehicle and the
elevated-guideway, Chapter 111 calculates the vertical dynamic responses of maglev
vehicle/guideway system based on German TRO6 maglev vehicle and the Emsland
guideway structure including the single-span concrete beam and the two-span steel
beam. The numerical results indicate that the mid-span displacement of guideway is
less than the allowable value when TRO6 runs over whichever kind of guideway at
360km/h speed, and the comparative studies between the maglev vehicle/guideway
interaction and the whee!-rail vehicle/bridge interaction show that the ride quality of
TRO6 maglev vehicle is much better than that of the wheel-rail vehicle, and the
dynamic effect of maglev vehicle on small span beam is smaller than that of
wheel-rail vehicle. The conclusions in this chapter can guide the design of secondary
suspension system and guideway structure. Additionally, the dynamic responses of
the Qingcheng Mountains maglev vehicle/guideway system are simulated and
analyzed in the end of Chapter I11.

The ride quality 1s an important dynamic performance to maglev vehicle. In
Chapter 1V, the three-subsection PSD model of guideway irregularities considering
the special characteristics of guideway construction and the irregularity
managements is introduced to simulate random excitation of guideway. And the
random responses of maglev vehicle on the rigid ground and the flexible
elevated-guideway are simulated and analyzed to evaluate the ride quality of maglev
vehicle. The simulation results show that the dominant frequencies of maglev vehicle
vibration range from 0.5Hz to 1Hz. And the PSD of carbody acceleration is less than
the UTACYV ride quality guidelines. The Sperling ride index of maglev vehicle is less
than 2.5, which indicates the ride quality of maglev vehicle is excellent.

There is not special guidance magnet in the medium-low speed EMS maglev
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vehicle. The guidance of maglev vehicle depends on the lateral component of
electromagnetic suspension force. But both the vertical and lateral displacement of
the module has alternate influence on the electromagnetic force. So it is necessary to
analyze the lateral motion of maglev vehicle in order to evaluate the lateral safety,
the lateral comfort and the curve negotiation performance. Chapter V establishes the
spatial model of the medium-low speed maglev vehicle to calculate the lateral
dynamic response in the cases of passive guidance and active guidance, the
centrically arrangement and offset arrangement of electromagnets. As a result, the
comparative analyses indicate active guidance can improve evidently the lateral
dynamic performances of maglev vehicle. In Chapter V, the dynamic curve
negotiation of maglev vehicle is also investigated in two curve guideway cases—the
300m-radius curve with 1° superelevation angle and the 1100m-radius curve without
superelevation. A cubical parabolic transition curve with the benefit of smoothing
superelevation grade is suggested to be applied in maglev curve guideway because it
can decrease the vehicle vertical impact on the jump-off point and end-point of the
transition curve. Meanwhile, the numerical results are benefit to the improvement of
bogie structure and the selection of magnet physical and electric parameters as well
as the curve configure.

The dissertation investigates roundly maglev vehicle system dynamics including
the fundamental magnet/rail relationship, maglev vehicle/guideway interaction, the
vertical random vibration and the lateral dynamics of maglev vehicle. So it supplies a
gap of maglev vehicle dynamics in China and follows up the scent of abroad maglev
railway technology. And it will advance the theoretic and application level of maglev

railway technology in China.

Key words: maglev vehicle; guideway, elevated-beam; dynamics; active control;

curve negotiation; ride quality; random vibration
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RS FHEENRRER, XAELBIETIDE. LEEHH™E
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S #H 8) &% EDS (Electrodynamic Suspension); (4) & &8 § HTS (High
Temperature Superconductor):&¥%; (SVEEHERT, U EAMELRREF M
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WEVEZE TROS, ZZAG@E T T 18 E B 2 3% BRLE N A H AR UGEF Tl 2 210
it, FHEFECSE LEREMBTFLARA, EEE, £H. BANTELEH
ZXRETETYNEEL RSB EEREMERE. HNTEENS, HEAH
FHEFARKEALSERK, BHoEE TRENKEBSEEHENE
MLX01, HEERBHEEIXT T 550kmh, BRRRFT B KRG %R AELESR
BT H. B4, BRPREHTEFELERS HSST-100 THEH T 9.2km

Nagoya RIFLE, HETEERRHMELE 2005 FZMBFE NS L ERiz
Z

[ = I}

TEBE A EMENBEIEETIEE R R RN L 5.
1.2.1 EEBEZINEFZARAEZR

1922 S H T.#2) Hermann Kemper & K% B85 Bl ByE 5 2048k 442,
T 1934 FRE T HIEHSTFRBRMEREF], IREMLL 156kg % 17 KL A
RNESE T RS, BANEFEEHEE 210kg, HE LHE 60 F{CHH
mAERART TKENHPSE, EMS BFSEAR THEARTITH. 1960 1
E Krauss-Maffei A a}#li&E 7 — & 80kg HIHEFFEMA, HEFER EHEE
G A ik, FENEK Sm, CRIER T HEMNEMEBREAE, Bk
[HiE'E w44 TROL. HKEREIISHIRME, Krauss-Maffei 2 78 #) T TRO2.
TRO4 PIPMRARZE, XLEMAR EMS BEEIEH THEZEFENTITYE, BE
AR TRET ATRRG B HEEFIMS, EEEEERESIME. BT
AREME, XHEEREL, FHITRE 200km/h LLEIRSHEZ, HI0EE)
K, EREREWDEBEHERZERHZE. 1974 £, Krauss-Maffei 2 7 F
MBB fiZQRKAERK, MNEBFINESHOMSERMUTR, HT 1979
FEREBEGFEERE LHEH T RAM BRI TROS BIFENE, BT
“HRRT. BIFERBRUA RGBS BIFEEIMS, VISR T EMS ST
FIEMEA TEREMEHER", TRO6. TRO7. TRO8 MI%/& T TROS f
BIFRFRVHIEAFIE, Ho TROS £ETF 20 tH4E 80. 90 FRBMEFE 4
LIK TRO7 +FiRKIETEHEE K RERE SRS TER, ER0T—
FERGHEA, BE. &, TH. 2F T FAOHESERETER A, %




ARZEAXFHETHREFMIE L £5M
1-1 3t T 108 [ % 2 BT 3 FRIHGIEFE, B 1-2 4 Transrapid08 77 =58 4514
y 38

#1-1%EEMS BZVNTEHAER
F K HE B BIREME B

i S =4 i L

{m} [14] im) {mm) (kmh)
MAGNETMOBIL 1971 LIM 76 5.8 660 10 %0
TR(2 1972 LIM 1.7 113 930 15 164
TRO4 1975 LIM i5 20 2,400 12 253
KOMET M 1977 BN &5 11 1,300 14 400
TROS 1979 LSM 26 36 908 10 90
TROG{ ™ F #a ) 1983 LSM 54 102 31,500 10 400
TRO{ 4 4 di ) 1988 LSM 51 106 31,500 16 500
TROS =7 &) 1999 LSM 7% 149 31,500 10 500

= 2 SUER KRBT 4 PH
5 BiTHs: o TolE 7 HaEEk s RiTE

[ 12 $EERE T 5% TROS 45 455 IS
122 BEEZINERRER

H AR BB S AT 20 2 70 EAFH, AXABKEDLTFHRE
EDS MEFEHZER AF R, 1972 26 INR #Eth 4 @ T M HLIKEh T ML100
BTN A, 1977 FEM 7Ton KSR, HEFHTH T W5/,
MLS00 R F7E 1448 QI T S17km/h AU AT : By T RUBE [ RET
ERWAE A HEAS, 1979 FERIREIE0EN U RIgREE. 1980




£ oMW AEXBEAXAFEITHAREZNILEX
AE INR #H N S i 48 4 MLUO0O | FHUG1E 0E fa 1Y = Uik g £k Histy,
117 NRAENERIE 6zl k. 1987 42 H A RTRI #EH 17 A @lisi
#F M £ MLU002, "SR H! 19 M CHE B8 S 2 T%(SCM, - Superconducting
Magnet) ¥ [a] Q4RI EE R IV T T . 2 R FIHEDE RUTABG 5 0, 12 42400 bar sl £k bt
7 000 8 1 T8 AR 1991 45 MLUO002 78 - IRiRM 12 1T P K KRR, Bl R
mRﬁﬁT&ﬁmMUﬁMN1%0&&¢%ﬁﬂ5ﬁ*m%ﬁﬂﬂﬁ“
TR 42.8km 911 A7 80 46 R BUF BRIt 90 &, M 18.4km B EY 17 1993
i@m,ww&ﬁA@%%@w@nﬂé$wmmlH%&m%mﬁmﬁﬁt
WAT AR E AT, JP A T 552kmvh (R B 8 AT 0 L ok LA &
1003kmvh HIIE M &4 M MR e S, ' 12 90 7 HAESEF N FEW R R
g2, & 1-3 P g H A MLXO B84 CAE JE Ao 2 .

& 1-2 H A& EDS BLFE R B R

B 4E MK BIFAE Bk

O FAC A
un) (L (m) (mm) tkin/h)
ML 100) 1972 LIM 7.0 353 249 100 60
ML300 1977 [.IM 135 10 7.000 29 100 317
MLUOOT (724 1Y80 LSM 28.3 10 7.000 #4140 332
MLU002 1987 [LSM 22 17 7000 77 40 394
MLUOO2N (=.4") 1993 LSM 22 1Y 7.000 74 40 431
MI1.X01 1997 LSM 78 80 14.800 79 40 s32
l_Tl y_J {}
N NS NHs
@ >b’\
S LN SHN
1—'1 r‘ﬁ
(a) I (b)y &7

B3 B AR MLXOT W5 4 | AE s g P

(F INR A G b W7 AU 8 [, TR ALY SO T PR s S S
414~ HSST(High Speed Surface Transport) (#7712, HSST KA T 11 115258
(VT S fg, BRI R . 1975 4F JAL S 7 HSST-01 77 47,
TR CRE BRI, BB BN AR b AUl UL
1.6km Pl L2 sl il ) 307 Skm/h ¥ B mr e s, (R & 1 s
H 4B . 1976 4F JAL HUAHT R HSST-02, K 7/ MESD, HRERk | 64
WA, B S A o 2 ORI, (R A Bk 2 IR IR s I LA R 2




ABRXBAXFEIHAREFMIEX 17
BIRBRIAEE. 1985 FREBGREENS L, JAL #HTEREH. #
REEMIR) HSST-03, %EXRA T AEA S BB kIER G, INENTRMRER
¥, ALUSHIHSST BEZESHET THESE, 198 FHEMNS LHAREW
HSST-04 FIAIE N & B HBIHSST-05 ZE 5540 _E KB # 4k & T HSST-03 4544
1989 4 JAL. EHE 52 H /R Nagoya)dkif A G BCA AL T P E EEH EIZ %
(CHSST)JF &K~ 7, #H HSST-100. HSST-200 #1 HSST-300 =K i A% SR
FONERS, HXHA HSST-100 #ERAIEE Nagoya FImkE, T 2005 &
EatttEas FHRAEIT. R 1-3 51 T HA EMS #iF 5% HSST RIIKI R Bt
2, B 1-4 & HSST-05 MR E MR BELEME.

