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110
é%% 100
il —9—e,
i AR
EQ‘: ,. n'.:\
v 90 o] X \)1
~ LIRS, S
n /{x‘ K TN
R\ :.' @
* {dB) g
80 8
0--0 ; IAM #i%Y
e—o : ]SO L
AeA s BT
= 2 1 8 16
1/3% 25 —773 Pl s (He)
(a) = Fiif
110
- 8- e
%:5‘} 100 N
m f,/' \
g f A
~ % T 5=
» A RS
Vs 3 Araed.,
[dB] G/A Y
0 Vat
§F oo M mm
1 K e :1s0
. Al :'rl‘iyﬂ)i%ﬁﬁ!
1 2 4 8 16
1/34 78 —773> FRULEMR (Hz)
(b) z A

B0 FEER O PR AlR B Hilgs 19
(+5 27 2 A, NTHEWSkm/h#fF, +~<v—2x1)
IO LERD B, BT, ﬁ&*@ﬁ&%ﬂméﬁ%&
N Th Bh, FoEHIH 2 5 ETH, WTIho BRI
L ZWETH DD gaﬁkﬁ CHETHS D,

5.3 INEErmsit, oS

REBS T IR E» A CERT 3 & L oRiki >
W ERD LR D TH BN, BRI BT NT
LSO DORIEENRD B,

Y, BACOWTL, ms™? R, G(=9.8ms™),
2al(=10""m/sD & AR & 5 S DTk, STH
AR OEE A L&D BAND, 1BEA LB
o DWT, IRIE OHRIEXIZERIE) CoEE T 50,
rms CERET 50O OWTE, EHIEHSOSA
DESKT v E LRI DB, MR rms 23BN
TRHEER LD, 20 THL T oMEihiz,
IREH IIRBIET & Wbh 2T O S, B
DE =% A\, EEERRECMEEY B T3
LORDI {inien, WIS B\ MEESR L D BRI
BRETENLTH D,

ZHIZX LT, JISOREIV <AECIL rms % 4% F
LTh20bEERIA 7 (HL10 ms  rms % 238
ETBABEFODE, A, Z0L B3I rms RS
LIEDVTILISO2631 & DFEENEF ST B E &

DEBAHBIRL T XL,
5.3.1 FOMHE
ST ROHIEE W D BB O W TE T TR Z 5,
i‘f, T &\ 5 EELE, 3FED ride, ride comfort &
DFCHIET BHDELTELX SR BDNEETH %
D, TR E L COMARET bavis ) 0B RN S
%o P TR F =20 ride comfort T o T D
—HOWETHA e Matthews DO 1 o),
P13 #5E DL problem of ride, favourable opera-
tor ride &5 FEH A F\V, DT comfort D FET fih
h, ERIEBECTHDIDBEN B S D o ride
comfort MUFETH5H5 & LT5, FLTIBIC, B4
T AP BEDNYBINCESE XN, ‘comfort index’
& o CTHERBNTTRC /A5 LB ote, 0By
R &, rideld, WOIEBR L Lesbt, 74 LIED
HWORIEHHL TV L0H L, ride comfort 4 fi]
OHDOBEREZBRRA Y EE & 2 T 5 o &b
FiHLNnD, OB, EBRHCEIARESR TV &
KHERLTEZ 5, —7, ISO/DIS5805(1979)Mechan-
ical Vibration and Shock Affecting Man—Vocabu-
lary, D% HISOZRTIL, ride 2AHE & EHL T\ i
, B0, LEEDISTEOEHTH D, I1SO/TC
108/SC4TFﬁ ERARE Y LT\ A WG10Guignard 23
FIEELIRI L, rided ride quality 0 25E% 7 L,
ThENRROEZE L H 2 T B
ride:Measurable motion environment (including
mechanical vibration,shock motions, rotatio-
nal motions, sustained accelerations etc)in a
vehicle as experienced by the passengers
and crew.
ride quality:Degree (which may be quantifiable)
to which the whole experience (including
the motion environment and other factors,
such as noise) of a journey by vehicle is
perceived and rated favourably or unfavour-
ably by the passenger or passengers on an

indivisual or group basis.

* RIHRS), FCFERRIEDCBRT 5 FHTAMAORERY < iT
LEETHBD,
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Fax WAL ZOWE (BH) ¥ RICLEBEETHD
o, FiFEIEd -EH motion KL TE D, 2D
crew MEERTED, HBEEX, LhIEREIAHT
BEMERZBERLTWAZ ETH 5.