%13 BHE EMS BiEHEHARRE
K HE  BK  BEFAR  BARE

25 FiU wEAR (m) ® (m) (mm) (km/h)
HSST-01 1975 - 42 1 1,600 13 308
HSST-02 1978 - 6.84 18 1,600 8~10 110
HSST-03 1984 6 13.8 12.3 450 11 60
HSST-04 1987 8 19.4 198 330 9 43
HSST-05(FR %) 1989 8 36.5 39.5 568 9 55
HSST-100S 1994 6 8.5 10 1,530 8 100
HSST-100L 1993 10 14.5 15 1,530 8 100 -

bLY T

B 1-4 B2 HSST-05 M FEi ML E




EIm HREXAAFHELIHAREFAMAIEX
1.2.3 ENMEHEEREFNERAEZR

(1) %H

LEARBREFHRUBEINEEAFRMERZ —, %E Sussex K%¥.
Warwick A% Derby £k B H A F O M 20 42 70 FRKIFF B AH EMS #EF 5
EHRH A3, 1974 FRE Derby SBEHRPLORBRT K 3.5m. BE 2.7t BF
[A)E 15mm #9 EMS BiiF %, RFERE Sussex K¥ERBEM T Jayawant F Sinha 5%
NBFHIE LIM BR3069165E EMS BEiFZEP, 1984 4 PMG(People Mover Group)
EREHAHRFETE LFREFLEFE—AABIBEEFREESK
620m FIREEFLEDY, HEBBEERRA T BHkED, P 8FRE
15Smm, FAHAE 2t, FE 3, KEHH 6mX2.25mX3m, ER40 A, BTE
¥ Sakm/h. 1996 S0 AMIBF & EIR & LT XA, T/LFREZEEEFIIER
AR RAK.
(2) %H

EEBFHNEHAMRES R, SME TEMEBCHR. 1963 FXRYHE ¥
K Powell 53R T EDS MEUFZBMMED!, EEEE AR, HEERSE,
MIT 2% E&EFHRUETERARTRB AN, BRTIHEENEEESES
BHHEHEAREZE, M 1975 FF) 1990 F, K EBUFE X HEE S EBARF
REEBIE 15 F, XEEREABRMNTHE/\E, TE+MMEFNFX, B L
HAERSERHI T Bhif mBEIRE], KR EBUF A T 1990 F XI5 2.75 {25 7T
XRRENERROTR, HRE T EHFRXEFS E R R NMI(National
Maglev Initiative), ZEvH %I F) 55 —PrBA R E# 5 1000 TR T T LS ERLR
W& € X (SCD, System Concept Definition), H Bechte. Foster-Miller. Grumman
1 Magneplane 2y 8] 2 3k 8 [ Bz DA R H U A F K HEE RGM S, BAN
4~ SCD #* HF Grumman RE N FIE EMS HiF R4, HEHERE EDS £4.
1993 E7E R [H Argonne EIZK ERFZTHIS 13 fa B Fr#1F & W E(Maglev’93),
ERVUABAT & BRIHESZE SCD 4T TRE . B 5 3£ EBUF &L
GMSA(Government Maglev System Assessment)/NH A 7 ¥ X4 SCD, ¥
i15i5E TGV. {88 TRO7 UK HA MLU001 H#AT T HAK K. XE NMI
WHIKE =R ek, TRKERHEMCHERNER, Fran
AT, EERFGBEFEMMTZAREMEHRT, REWNT 2 RF5EEFER
Mk vt X, 40 California BEVFH#ES WRI(E &L — 82— Ui nin., B2
IR BT 28, Washington—Baltimore REBIFLIE %, HFEREZEEMHS]
g E A B A R RS E R AR MR,




ARMXBEAFELIMREFEMNILX Eom

(3) &KX

REMERMST AR, BFREIR, BRE. TLEEBMAOES, TiE
i, BEHMERERFEELE. MZURBNATERM E, WA EEE
FREUEH O RS KARETE. FHE 70 EARMNEAEH L K. McGill
KFEH Queen K¥EBKA UL T HIFHR A, LR BRI REE 480km/h.
K 36m. 8K 100 A BF B 150mm #5558 SWEZHE B R4, 1979
FINZE RO H LSM 5| EDS RIFHBERB L. e XBEZEFERRS
SERFRLBARL, BFEHENBARISIERMRALAR D, B TH#EERK.
(4) JRIpExR

IR IR BRHE R B E AR 6 VRS T L 4D 70 - 4%, JFRST T BETRIRLIT 51 4
R AL, TERESAHMEE T 600m KRR L, MIZHET 01, BFEH
20mm. [GREFERJE W EHHERK 2km & EMS BLF R LL, it QSRR
FIX BB R ERTL . BRERBRESE MR ARMREREE, HEH
BROEIR 20 SEHIBLZA U 29, BFH) T EMS. EDS. PMS(GKELRTE)% £ Fhil
HFRARE, EHEPSRBREAMR M TR TE.
(5) ¥t

ISR L SRR P FE A R R AR K, 2001 Sl HHEH T E KA @t
LI NRP41, BEEREZARMEFEXETR, HPRERFEETER AN
FHIZRFNEEE JIn+ HEE RS SwissmetroP S 7 LSM 3K 5) . EMS
&VF, BEPZEK 80m, H23.2m, ZATEH T 60~300m FEREER, &
EHNR Sm, BETSENHEYTER 18000m EFEKAE, WEBKENEDE
AL Swissmetro AT H N L —1ER% 5 FEIEMZLKCIES L. 200249
A% 17 f& H PREETE 2 IU(MAGLEV’2002) 7 5% -+ B 5 R A % (Swiss Federal
Institute of Technology)251T, BUEXN HHEFEFNERARERK—HEE.
(6) Fh

 E P HEE AR 1985 R, 1993 FAFE AHERERS &, I
RE T 520m 3l LR T R H A HSST HARM EMS BEZEH UTM-01,
ZEK 18m, BFEK 12mm, BE 23t, HR 40 A, HEEE 50km/h, Baj
B EZ R ER SRR, UTM-02 S8R RN 2, 34k Daewoo ik
BT ERSTHWBIESZE, FHEAE 100 KEKEE Li#T TR . £ 15,
16 BEREF SN L, BERREZRUTFEARILI.

#F ERBERRRTBEFNEMRN, FERE. EEH. BXH. BA%
R T HENERAKAR. FLJEW Timisoara 55 # B 7E 1976 i
T % G HESF & Magnibus-01, 1985 Sl tH & 36t KB ABETE & Magnibus-02,




EI0OR AT EXFEIAREFMNLEX

RE MBI EREARP AN L 80 FRITHE, SLHREAE T KE EMS BEHF S
EREMHASITTA LIRE T ERRHR, THIRESFEZTEATFIULT
EFRMSCRA, A SCRTE T TR E 75 m A R R L 5B

1.3 FEEZFIERROLZRER

R HE 5 ARG R RH T it 80 40 M, KA. EEE
KR E N R EITRE FEEIITFRAD AR RA, Bi13FEARTE
R “NL” BERBKME “HETFRBEAF SN, HT LML %
EACHRGER I EMS BERTFIAREDY. RESTN 20 FMEEFRAHA S
RECERERER T HIRIE EMS BFFIERTF . FM. #EdE, BHEXRTA
U3, B CHATEARERSITIE, WK 500m KFMLRESIERTE
ST RECHRARERRBBE, HPRAEESEE 204m KERAREE&CDE
EIBITHN km, 75, AR EFRBEBEERRL T RETFRIE
FHEE TR T 5 H A HSST-100 #EEF FARUIE /4, BRH T 8 o gk e
BEeFEFMAN. £ 15 3[FTREEFEFSFERORITALRE, B 1-5
AP 1-6 W) 43 J7) 4y 78 v A2 A0 [ B A4 X i o6l A e o ol R B 7

& 14 PEF FEITIEDARR B
(K HE i &7 (B

i B #4 HEES = = o i RrlL 2t
SWITU-01" 1994 2 4 4 43 BE~10 TR K
CMS-01 1905 2 3.38 6 10 B~ Cl UL N
CHN-01 199¢ 2 6.5 2 36 B—10 PR
CFC-01 2001 6 1.2 18 28 E—10 WEER
CMS-03 2001 L] 1S 19 204 E~10 ERG R

* SWITU-01 AN AEELAT (UBT T .

B 1-5 CFC-01 #3374 &) 1.6 CMS-03 i3




AEYBXFEIHREZMIEXL Fll R
HEETFIESATRFIZEPAETREESHIHEA L, aE5HAE
(300~S00km/h) B 7 S ZEH AR B SR/ 2001 4F 3 H E#§HT SEEE Transrapid
International . Siemens. Adtranz 1 Thyssen Krupp 2 81U T O EH Bl
FRIEMEFLNTMBE 4R, LREEMEITFEKXATEE Transrapid08 BT REE,
MR A Hirfly T s 1 33km, BSEITEE 430kn/h, FHR
w0 LART, R CHEMA L &mEmEsmsld. Ba, HEE
R R R T, MERRIRECL IS EREE, B T 2002 4%
Himdieir. M 1-7 FI T bl @iy eken iy EE v il daks, @ 1-8 A4 L
L LS | PF ) TransrapidO8 MEVFE 4 .

17 bR L EE RN Pl 1-8 b i Bl 5 R A B8 TROS BIE 5

A, EHAEEPESTFEANA S EERE, AEZEE. b8
BRRETH . it eRMAREREE LR ITESREFEENFEARITR
) BEAE Y8, WAl AT 2000 4F 12 ABF R R LB R A SR
SHFLR T, hEEREREEFEFETN EHART T EESSLAHKFE, #E
B EE 230kg, BEEHE S30kg B BIPE 23mm, WERE AR OTELET
¥ 6 /MY . PUEIALE K FEiRAS ST L% £ A YBaCuO & S5 NeFeB 7k
MYUEZ RN F AR ERT, el F AT AN SR o A AR ) [
5, ceHERERERL. BFTuRE. ARE. #hSRg, théEn
AHEAEE . FRE EER RS SRS, RS TET Y E R
ML AC W X —F R, B 19 APl A TR A Bk e
WF TR LR REE.

o sl R
ik
[ W 11 sl 1 M ) AsERHR

— —7 m\_/g
{ e } bl

K19 ARIEARGESET LR TSN TREE




¥ 120 AEXBAYBLRAEFLRX
1.4 BFERMARGE ) FRAH L LR

1.4.1 2R FEM N FERARAB SHIE

MERESEME T aACE, HEMEL T Ems) %/, B
FEMRRE N X EQREI IR BAT RS $LE i K,
X = RKE S R EEYWMAMESNF DA RAMZ ST RN, &, 7
ERAMULRFEREH S, LWMEBESEREHNHTR.

MR RERREN N EARTRIERRA N 1%, XREA: ()N T
RIRAM S, HERF R LR F IR T UM AR 205 7,
HE LS AAEHE “Bitl” b QESFHEETRAREAHE,
BT BIREE A BRAER 60~70%), BiiZEENT SR NERE, X{HE
HiFRAEMNBEERILARY,; QHMBZRACETER FRAA. ETA
4. BHBHRANBEFRE, MBEFNNRAR—IIHEBEGRKERLE, R4
[ GEBATHAL S T AL 5 HBERE, (4)% EMS BEERVIZEM 5, BET hE
NMESHIRS, BEMNF AR g L E R (RRE/ X R), Bk,
RAEV R FRF B R R RN E T EMS HLF ER RS ) ¥0t
REKEAS, BRERFERE.

142 BSHEREENREAREZREN

B L=, & PHBZFERARIN D FAHFRLRELL- -2 K E R ES
H RGN, TRIFEFIBARARE S 2 EMS BF 5 ER AR R K. 20
et 70 FAX, AN AR AHBIFEM(s). BB SH( s )T e Gk B () X i
KRR RIS HI T iE T BB EH RO (05 20 #4280, 90 &
R FE R UK ASHESIEARNERRE, RERLME T LQG ik, HHiars;
WEsEL, H, SEEHE e Hik, BEBEA. S HEAR. R Mg LHAR
ARARLE N E) EMS BERFRHI RGO, LR E M S EMS B
77 P H AR T 09 7 50 A B AR A — 4 155 8 B4 [ ot

[ A Gottzein F1%[E A Jayawant. Sinha & H 7 [ & 5 FFeR07E ) 435 &
AR E, Gottzein™ “IZEHE H 38 —CHEIF & MBB R KOMET #i% 4
BRI, AR T BRI R AR T IR 4 UM AL IS HI(SMC,  Single Magnet
Controller) A f 7i%, HERWMREZE (5,5, A5 )CRE a A 15 5)sk
(s, A)REIRAES), FRBHRZMBEGR S RBHTERNA. EhE
FIREREHESHORE, BRI HE% MARBKESHEES, LES




AEXBAFEIMREFMALX F13RW

BRE 4 FAR, REBBHRENREE, RAREME: RAG,s, AR
A RBHI 2 B AL IS G R A REE AP BISN 3 A T BRER SRR 84
AN MR 2 Rl 33 5 X e R BR R T BB K /ANE R KB, 2435 I 8454 aa, BX
H\2g /s, (8 HENMBLE, s WBERZTAME), BESTRANERD; &
Rl AT R 2R L A 2 2 4% i SR M — [R) B2 b (airgap control) FIE &85
ll(platform mode), BI#H {E1FHHZ EMERENE KBRFAR TR, f5E MWL
MESE BT, BRSIRER . MM . EE¥#E Gottzein™ 9,

Meisinger'®'). Cramer®®% A\ 7F 20 142 70 &AL 0 BE B I3 35 ) SRS F 75 v OB 53
4 RFE TRO4~08 LT LA K HSST BER EP BRI TR A, il T “Bi” %
SHIHI. FEEA Sinha £EFF OB — B E1F B RRIE S H B AR
¥%, B8 Sinha* PRRT RABFER. REYOEE . REBMEE. B
KEBERIARAST AR BRISHHEZ RS, FETBHMBERSATaEENE
WP REIEIRRITN BZ ISR AR 20 tHED 90 4K Sinhal* it — £ 14 %1
FEHMAZNEZARZABMFEWRAR TP, B4, HEEFKEED
Anselmo 1 Robertto!s”). Macled 1 Goodall!®® 145 7F s i B V2 I I A H E L FF
BT —LEmf5.

BREY FUSENNERHERPOAREAITAFERRANRES ST
G TRAKEE, HpdEE EMS BFHERFZFHEREREC LB
ER AR MAE CHEY T PHRE T B ARIE T AL R B BRI
BAE, RS EE A R AR R R IR BRI, AME T BT 5 L s
BRBEEASBEHRATIE, NMMRIEBZRZLENREEN: BETFAENRE
RE#UMBZM PD £, RIERZRFRBENEEN, ZBEBFEHER
SZEERMAMTELEARRRIT. AT AKLESER="Y. kg,
R VS BRI SE. RETANER S BAS S BRI E AL AT
T athAgRE, MNPTRRREABE KR RARETNVHBRRIF. i,
PG 3958 KIERE T RMBEAR 32 o717 e L RIZ IR IR Ho ik 1w AL
LTI AT T HREMR.

BHIRG, ERSE IR EMS BIZFEREFREFIRERNZ KA T HEMR
SRBEHRS, BRTEH XA T H.-8EEHSRAEHA %, mREEH
THZET/LENEE, LELAXKREE T 5SEMERR, BFENKuE
EHIEARHRRRES E.

1.43 BN ERG W EMRHEEMK

BRI ER GBI FRR AL THAWERIE B, — >R 20 42 90
FRZTUN N ZEHEA LI BEFRMREIERNER ~ R RE HHREN




g 14m AEAXTBAAFEEIHMREFRMIEX
fk, X—A 3 E K Popp™®, Kortum™*), £E MIT BZHIF/ A B4,
H < ff) Nagai- Matsuura %1%, 22 Agronne B &K LK E ) Cai F1 Chen!!**'
%2 IRt R ATE K, 20 e o0 £RLLUE, MEEEMHAKEEHZ R
RRVIRGRERL, RPN ERA) HENBSIT R LA S ) M EE IR 5 8UE
HEMEEN R HEEMESBRUATENE, ANBENETSIN
FHIFH IR IR
1.4.3.1 BEFERRG) HIRELR

fE EMS HiF RA T, FEhiSHIN ERF AR LR ARER, B, HiF
WERGKH e RRABEHKONMEZ —, HHLRMS B REESH
ARBRT 4 EE. LD 70~80 FNX, EEH. XENEFLFHETTE EMS
RuEHNERFEHEANHRS, FRTE&EERRAREHETFR, BN
hE¥RERE, HERBENMEZRERSHREENR. Gottzein> YV ER
Bii#% MBB. KOMET. TR04. TROS HyE&EHEHIBAHAS, BETE LI
S5RBHRAHE S AE, WE T S EP G S B E S AR AT
ER—PERAVS AR ERELBRRENTL TS, B IRESFIEE
FF, EMSHIF RN HRREME KB TG SR, MRERNH
TEREREN NFER, REENBEERBZ. I-NHEES%E
Meisinger®}, Cramer'®”. Kortum®V#4F EMS B4R EMBIZITHIBHT T AHBLEY
W7, FEA Sinha% & T HUE NI T B EREMRRE M B,
KARPEEN AR E THEZEREREERT T SHAR. N, R
MU 22 E TR E SESFEHIEAR, B1145H T EMS BLF RE5) HisE
MTRREARER AR, NUBHNEEERRASINEZNRAAEFTEENH
e . 0 Popp™E UL EAFFRIBERE b, BERAGRERIBOLEEH, BT
nE 1-10 Fros B R — s 2R E, #RHERTER—RERERK
SN I1E 778, 12 Floquet WK RS A HAZE REBIF-IREM T IR M & %
HE, B AR KR EEANEGEFR)RBAT | RIPEREMIEEM,
FRO-DAEHTGTE, Q-2 EERGERE—NHI FRA, R03)REL
) F1 3 T R A0 700 1 U

u(t) = -K x(1) (1-1)
Y(1) = A(t,x)Y (1) + B(1, x) (1-2)
lo|<1l (=12,n) (1-3)

AH, AN =A@+T), B(t)=B@+T), u AFEHRE, K AFRBEEERE, x
JREHE, THIEFEY, o HHRAN-DKIFFRIFER.




‘I

B8 1-10 Popp #1 TRO5 R&iahH %4 i RiEl

HEFRKWBERUBEINERYS e
KARRBSHEBEKSCMFEHEE | 218 2 BE 3 iR
MR, B89 e FnEE, Tme J BEOT 0 Rk o BEA
NBFEGRIGEN, BXHFARRERIE 10AD#KE 1VOK 12 — RBH
EDS M EM—SERAMR— e 1 AEE 1 RRER
FEWERS, BEEELHRFARE AR B -1 Nagai “R EZ)EHINEDS BiF LB EE
PeP1% 80 EDS HEhBF M RRN, E— L& THRAMEBHME, XER
AR FRERTEMR TR, Eit, HA%E Nagai®™ U@ ikt mLe 3y
ERULKR ZRBHEN ISR HEIRSE H A8 S RHZE RS /158058 25 p
HAEFEM, HEMIE 1-11 IR SRF B EDS BIFEME h &g, B
—REEXHUENEHN ENTSHRE, BRHEEAEFRENMAES S5
REAIMEH, HMIAGRRH_REDBERRERERAZNRERE. £HAWL
R AR RS, Yoshioka ZPIE MLXO01 Fifi% 2R 58 AR oh R AR
H FEBERENRE, X2FENHA EDS BiFEMiiE &/ NEE E 100km/h
Ao, RETHSEEEZE IMIFRAAHDEEALL, MEE THERMRLITRE
KU EDS RAGRFAEM.