— 5 ride meter116),186),246), KomfortmeBgerit19s)
S LIETh, EENFLHE EFEATHS b0, RE)
e A OIEBIRE o B A Ik LI L O TH
b, FEOEHRBICR S LTE 2L, EEOW 5 FOMET
1%, Guignard ®\»35 ride ® 5% measurable motion
environment & U-CIEENCEEH L, EBEEEMHE @ B
B ZOATr = 21 X » T Matthews D\ 5 comfort in-
dex D 1Y H2BLD, L\WH I &L,

BB IEERS & LTk, BTHISO2631 0 R R
CE BV ARV ARFO T 4 A E B CHONE
BICdH B (FECk, VDI #i# 2057 12 X 2 ER B
Wahrnehmungsstirke O IiG LIz 7 4 L 2% B
WKEZRRD B Z L AMThh Twicaid, Hol 1802631
I BT LI KEDS B BT 5178),

ZOEWRTE, JIS OREV~AFHE, ¥ SELH
HEOLDTHBERTE I\¥, LinL, REv v
HESOME E LTV 5 & TABAIHCER LR
T bl wERd 5o L2 ER UL L. Th
i3, Rl B &8s, KEREEE ©, 1~2Hz O 7
HOMEF Y ARY AN+3dB £ LTEFBEILTW5 S
ETH B, ik, 1502631 BEMIHC B3\WC, F—F
KRR, 7ok zi¥sh, T AT AEE, 20k
WIC B B A T B &z, vy HADO1~2Hz D 3 4
DACE T RS & 2 Flf4~8Hz O KFHr & D 2=
P3dB&H - Tz, y HRDFH, RBEIRO2EIH H1ce
IANE ORI T 2REN IV EERLTHE L L
ERBLTWADTH-TC, =0, HAKEHREEY
MIET A70%, +3dB OfiEEL KRR L <5z
b DTHB, DX ICHEBEMLET S X A
AR EIIEE v VR LIS LIEAEIRER & Whbh
BLENLLHB IO, HAEHEEE Do THD
&, ZUT, RO XS RFAREMEY L Tk iF
i, RHOH T b BT, BIEE L BB
I LR IRBI LD D,

CZo kB, BV TR EME R JT R
ERMIER LCWhid, 1802631 T2 bhTw5 2,y
FHC B4 5 4 #—1~2Hz ¢0, 2Hz bl ET—6dB/oct

Sk EEROHELY AR Y AQHIIKEDRS, Tivbbz HATR
4~8Hz, z,y FHFTiE1~2Hz BHD rms fHE HEL T 5,

dB

NNSNTIDES

1 2 4 8 80
B % # (Hz)

®11 JISC 1510 o AEBIHRIEER O REE Y AH v A
(Felzn 7= ISO 2631 12 WTHEALTH5,)

THFE—% BB A L Ol 3dB 0ENET S ER
LA bt EE o ltDR e DR TH S, £L
T, toZ &k, KEHADERHOFMETT > & /T
Tl 3 HAARIBE LV <V EEL B L ECLBEGRTS
ck, bbAALTHD. 3HAARIERY ~1L, 180
26310 FWBHBIEAAT - T & 510 OIEEE 18 @, 5 g,
ayF AV, HRBEMEYE LT
V(1. 4dax) + (1. 4ay)*+a,’

TEHIh A, BBV A OIERE (dB) 2 bIE
LICEE rms Off @'y, a’y, a’.(=a) & AVhiE,
EE:vt

'\/a’zz’l“ll’yz"'a’zz
Ly, ComROBRRCH L TEER bl
HEv,
5.3.2 F ¥ ALFOLHET ORI
BBV S A OSE, TRRET O BT, IR
BRERN0. 6544 & 7o o TUSBFE, T, ZHRP R
—3— A MEENC T BIRENR SN B A T, RED
#EE  LCORIT, fRNEoRHAYHVhIEDRTH S, AL
SRR T O X S IcABEL S ERD it o TV AR, HAAEMNM
BRI RCRET AW Lo THHDTED F ¥ CRHA T
Vo TOBEND, EHY <AWEFEOIJISE CRAFRIHNE

KRELTWAE2),
w4 ]) DFFFREBIR
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MR EAE I Y, REENBOT B LR BICR
LifERIc 5Tk D, 0.6s2 W 3 IERIL, VWbid
ANHOEBREOHERCabeizd0, Livib,

LT AT, BHETH, HDVITERT 5 ATERE
ATRRCY, JERETT « EEJE EIARBY IR rms (3R 4 %
2 BB L% OB ORIUIE LS R E B R b OfRET O
FERME, (FREREEoRBE PEBELL TR h
. —7, A—KEIREBOFEY, »77 2, EE, HiE
&, EFEESERPIMEIRTEOREE LWL, W)
WA, TEEY SO ERCHETHL C—Do0
fEHELTHhBRIET S ENFENTHD, 2 TEHIX
rms DEFHEI