ME,. HEEFEH4NEAEHN 2R THIFERT RS SFHRA -,
XE¥EFEAMEFERAEN NFHEIITNEREHEMN AR THEHIT T KREW
T, B4 1842 4 Earnshaw!" R4 T # ) & ¥ Earnshaw FEHE: M AL 877
MEAL KB IR R E R e s Ei s, RAEHE a1 EA FeAR]
REFPILAETEMNE. INEHEMNERAMERE SHERFIKERZFARES
BREHI TR TREAIEEN, 53X Moon!'™ "% Earnshaw EIEHET BIPURE M
BB EMEIE RN ENARE . AERNFT L, Chu A1 Moon" 8 HI T
B HA L 5 F ML-500 #iF s iR 6, FRM A EDS BiF £HiR
N XAEHR RFRMER: 20 42 00 A, fEEE NML it XI%EB) T Argonne
ZF LW Caiv Chen ZU 38 57 TR EDS KRR (B 1-12), AIEhZ
BN RERENHIREEHITEEVIR. EE¥ENZEHRATERN THER




g 16 R ARATBAFHEIHREFMIEX
EDS #ii% R4 51 11 REQHI I EARNE, 127em
B ILHET R TR ESCH EDS #iF
SERZKF IR EHELEBAL.
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Q)FE MR KiEs)

% 8
Jsd+zc.xlai (y.s'ux _ysbi)-’-zks F) (y.w y.s‘bi) =0 (3-3)
i=1 i=1

AP, LERBINZRZABESNESAKEBENNE, HEEERE.
(3)HLF% ] BRULIFIE B

m y +ZC (pr ygj)‘*‘Z"’ (y,,,—ygj)— ZC (y iy ybj)
J=2-1 (3-4)
- Zk.,- (Vypy = V) =0

AP, Yy BB INERREFE AN RBHE LIRERABE, HHERN
(4) B3 1) 48 3 SkIZ 3
Jpﬁl +icplpj (ypuv - ygij)+ikplw‘(ypui} _ygu an sby (yw Vs bJ
= ;f (3-5)
- Z kslxb} (.y.mj -y .l’bj) =0

J=21-1

Kb, Loy Ly s by BANA—. ZRBENEBNER RS LENNHE, HH
BIERS.

322 BEEXRHINFFRE

X435 Bernoulli-Euler B X ZMMMAIRS), — R EHBASME
(3618 B Ry ZHIRIEREN M2 AR AT R RN




% 44 ] AEXBEXFEITREFMIEX
Y e 0y 3-6
Elax" +C61+m62t F(x,1) (3-6)

Y60 = 34,94, 0) G-7)
TS Fx0 =3 08~

ms n’P - - .
L= (G478 +6,0m = 1) +h,(m = y,)  (51-16)
l, x,-vt=0

d(x, —vr) :{ ’

0, x,—-vtz0

KG-6)F, EI RRMEFANSRE, c REWIER, n WBOHEEE, £
BPLETHEEBNER, you ym MBINE LR AR R EE 0 E It
SHRE. XG-T)F. d)RIE n HESRE ()R n AT EE. 4
TREG-HAKGB-6), HFAEERPWIERHE, EEAREEMS 2

0.(0+24,0,40)+ 024(0) =3 (), (x) (3-8)
A, ¢J@=J5mm%?) O<x</)
o, ="y |EL n=1, 2, 3..)
/ m

At IO RIEEEE, N, RN ( BTASURE LB RG-2-(-5). (3-8)4
T MR ETE A S MR R L R E MBS N EM S A,
323 MEEERNNEHIE

WiFees P B EERE ASHEELSHBESHENER, KELUET AW
PEIL AR, 37 AN PR B I FE M R AR SR IR S Y SR R 1 SR [ 138)
PAPFEM PR, KRBT,
(1) BiRIAxE

EIEG RO B A MERRBE M, FHAREINSEESR, 42

My 4y 55 B BE I PR B 4 2R, HEBHE AN
46M, =0 (3-9)

3 1 1 :
l‘.[ ’ = - , * | o3 g7 i iy o 4 = T,
A, 6 m#mmm me‘Mﬁ¢@imﬂ@mW%ﬁ A M=0Hh

ESURN B BIREFE R~ HANKAIRMERGL—#, M0 i, A2




ARAXEXFEIHREFMEX A4S R
AL 5 120K (3-10), RARIZ G FERBHFMEIEA % 3.93. 7.07. 1021, ...,
IR RIELRE —HEFRRE. B2, WEEERMEHFHRETHERAG-11)
G—FR

tanhf/ = tangl (3-10)
El
w, =B, |— (3-11)
m
(n+Dm .
itq:', ﬂ,-lz 5 l—l, 3, 5, 7,
393, 7.07, 1021, 1335, -+ i =2,468,-

(2) AR

*ﬁ@ﬂﬁﬁ?ﬁﬁyﬁﬁ AR MRS RBEB AR, R BRGIEEA
ANEI=BHENE, ZAETAMBEESELL, BRANBEEEHEER
TEBERR E’Jﬁﬁmﬁﬁ%"“”'

y(x )_—ZEI,B (M, cos fx — M chfix +

-M, co§ pl+M,, sin fx+
sin 1 shp!

R, i ivl RAXAT, PRI x UBKEAXAARS, M A i S48
MEREIN B, B RE T AR NS R T

M chfl - M (3-12)
,C ﬂ - +1 ShﬂX)

. sin B shfx )
RTE A= sin #i shpl G-13)
B @, (x) = cos fx — chfix - 1+:;0;]ﬂ] sin fx + 1::;;8[ shfx (3-14)

B G R R - AN KSR E R SR,
(3) EERHFRIRIGIE

M ERRIEASERH, PMBEEERZERNHET TER

§.()+ 24, 0.4(1) + 07q(r) = Mf DNACTREY (3-19)
X, M :Tgaj(x)dx , KG-2)~(3-5) G-15)HM T HiVF M5 s i

0

BRBEBNNZF R TITEA




£ 46 T AECEAFEIHAREFARX
3.24 HHEFE-FERKE

T BB EERER, MEFHRETRERRNNEAEAE
EINTFH— A

MX+CX+KX=P (3-16)
A, X X, X5RERBERAEWT XA, #EMMERE: M. C. K
AR RBERANRE. MEARIEMERE; PAI a8k, 33X (3-16)H
S AR AR, LME— R PO ESES UM 8 3 Runge-Kutta 3%, BiE ST
My FERB—REMREFTEH, FEEPRSTEMN 4 K, BHHE(NAHT
KA T AR B )7 % i) B SR AR RS v B S P 18, ST AT il i, A =R T gt
BH— MR ERE R AR, KRS
X, =X, +V At +(J2+B)A A - A, AP
{VM =V +(1+y)A At - 94, Al
KA, f. phBRyEH, —BEBCE 05 X V. A AUB. EEMNMEERE.
At ARG E K, ZHFEAERDI IR LEFREENMAHEAEA, AU RER
B, METESER, FIEEKMAETENNFAT, EEFAKBER-
EHE AT AR PSR T R IF SR F R B,

3.3 HLFEATRBE RN R H S

F 3-2 F13-3 537 F| T E TRO6 WEF EBHE & Emsland X580 28 5 422
PR, EAEERIE T CIR[12,15,112]. &G LULT BRIZEER G L LN
A HE

(3-17)

#* 3-2 TROG MLVF AR

& B 0 o O LA
EFRRE GER) 29,200 kg
HRERAEE 32,000 ke
—RBERARIRE 6.812x10° N/m

“RBHRKMERE 8.46x10° N * s/m

K 3-3 Emsland 7% £ 8% = 42 B2 43R

B HIR #¥K (m) AEAIE N-m’)  HEH (kg/m)
&) 2 24.768 2.456x10" 3,755

[SlpuRsdis 24.768 1.066x 10" 1.582




AETEAPEIHARESEALX F41H

RHRBE /MBS RANNETREPh, MEEBREILY — R
AEPRER, GO MEPHRR, % 2 HHEEBEN T H 2
RERS5EWEYNM 10 BEEEEBEMKL R AR 33. B33@)T R 2 88
BEBEE TR SOREFRERKER 10 HHEEFERE 2.3 15, TE 3-3(b)
VAR R R R R IR E R E K, T IL, 2 B A EHER T 15 H2
HECARAEEBMRHENL.

10 H R ZEMEA T, MRIELE S BRI RIED WA NN B H
REEFHEEANEOBRK, RAWNGES RLHER, B NBRAHETEHR
AR, RNEL2WUBLRESH —MSENNME, EHE— S8R,
AT E T R) . B 3-3 LT N ST HIECR 1. 2. 4 AR R s I
EhEELY, HERR, VB2, 4 REMYHLLFES, ANEELA
M RGeS N B 4 BTRIT IR LUK 43 . Rk, % TRO6 BY4GA~ e pE k%
BEH A — D E P HN=4) BRI A R S 0 AR B R RIR h, DR E R
ZRAAEEMAMBEN, X5 Cai"PVER T 53R B 555/ 50 14838 4
BWAFERUN BT REEIENEEIIMREL N 8 MELE M. A5
WEGEER, RREEFKEN Iom LR, K3 DR, SRESEE
AN¥A 12 BRET,

16 16 .
( . SDOFEMEM |- 2DOFESEME - - - 10-DOF MBI (v-2)
- 10-DOF ESRHERI (V=1 . —10_DOF$%*§’¥ —_— I(I-DOFE%@;Q(NN)
AN - - - 10-DOFESHE R v=2) ,_.E osf =D LN S
E xt : 10-DOF AR (=) = / \ J .
£ gitd r R K '
% 4 -ig 0o W
& O . ; IR i
g o oo N
S ¥ g5t N ‘o
il |t
L v=360km/h T I*=360kmsh
X L L . 4 1 a 1.0 L ) 1 1
1 02 03 4 0.5 00 01 02 13 4 )
Bf 18] s 5t (8] s
(a) (b)

B 3.3 AREIZERIERIN BT /AR A BAD) R L
3.3.1 #iZEMERLISRRRAZKBNTSNN

AVHETHTRELFXRIBE LR ELRE FRIFERS HEND)
HEmEy, RAFLTRENBEAB S, EHEFDHN 360kmh. E
3-4(a)~(b) B T AMEH T RANS) T 2. B 3-4(a)r] W, 48 H
BRAKBEEKRY 6mm, HEBESERKEPHE /DT 4mm, EEEZ KB F00N
FRIZER; B 3-40)RABMEBREN T EHMER K REZEEMER; & 3-4(c)




¥ 48 | AETAXRFHEIAREFUILEX

RIEE AL A RIRY phsk, R MFESESLR R RKARESCRE D
B 3-4(d) BV S IR [ I A B R BR SRR T B IE R E A, K& KEL A
0.15g. &KE, 4 TRO6 BEBZEMULL 360km/h 1% FEAT I 70 B AR P = R VR %
LRk bR, FEAMEEAZ0.1nvs?, /AN THEE ICE AEEM 0.125g KIR{E;
TRt B h B K E WA/ TEE XS FE#E 200kmv/h L LB 25m LT GkBEHF
2 1/1200 LEELIRME 20.8mm. HEMELMH TRELFXRERBEERE
BEZEM ARG RIS hF WA e 5, PRSI FHIF ER S IERBh S i Y B
BAFRER LR EMREWT.

L ggi%i’%ﬁ&?&m 0.5) R
6 . o L =0. | —— REL AEEER
TN, 1R RS R 9) ot
£l : £
®oot i
5 E 0.0
£ £ H
# .

-2 =01 r—

) 1=360kivh V=360kin/h

. —— — A —e L .l L

000 025 0 S0 075 1.00 000 0.25 0.50 0.75 100

Bt fd] s Bt (8] /s
(a) (b)

- % |- -BRRIMER — RELFABEAR
£ E T, . . .
s 2 N
T 2.
= T
o ! W \
% w0
# g
fr ]
T3t 1=360kin/h & L F=360lnh

0on 012s8 030 078 100 .00 02s8 0 Sty U5 100

BT,T 6 s » BTT [B_: ‘s
() (d)

B 3-4 BT EARR b BRI R SR BN
3.3.2 HLEEM/ANGE TR RGBSR

HRAEE Emsland RERENEWFHBELES U, BMEBFEHERE
HEnzh Ny RE 3-5. HE 3-5@)F R, NEUHBERETRAHREEY
10mm, /NTHNEERIGE 1/1200 H2#8 tLFRE(20.8mm); & 3-5(b) B/R E 16N & &
KEXE] 0.25m/st, KT B 3-40b)FiBEELH TR &AM 0.1m/s?, E{METF
ICE g% 0.125g BIE M MEBRE. B E7 R, Emsland #0555 @ 48
ZH)t, RIETHBREFRSHRREORE R, RERITFMERENKLT;
mEHE EEmERE I EEEEZULFT R RN ERARENER, T2




ARXBXFEEHLIHREFMLX F4m

&% [ Emsland #1110 P S E S R R AR LK.
12 oA
| e B—Ha-05) _
sk SN — B-Rwi-1s) Y
£ Ew 01 i
oAl J | )
gg @ 00
;?;: B \/ ‘.‘ E 01
ES o ’ Wl
\‘ '(’ ﬁ N |
At e V=360km/h o
1 n 1 .03 ! L | V=3s0kwh
oon 025 0.50 075 1.00 0.00 0.25 050 078 100
Bt (& s B8] us
(a) (b)

4 R 10 Mrad
1 IIJ = [ P)

S [CIHCHRE) DR EE ab/msl
T = v T

“ty L i 1 1 "
.00 025 0 50 075 100 0.00 0.25 0.50 0.75 1 00

Bt 18] s Bt (8] s
(©) ' (d)

B 3-5 SMEEAIPIBS SR L RIVE /AR R AR BN MR
3.3.3 ZiRMUIE T/ R GRS R 69 B0

FEMNHFERES HEAEWIRA, FHEE Emsland BRHEMLE, &
LR R R VAAD BN 579%m/h. 587km/h, KT ESIRHHHIIEITE
FE 400km/h. [ 3-6(a). (b)RFETE 0~1000km/h {EEHWEEF BA TR ML R F
A KERIEE L, HFEAT R, Emsland BF R EFHE 400km/h L
AR R R R SREFERINE R ST, Hm s i 4 2wt
MY RERE. HNEE TRO6 5 Emsland HFHRE HBESEHKE, &
RIZAT IR E B IF A 400km/h (L, iX— A 5124 41k Emsland BiF £ R 1 E
%%F%‘@Eiﬁﬁ 420kmv/h. IE#E BE 400km Y4 HI. HE 3-6 7 W 650km/h

ENEASHEBETERE, RERE, ERAEFLB AR W infEE,
iﬁ’ﬁ% R RERK. BRE, 400km/h KIBITEECEE RS KIEHZINE
BEEENE, EEH TR0 BEZE S Emsland K& 1 BCE & A BEH 2
500km/h B EEIEAT, X— AEBREAESLEMR Y EBEEE AN MUES.




¥ 50Mm AEXBEXFEIHREFMRX

16 08
---- BHEWXR
| — AR EER

---- BRI R
— AW ELR

/ms*

g -
] 06
£ =
12 R
EL
- ﬂoa
oo %'
i £
2 oo = 1 S el
g: \(r- = o2 - . Temeolll.
e e L ¥
o T T &
------- &
------ | 1 L n 00 1 1 L
Q0 200 400 600 ROO 1000 0 200 400 600 g00 1000
I it ETE Vkm)
(a) (b)

B 3-6 T8 0 HAVE 2 5/ B BT R S5 ) v [ R = )
3.4 BETFIE S0 E R EX S N R LR

R, RSB ARLE, AFTERUEE. 8. BAAREXREE
B RS, HEEMD). RESEREER AR 5153km/h, TH TR
FWRERMPTBRIMIERERMR, LhHZEREHET 250~300km/h. BRED
ERREKBARIURREBRKERREE, O T BEE LRERES
g—%k (RES—XM) BiaEts, RitetiE 160~250km. B B F KK
HRMFENESARFRNR, CELRENEAELRE, 5IHEERRELE
AN E KPS 2 SR EKYA 35km ME SR EEEESERTIE
BRI EALERE, WETHRRIZIT. NiZl, BiYeEsRsHh s
BEAOCHERERSSEHERE, 2EREMTSEREFLIE, FTUEA
IR S5 &4 T RENAMERE, TAIELIERNERSEREEN. AZX
X R BRI ERT A RED D VE AT EE T, LME AR B I ZENT
WA N IERE —NEW RN AR,

FIESVERTRIE . MR R B0 1 B 1R R R B Ak e R R i Y 1R
by L. P4, NERRAFEESANTE, fAMIEER O R B2
—, LA 70 44 Matsuura®!, Nagai®™ $t L5 T H 28 MLS00 #8 SREE 5 22
MHTERmERPINENHRH HER; #E. ONESERERREERS,
P EIE X R R 2 BT e h R R RERE R LSS EH
SMNELE T AR R E ) EXT S E S I (E T R E A Sk, AT RLER R AR
R E WX RN ZAERRAT TS HIRH . KT LB 57 Bl
iz AL RBENEFR-VIERSH %R E, R EETIE S
FE S R (e AR VAR AR, U RE R B
EEPETERMARSE. TEBNBXAERIARLRER.




AEXBAYEIHRESMHMIEX Es1 !\
34.1 SERPINES LA E/ERER

R EEKE RO KB RERENY, 55 R AWM TGS
PREL, —AHHEF AN, B R RS TR RAIE . L
HAAkEH &A%, ANREZEKEL2K 125.7km, HPHFEE 9%, 25
HE2EH 25%. AXXERENETELB A THIERESHNEREREN
LRI

il 3-7 iR, BEEFRTUEAREE —R. —ABRENERES. BH
RIMBERENASNEZRERE; HBBEEFITEEGNK: BHEHELrs
SRR BERGEFEF A% RAELE. SEIHESEREF 10MEHE,
A A | M 3k ). AT R e m e 2R i S A0 sk iz g . AN X 2 )
&zh. WELEHR Bernoulli-Euler 32, 3Bz Atk RIRIEM: $F
R EEM ) “HESEATHRZ L. H2J13XA Bernoulli-Euler Z3Ri#5A.
AT RERESEH R R EE 5 it W R BREVIRES, AR R T HrE Y
TR EEER.

& 3.7 mERIIESLHREERER

3.42 RILX R AFHE

RYEHESKBE A THEHEER A
AMBESETRPAE LM, BRI
Fo X-REENRRBEMMUANERE R4
TRBH R CRIKEE S, T HETIHE
Rk T EWEREES SR EE, R
EHRBRANA S/ DRSS . A IXET)EE
HEH T AR ERNENERNH R
SAPIRE ES): BEE: 3 UL link s o A T ¥
EAMERN 5E . AR ERE I & 3-8 WHERE HREIE
il 7 (B 3-8).

i Bh i A A O D BLERVE 8 UL R VDT T A AR TR . REURTE




Es2m AEXEXFETHREFMR
A HE, HIER N N UE B Hertz SRR AR BT -

1 3/2
N = (5&) (3-18)
Kb, & REAEMALHERDREESE (m), GHEREMEH (m/N"™),
e 6 UM RN LT R SR E
X FHEEEEER
G =4.57TR™*" x10*(m/N*?*) (3-19)
Xt F B R R
G =3.86R™*™ x10*(m/N**) (3-20)

b, REEHER (m).
SR BESEIR R — MR, SUBORERLNY 1T L T Rk

o=S8N" (3-21)

K, SR Hertz it REMMAEE (NP/m?), MRUARGETS
S =249R°¥ x10"(N**/m?) (HEHESTHELR) (3-22)
S =149R*" x10"(N**/m?) (BHEBEmER) (3-23)

B i 3¢ 2 0T LURR E A IR AR B R AN T K/ . DAHACHT T4 300 &
EEFVEHF, KRS IIEMN DLk 780MPa, TESVREIERM TR R
KRS, BBEAEALIREFIEZITEERNA R, —ARTE 850~1100MPa Z[4].
R E%EGBREMAE"Y, BROBSEMNHRER 1500Mpa( # 4 )
1000Mpa(BEFER), FhAIEMA 71 BR A& & 2300MPa (%) H 1600Mpa( B FE%).
A, AEEBRNIEMNS, TRERSCRENE, BT HER R,

LR R R N EMAEN— NS, BE SRR AR TR
24 SR Ak IR AR A T UL B A (O B E BN T AR 33 A, 1 4 XX
23 WHB N EMORAE . AR EHKREZBIZTIENMWASR . R R,
RESHNEHAZEZHERAGREIERRR, HIXATHZ AR A
8, RmE2ENHS. Sl —REOIMPa LT, BRMKE LHH
BMS5HNFEHL, 25 TR06 MEFERBAFTERRNENUTE, #5555
NS D BN TEE—RE 18~30kN/m.

3.43 BEVNEMFTRSTINRESH

ST L R ER LA A A R T FIRE A I%E, AL
# S TIRLITFIZE TROG LA K F AT T4 300 R 550 Bl FIZE (AR IR300), K3
NETEBEEERERRE, MK 3-4 % 3-5 i3,

W P (=1 2-32m) R4, LI W2 8 S R0 0




AEXBAXFHITHREFMIEX H3m
PR BRAIILERE, B RSEMIE R KB W TR TG H S DUE S
WA IREY, WK 3-6. HP B L<24m RHIAFHEELL A 1/1800, ] 24m< L <80m
REFE L IR{E A 1/1500,
B H A H T4 RSk im0 L X rsshiE, R E 60.64kg, BRI
B 2.059x10"'N/m?, LT EMEEU HEREREMTHEL. M
BEHNESRIERIFELHFNHATH, SR IMTA R K UT AR,
® 3-4 FELER IR300 24

S Y R Y @ B

EhFE 31994 kg

AELYS - g 3333 kg

S mE 1650 kg

EHRALRE 2.1x10° kg.m?

MRS LRE 3200 kg.m?

ZRBHRIEEE) 8.0x10° N/m

— ZRERIE(E) 2.36x10° N/m

ZRABRHMEREEE) 1.0x10° N.s/m

—REHEME(EM) 8.0x10* N.s/m

EiREREZY 8.75 m

(B 2 s BE 2 125 m

¥R 0.43 m

EERE 45.26 t

®3-5 MRZH

¥R z® BEXEE ZHES BENBRIE
(m) (m) (KN/m) (KN/m) (N/m?)
12 12 69.30 75.0 1.15x10%°
16 1.6 79.51 75.0 2.4686x10"
20 2.0 76.72 76.25 4.7201x10"
24 24 87.59 75.0 7.4078x10"°
32 3.0 119.08 75.0 1.5867x10"

7 : Emsland B2 268 SR+ BB ¥ 76 24.858m, HBRIAE 2456x10"N/m’.

3.4.4 BB ZEIFARENND N AT ELEC
ER 31 YRITMEEERBS RSB RESNE AR, 5T




AR E a ms®

A

¥ 54T AEXBERFEITHREFULL
ERMFRFT TIZRBI N EGE. AR, B 39 SN THEESR
BZE L 400km/h SE BB L B A 24m Hr R ZE/H R G0 58 BB S v Y B R B
BT HEEFENRIESPERNHEERTRT2AR, B 3-9 PR Wt
ERAF . 3T FAGI T, BEF RESE AT R AR g & & AE R A5
RN IEEIBE D FROREET, MHEFEETERNFRRERATRAE
B, RAEBHBELTX.

02 —— B EE - | Cl— R _ | — ®iEEE
Lo kHEE SR . T - N Elr- M
S B 1 S U S .
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01 [ r&f ) 1 ) /}( ‘
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00 01 02 03 04 000 0.25 050 075 gen 025 050 075
B 18] rs B 18 us B 18 s
(a) F KRN INIESE (b) HRPEFHE (c) R PMER

329 HESRIEFRGAR RN LB
3.4.5 X BIETI L/ LR 3 1 R B ARG L

AT AR SRS E N EERENE S EE NS e, GBT
HHBE 24am WRERRZEBENFEES 24858mEN 56 7. &
3-10~-3-12 A T AR B BENERNHREEE H MR IT ER
(V=100~500km/h) B9 35 AL ¥4 .

H1& 3-10 I WL, HEIF B ZE IR IR fE A AN E E N 3/ TR 5
EESE, HXMERMETEREREMMA, 5525 V>350km/h 2
UGt R, ROAUZ S EEEHE ST A G RGHFRALEE M. I 3-10
R, EREERPELAAFINMTIRT, RHEES)ZES B ATRED Y
I 4E 400kmvh BA BB EEEIRAD, EARERIRSIIMEER 0.2~0.3m/s?, it
N HEFERRM 1.250vs%, B, RESEGERNERE ST,
FEE A AR B & S R AT & B T R T RE -

Bl 3-11 8] BXf 24m BBEMF RN S, BELRIEZELL 100~500km/h 3 L Hr T
SIRRFRERIE D THEFEEERE, PR/ 30%ER, WEBT/DTHEE
FEEERRME 1/1800. ME 3-12 RARNFEEE IS ROFREMEEEX
THF SR, 3 V<350km/h B, BEMELSK, HAEXMNEHR/D (F 0.5m/s’
LMD, M3 V>350kmvh f5, BERIEREEMK, £ V=450km/h i3 E B K,
WG XA, BIANE, FBEE (V2400km/h) BITE&HT, MEEEE
ol EMFEMERENARNEEEN 113 £4, ANGNED, B{FELLE

e
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., ENEE (L<20m) R L, RUEEEFMERLEZEREFRA 2
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KEMBELARYE. R REREGENET R ABSE T P EEF
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0.38m/s>. B BRI, BB ERGHRIHES T KRR B, A
2SR AT X 2R (R AN AT R R LR RBS h SRR B K, B BEVR R R A ARG
BN AREIR A, BRI R TR T,
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e A T RIEAERA BB B, QRIESIE 5 HERNTIERR
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HF B RN R AR 45K, AL SRS ARRAR R . KSR TRIF M
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F45E HIFEEBENIRS RIZTFERM

HATZ R RBIER T /RS BBERBNZ 4, RETF 4k B N I R 8URh ZE 4
RAMIE BN FIM. ERPEBRAR PR P8, — s sl A
IR 53 g B E ME BB RN AE B B MEURN B K2R, B MR B R A EE B
R R ARG, FEHE R EERPE LRI FIR. BEiFEs) Lk
A-FEBMELETR, HRBNAPFRAS>BSHRAEBRNES T, E
H W RE KRB RA— . ZERBUEZEBROMERFS, &
BRI AR B R & B AP IR SS IS B T, 5B BREHLAS TR 3h R
G BRAEY, ERABETERREFE/SRE . EFRAEN RSN
M, FUAERE Z5 Sperling “FARMEFE AR S0 3 AT B - 5H(AGT, Advanced
Ground Transport)UTACV(Urban Tracked Air-Cushion Vehicle) 4T & il 7 X7 B
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4.1 HZEWENIRIAR A

BatLiRsh = E A ) F RGAEIEREERUR T IR 55 1%, BHph AN
MR A AR S BANEEENSE, REZLEENAST. ARAENEHN
Wz [ AT LU St o T FE IR T, UV EM RS, HRASHETHRE
NBEET A B4R RS, MR AE ZHEMRA: ke, FESHEHARGEMELN
FEOW M RESEL G U TFREB I ERENRR —RTHNE
REM Y TR AR

MX +CX+KX =TX, (4-1)

A, M. C. K 23RS REBEM. EMRIEERE, T HHR5HHR
e, X A XAIBRE, X Z2REAFimARE.

HET, % RZE&MEZKMBEYTIRN S CS T4, ZXH T MR i
Fo WRA Xe=le'”, W X=H(w)e'”, HEIMANR(4-1)RT15 40300 K7 08 R %

' H(w)=[-0*’M +ioC+K]" - T-1 (4-2)
MBEALRSH I, A TEERSE, MRMABBHRESHALMESS AT
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Sl ) K0 N 38T H I R So( ) IR B WT HIK &

8 (@) = |H (@)’ S,, (@) (4-3)
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E@) =[S, (@dw (4-4)
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AL RENIES W AE, EHE 70 FRRET REMNEES 2 TEE
BKLIEZ SR EBBIRA. Popp®™ . Muller B 7 [H B HARLTE S EREHLIR BN AY
BEgith, SR RS TG R RN R ZE M, SIABR A e
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E40 — HhIE RAEPELAR M R IR R R A T MR 5
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HEVEFIZE R B AT N bR H AR BELIE TS, B, AFT R R EkeE
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S(Q) = (m* - m/rad) (4-7)
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(¢) FEXDINEFE B2 (d) REPHE

B 4-11 B ERP LR RS BEIR S W R
% 4-3 BEVFZEW Sperling Fiatkiginid

4534 € (kain/h) 300 350 400 450 500
Hi: O£ B& 1.450 1.487 1.519 1.553 1.588
RN R G ol i 1.617 1.654 1.708 1.939 2.063
BRI A 1.569 1.593 1.621 1.799 1.913
HERFSE SR B 1.911 1.978 2.073 2.381 2.527

) REOHE. BESREEEERES— ¥, 2 Emdand RS HFHBELR

4.5 WF AR Sperling FF TN

A MEFEZERLL 300~500kmv/h TEREIZATE, ZE4KHY Sperling A2t fring
4-3 B, REAMIFIL T R 3-2 PEFseds T RFE B It iR, mHic
mTRETREFEERARTHIEL. BX 43 /[0, BRTREHRHEIELE
SMEEMLL Sookmvh EE BT LR, HE TR FHEEEFH TR/




AEXBAFHIMREEMIEX ¥ 69T
T 25, KEKE GB5599-85 iFEHHERBT “7. & 4-3 L1 BT H A ik
, EMTRMEERER, RAFEMME, MZEBRRLGFEHEHERE
HIEOL T, MMkl T RRER, MRMR S8 AR 5 R4 B
TRIXRER, MEMPAEERRLEE A SRRERIFER S, RAVLFEHHEE.

4.6 RE/NLE

FEIRE T RIEME BRSNS 4 4 5 AR T, B R RIR R
LR RIAIER R RE A PIE AT, SINTHELBRBEVATEIRS B ) #&iE
WA, R ERA FFT BHAMBERSE, TETE T REERENM
s A E SR R &8 ERBEYLIRBIMIAL, FFLL Sperling FARMET R0 e Hh i
5 UTACV EAT R RATE VT LR E WP EAT R, AERINE AL
W R

(1) BFSBRL—MENLRTLAR, MFEEAFHNAK. S BESEH
B 2 B T AR AR BE LA EI; (B SR BEE E M L, 400km/h UL B AR B
1BAT, RSN SRR IR K R FI AL 300m; S BEVE 2 % AN I
EHBKENITEATRHRNESELBOEEKRK (MEAFTE 40m %K. #
TR EEHKE LRIEERET i, XERHEEAUREEFEH
REMBI AR FAREN . Fit, ERAEMHBZEBIENER, SECHH
A BEEE AR, RAE. P, KEASTFINS B R REE LR AT, £
AT

(2) EIE 400km/h B, HhEHZH HEAE RIS EHN 0.5~1Hz; S 5R %R
(B8 K4 25m) L EFE IR A 0.5~1Hz 0 2.2Hz, H A 2.2Hz B9 R e [V
EHFEBNZEEEAESIER; thmLBARE LR SRRk, FihE
[5] DN FE Th L 15 & UTACV ZEGEAT RRATE, TN 4SS P B % 4L 4k PR B
LR INEE Th RIS 2.2Hz R KT UTACV MVE(E, SARGHNITE 5301
MBS 2 UTACV EMELT ST,

(3) WEIFERE R AR EIMRS 55 1 HERE R R AR oK, X R Bt 1 T 37 42 v B
¥, ERERINEER CEREATELRN 0. 1n/s® HME 0.36m/s . AT
PR R B AR B, W 0. 1m/sT BN 0.45mys%: {8 = FhRLITLRE LA
i [6 IE E /DT AGT T4 hEE R WIRE 0.05g: BLF &g A1 IR
YAREERBENEZMIEE /D, FTLIZEE.

(4) BERBMBPEFETHRARRE, BT PREMRALTESERL . F&E
400km/h B, % 1 BT 5 =g MLk % b 2510 Sperling FRATEFRAR 73724 1.519,
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(5) TN T T EMERENILE, EHERAEET, hEmLRRT
muas k. MEME. BREMBERNHEESERTFEXE. E£EE Emsland
iR, MENEBEEREEARNERBRLESXRNMS, ZG5HW
L% FEETE A ERAMERY 2, {B7E 500knvh T, HE KEPIAETEREY
4 2.527.

(6) XTRERITZEM— Sl — R RFERHHLIRSNGE — P S EI R, AIL
EM_RERE. AHAREEH Y, AHLRERSRRELE/LE., NES
¥, IHEEBASFIFAFE KA FIRE X EE.
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E EAH R E RSN . N EMS BT ZEW/IE RA RIS A
BIRE, EMSHIZRKERIMEN L MESIAER, REAXM. s
g EN G AT it E TR, IR ERR T RGNS, EXRANES
WELENN I AE, BB TEHHENERENEHLNG. ME. A4 CF
HEF MR RIEIT PSR IR RPN ERARITESREBHNE, X
RV EMFNERAKIEMAEZMAT, LERfaet @ aIREE, B
AR BiAKE, WHAEDS BiFHZE, EREEME, ERmhK, B
LA MLXO01 & i3iEAT T WM [ 3 ) 88 R T 8RR EE F 4, NAFTE Al sk Fa it 7
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‘ERIRE BN ) R KPR LA T Esh iR B, HREE M A S e i ) 28
st P e/ k. Bk, MEFEERPIMRAZEEIE, 40F R 245
W e T ) SR AE I LL T R R RREE SN, B A EH &R IR FN
F1eis LRz Ny R REBERREY, FRFEHTENEANSH
.
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K 5-3 prFSid B
m— B E (kg):

L—EFEMREHRE (g * m%);

K53 PREBEERTHESEY
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ZEABRESEEABCH M EE (m);
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b— R BHERMIE R L H(m);
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AEXBEXZEIHREFMBX

L~k LB R B (kg * m):
L—F % RE R E kg + m):

my— R T B (kg):

Ly—HEHROEE SR B (kg « mD):
L, — R S SLEF R B (kg » m);
L — PR LIZ TR B (kg * m?):

by, by—F R JR 42 3 S A BRI [ BB 8 (m):
cr—B R R L m SRR 0o 1) BE & (m);
¢z, cy— BB ER S B RRER LA [ 3R B ()
Ry~ B MR R4 3 55 KA S0 2 ] BE B () :
by — B I 1E A R S AR T 1) BB B ()
hy3— Z BB 5 R ZE [ BE () .

5.2.1 HiRERZEEIZ DS

AT RN HFEREH TR, HALINERRRSBMETR I 2,
Sz M EER AT EA - REBOM_RBERRIABEEN. TH
BRI ESE B R RAAEPHATR S, B 5-4 FioR. HA ek
MMZEE &P EMER I, BERRMRES P MUESE.

V4
j,‘.m Fum NIZI o2 Fam
A= f T f N |
/
/ Fszll! £ ubl) F 1 Fszlll
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/7
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Faum Fom F'ym Founy et Fom Fo Fan w 2 Fa Fs"r” Fran

(a) FEZN2ITE
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P N M 7

(b) BT ST
54 BB ERGEMEE S AT
8 5-4 S R T
Fo— 8 i MERREDERE A S RBHAENHE(=1-3, ~1-2)




AEXBXAFELITMREFMIEX $LI5HA

Fon— B i MERREUERE j N RBHENERHBG=1~3, j=1~2);

Foi— 3 i NEMBREDERE j A REBEHE A S EG=1-3, j=1~2):

Fon =3 i NMERBREDERSE /1\_5%%&731}ﬁr‘]5}5(1— ~3, j=1~2);

Foo— 8 i NMERBLEUERE ) NEEAER D B(=1-3. j=1~4);

Foon— 8 i MERREUERE ) N REHER S E(=1-3, j=1~4):

Fo— 8 i AR SR IR SR j N BB IR 1) 7 B (=1~3, j=1~4):

Foor— 58 1 MERSEA HERE j N R SR 2 B(=1~3, j=1~4):

Fo—% i MERRADHMERRE . BELRSZHRERTEG=1-3, j=1~2)

Fo— 3 i MERBEEUBFMERA . BLULEZHNER S BG=1~3, j=3-4);

(1) ZEZ&BHNG=1-3, j=1,2)
HE M\

Fon=K, (z,~ap 7b0, -z, +a,0,,)+C (2, -a, I‘blgc — 2y T A, 0,) (3-1)

ey

e =K (2, ~a0. 7606, -2,, - a0,,)+C,. (2, —a,0, T'bléc =2y —A0,) (3-2)
Fo.=K (z,~a,0.7b0,.-2,, +a,0,,)+C (2, - a0, F b 9 =2, +a0,,)  (5-3)

F --“K (z, t a0, +bH Zpr — 3¢b12)+C\z(Z +a,0, +b0 Zy2 — 30,1, ) (5-4)
Fa =K _.(z, +a,0, Fho, _‘b13+a3¢br3)+C (. +a,0, +b9 23+ A;0,3) (5-3)

P-._—K (z, +ap, Fho, -z, as(/’b13)+C (. +a9, +b9 23— A0,3) (5-6)

A NBFERAE AEESN, RE-DG-6)F 1 ThSH r ESHEH
S ESR AR - AREERD, K. A RBHEERRE, .8 " REH
H W FHE .

| -
Fsyl]l = K,\:y . +tay, —h0. =Y —BY, ‘_hbSHb.I:) (5-7)
+C (p, +ay, ~h0, =Yy — Ay, —hyb,,)
Fon: Kw(yc+a W, ~ 10, = Vo +a3wb,,—h 30 (5-5)
+C, (. +aowc“h0 = Yo T &¥on ~ bh)
Founw =K,y +ay, =h0, = Yy, — Y —hb302?11) (5-9)
+Cy (e +as9, - 8, = oz = AWy = P3O
Fom =K, (v —ap, = h0, =Yy, + Ay, - hy30y) (5-10)

+ C‘.sy (J}c - a3‘/7c - hcéc - yblz T aSWbIZ - hb39bh )




£ 767 AEXEAFEIHRREFMILX
Fon =K, . —ay. ~h0, — Yy —a¥y; —1y30y,)

+C o (Y. =AY, ~ 10, = s — Az~ hy30y)
Fos =K, (0, —ay, —h0, =Yy, +ayy; —hy0,,)

32

(5-11)
. . ) (5-12)
+C5y (yc *aﬂ/'/c —hcgc = Yoz T AWy —thHbli)

LA EARSF, IRl r, BIAGRIZREERE N K. A_RBEER
AR, C.A—REHEEAME.

(2) FIMIREZ H(i=1~3)

Fr::] = Kr_-[(zbh — G0y, bzebh ) - (zbn' ~ Gy — b30bn )] (5-13)
F = K (2 + 60y, +5,0,,) — (2, + 0, = 530,,)] (5-14)
Fr =K (2 = o, + 5:0,) = (24, = €05 — 5,0,,)] (5-15)
F. =K. (2, +o@, +b,0,) - (z,, + 0, = 0,0,,)] (5-16)
Fm] = I:;yr3 = pr(ybh TOY,, T hblebli Vo ¥ _hblybn) (5-17)
Fon = F L =K (Vg — Wy + MOy = Vi + CWor — Py 0,) (5-18)

L EARS, K. RBIMRRL SR EREEANE, K, ZPIRRL H#E
A8 1) I E

522 ZHEBEASHSITE

(1) MRIZB)xS RLHE A AR

PR SR, AR U B REERANE U B B (R RO A R SEIL SR & AN &
1] 5 L RE R, FRE 4 B A FR BRI R L R A S R
AN A S, BB E RLZIRI =AM s B BB BRI ) X
ER BRI R B RIRE, Bk, RS =4z s5 0l T R+ 4
S, TR E DG E AR &M, BEREEEIER N EE
U, A =Y ) R LA AR I LR e s g sk mEL o i . KA,
12 P19 AT B WU

A 23 FPETHNEE. ARMSHERET, £ _4Hn THES e
Wik [ ) SRR R T

26 ) )
£:1+£+__ytan'1(é_:)__y (5-19)
F, W oW, J," W,
F, 26 .0
£ =—tan (= 5-20
Foaw e G (>-20)
Hh, F, = Ho A(NT)”

44"




AEXEAFHIARELEIEX 777
K (5-19). (5-20):

F—e ik E R 17 Fy— e BBk A3 =) 75
&2 [A] B E 8] B 5 Wi— AR B ;

&— FR ML ERAE ) L 75 ; IN—— B ek 2% BB (T 4
A— B BRI AR T AR s I — R HT .

FRLBEER =77 [ RO sh ot A SRR () H AR ) B H MWK, Mepiss
—REMERASE, RIS BT ERRIEL A, BBk A kEsh A
REPFENRENERRAOE. B, FIRERSHEETIEREREEH
Wi, WHEIINGMERR, CEXERRMEEIMZEES), RRAELZH
TR OURAE AT LIANE] m kg sh A8 SKIEF), 17 ELASHRLPH i 1 £& B 28 7T LT E b
P B HMIE LGB RIRBIERIR S, BrLL, 3AT0T LR R R e ik i o5
SKIFERRE K DRI, (BN 5 R R R 15, R LA R HUR R
R R

XHR[S1]H % S RSN R BB 5 ML A5 T, AL T B 5-5(a)i 4t
ML R, #ES W U BBk AR DB R AR, H P MR K
HESESWy

M, =2F.6,-5) (5-21)

LA, S BN MEE . SCI[S11E U BRI R KRR T XL &
—HBERIRU S, TECE T BEskER . B R s R E S
BRRANRXRMENE S-500)~(d), HET N, MEE3)XT B EARE 1 7 07
FEw HBER, BHEBERDAMWERDE SR AEUMREEIELCRR, Mz
HEEFERRIE, SRS ER, 1 HEEE =6 RS L .
B 5-5(dyicmT I, R AR R SRR WA RAY 25N.m, M B PRIEHF
ERE R R F A B IIRRR, MRFERLRET PR AN T 20,
W Xt B I MEIR /DN, ATLLZRE . P 5-5(d) AR IR S1FERT R~ RiE
Avh 5

M, =K,0 (5-22)
A, M, EBEEERIER HE, KoASRMERIE, GAERA.

(2) FEBHIEHH B (A SRR

B AR EN T, A R s R T
B A A, B S MERAE S 44T, W] 8 BB T vHE A F(5-19)F11(5-20)
ob Bk 3 (0] FOAR R RBR(i=1~3)RIER A




£ 78| AERBAFELHREFMIEX

9.14

06l |
MEROE
(a) FASE (b) F RN
4 40
z — £ o
< 3
=0 oo
~ R
E & . /
B
il L 1 -k - )
MERHGE PKROE
(c) #Em b (d) MIEAHE
B 5-5 ERRE S A AR S5 7 B e 4
Oy = =0, + Zpi — 2Py (5.-1:2 =0, + Zpy — C3Py,
O3 =0y + 2, T30, 0.y = 0y + 2y, + €10,

\1:1 ==A+y, tey, - ~hy,0,, Oy = A+, G0, - hy,,0,,

i

_\.1:3 = A+ Yy, — ¥ — 120y, 5_vtr4 = ~A+ Yy, = CWy — My,

EdFERS, BT SCh r BAA AR BB S TE .

KRR B BEREFEHOEEMEZEINGE, SRR EH 8RSk 8RR
MG RS S, EATPRMAZEBHKETNRANRAELR, HHT
R R B F i H Bl A A T RV EAENE R, BREESREMER, WE
FEHBREERE. BRATERRAG=S3, j=1-4)

U,=U,+k Ao +kio., tkd,, (5-23)
U,
iy = R (5-24)

K523 K 1. 4 ATBIES, j % 2. 3 HIRAS: R UEBEIRESHE
BHL: Ky ka3 BUNRIR IR SAM R BIRA &, N B
RBHSSIRI: 0, 0., 0, A0 BRI, BITE SEAERE R 5

cziy
dilfE 5, SR R E@=1-3. j=1~2)
6: an =0yt 2y, — L0, (Sczhz =d, +2,, +1,0,,
cvhl = Yo T W, — 20, r:vh" = Your — W — MyaOy,

EdRIEXS, KR I80 r MESHABEENERES TR
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E79T

g EFTR, BR(5-19). (5-20). (5-22)~(5-24)7] LAK AR 3= 5042 $1 6 s b &k

(6 J). W SRR R
523 WMFFEWMRENNETSIE
(1) BHhzEahiE

12, = =35 ety +Foy)

1=l y=]

1:y¢c =q (fszm + S _fszlsz '—f.szraz) ta, (fsznz t Jorn _f.‘zm -

+ as(fszlzl + -fs':rll - fsztzz _f,s-zrzz)
3 2
yc = _Z Z(-f\ylu + fsyn] )

1=1 =1

Y. =aq (f.;yl;: + f.m-z: - fxyll] - fsyrn) +4a, (.f.xy)'ill + g1 T f.s,vn: -

t+ 4, (.f;yl'” + form _fwm ‘fwrzl)
I 0 _bxz(‘fslu— snj)+h ZZ(.fsylu fsynj)

1=1 y=1 =1 y=1
() KEREFHHE
b« bh = ZF&;)U Z pely Z ray

[b_v¢bli =C; (F sz pll3)+02( print pll4)
+C1 (F +E =13 Fm’2 rzx4) a3( szl _Fs'zhl)

4
’"b j)bll Z svly Z] prh_/ - Z]Fryy
= J=

[b .'Ubll - c3( pyih2 pvh3 ) - CZ(F it pyl:d)
(F + F F Iyi4 ) + a3 (thl - FsyliZ )

il i3 wh2 -

1 bli hb"Zthj hb]Z]F_ z roif
}:

m.z

'bzszj +hb3ZF +K th

syly
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n’b zbn - z oy Z oy Z F"’J

Ib_vgobn_CEL(F 292 pn3)+c2(Fzrrl— pn4)
(F +E:3 F 2 r:i4)—a3(Fx ol xn")

[ 12

mb ybn Z syny Z i + Z F’)’ff
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+c (F +F Fryliz ry14)+a3( synl syriz)
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(5-35)

(5-36)
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. 4 4 2 4
begbn' = bZZIprnj +hblzl:ij -bSE;ij _bz ZsFm;
j= J= J= J=

vy

2 ,
+h, > F  +K,0,,
J=1

5.3 EER4RRE L 0F R o) B 75 e e
% 52 PIEE EMS BRI N2 A S

(5-39)

7S 2 W A W E B U
L | EK 11.2
w, | ®% 26
L, DRSS S 34 m
Y L7 1.7 m
5% m. | ERE 12.000 ke
{u‘lf my, | EHRRE 1.000 kg
é I EHRMERE 2,500 keg.m?
;??; I, | FfhELRE 150,000 kg m?
I. | EHEXRE 150,000 kg.m’
L, | BRMRRE 100 kg.m?
Ly, | BERALRE 1,200 keg.m?
I, | MBRIELRE 1,200 kg.m?
K. | ZREHEEMNIK 120,000 N/m
% Ce | ZREHEEMAER 60,000 N.&/m
B | K, | SARERARE 25,000 N/m
g Cy | ZRBERAME 40.000 N.s/m
2k [ pwrnszsmpe 10,000 N/m
Ky | BiR AR m R 1,000 N/m
Ko | EBRIERMIRRAIE 400,000 N.m/rad
N | BBk 4 320 ®
% Ly, | BESKKE 840 mm
% W | EREIBKREAR B 28 mm
;,% W | TRESER 4nx 107 H/m
W o| & | mEESEEER 10 mm
A | EHEBEAEE 5 mm
R. EL ] Bk S B o e PR 1 0




| AEXEA¥HIARES U 81 A
53.1 BEMHFFESH

AERANNNFNASHEERARETEA. BRI IR0{EE
EMS #F EMOVI S R SR, S8R EImERE, K52 U T AES
EMS WAF AR B0 F T A B4

5.3.2 H&[EAFNALk B b8 iE 2 5 Eh 71 0 R

HF SRR BRI . BB U R SR 5 5182
FHIENHIF R BB AT, SR™REPERNTEIM—F, R0 LG R
[ AN 23 0 75 T AN SRS N . A AR 9 B A 8 1) A 9 1 R S I 6
B4 s CHEFFEMANEh AR mSHE, EASRHR T BMERmEL 5
HAUAE. RMKESDFEONEE SR FOBRA AN, RIRERIFHE
ZRARRE 1] 3 1 P RE R BRGE M S 18 ) 5 1

FETF S 0% 09 B BB 77 18 NP IR AT LAR R A
2xv!

A

A, 4, RAFIREEE, A\ BAPIREK, v REFESITEE. HETEF
A;=1mm. X, =24m. v=100km/h, FFRE T~ VL5 HBLEAR R AR E K& T 2 6
jjit

© QHSER S, #EFRER, BlA=0, K=0;

@ HYBREEC Smm, HBHFEERX, BA=Smm, K,=0;

@ BB Smm, EFHIEER, BA=5mm, K,=100V.s/m:
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