Arms= \/%Jjaz(t) dt
ZRHTHREBCEDDZENTE, Thams 27
CaAERT AHBREDLZ ExE LI, Ik, ERF
D a@®ELT, FEMEEEXTOFEMATL X L,
I1SO2631 MO FWHHERR LB L CTHHBHCTL X
WisrL, FYaARLME LA, O~
O RIREIC . 5 OIEF00se X 5T DO 2 iy ORD
FHTh BN, THEOWTE, BEEL OIS 2RED
BINOFERIEST, evFareiiclb X &L
Fr. BVIF ARG H T 5 KA1 SEM
(Stochastic Ergodic Measurement : fgSR(fH= 1 = — F
B EEh, A—APY)—Dy 4 —v TH K2
“Wehrmann 23FEZH %% # — » Norma f & F£[FCH
FeUTRNiTH B2, HADBEL T2 2R FHMED
BT OWT, FORERBAR— LCRTH, 2
B CEBICEEARTERIUIRDO LB I TH D, 2
0, ke (Je|<l &T3) THl, 0~1fc—ik
DA HEE A NERESR, 205, FLEO 28R
a Yo ooffnk sy v b TsE (o/N)i=a?
LicsT, BEThEenRbbh b,

EACE, 8/NFRIZRETTS S EMOEizE LT
WHT ERMo DT, ERARKEELTSEMIK LS
o a L BOIE R, 1977 (RFI52) b BRI H0F
T, AR ER e, AR, TEETYEGE
R, B 2F v vaor s Lok, R—ERHEA
DEEFE 1, FERE T OIRBIOME, HA\, REEMWIE
FEBYBE LSO BINGODOLEE, 1HELS
NEHECHLL LD L WHIEZLLIBLDTH D,

WE - FAORMTELRCHMREIKRDE B D TH
%o EF, rms OFEILOWTEL, ANV v REET

SFEAUTER EORBIL . Lo L, RS IE R
ARV ARV AOBENRHITICL L, R—ACAII
T BEF v ¥ R OHRMER DT D E oz, DRI
BAL Tk, JkE, X 0EBEOET 4 4 XML TR
MUTLT T bish»7eh, FhF LI TRENT
BB ARy AkFEDO7 4 v 2%, D dBERR
P View Lms™ O F FFIRSEHHAITE W T,

%6 2ch FLrAFOHEOEEET

H H 1t %
BRATI +5V (DCVv v), |DBCs
A V]+5Ve(ACL v )
Afvvy 1, 2,5V7 A A — LEH
) Y, F—-37 n —ZER
AJiAt v =& A | 100k
i 1S02631¥41( = J517), ON
—OFF ]
| vy v IRk 0. 1ms%E
i £ # 11y FMRFIv 7 b Ly
B AR LA
W (100ms/ & #)
T 0.1~999. 9s
? e} 5 ¢ v x gk 4dff, LED
S| m 4#%, LED
a
| Az~ b FEFAA v F
; SHEA Ly 7 FAEROFS 2 A AL wTF
] CXBHBAL Y T
V%
JE | AC 100V(£10V), 50/60
Hz, 100VA
®H B | #15ke

12 BEF Y2 vFbHE
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BET v v 2 L OIEFRENRA—IC /e 5 7 4V 2y
BEILEAZBZ LAY OEED Y 5THS, &
AN dB ETHLENFHINLGSGA, oM EITERE
BT 5 ERTINAS,

7e¥, S EMBEOMEHC OWTIL, Zhk h4E, 1974
F, A=A+ Y~ Schrottmaier 233 5 4 v R A DY
OEHHEL, FBRECERAL D240, EEodo
EERBRIFAUCH BN, FF + V2 ALELONWT 25
SESEDOM, P, HHEOPE, -7 EELELR
BIARTRo T, Felll, FUAAERE L 2/
T, WEEA LA e CER) L THERB1IEL
o T\W5b, ¥, 2FEEHL, SEC (Stochastic Er-
godic Converter) #io X DO 4 RS, Boss
HMUTRDBW &> T BDBHBIC KX S EED
LOEFHELTCNDLEIATHD, +~AF Y~ Nor-
ma OGOV THE 2 2R I,

5.4 WS HEIfR

b7 7 2 EREARE O REBSHNE, BAE LD 19704
DEIOEOFPEL AR, BELSEho/csAbh
%o TIITMRGFLBAEL M E BESLE $ic rms
RO T, L0 1EOHETHS, HOHEIEFEORTE
RGOS 5 HEDGEL LT\ inho e b & Rbh
b, ELTC, SBOSPHERE 5 LD TER - BT 5
TedI iy, BARESHTY ~ 27 2R LR LT
ST rms HE TRy b T5, LW X HTER
DL HGBR T,

BECIx, M - BEOTHIEFLHE P HVBh
LD ln oD T, —BIRERMLE D TR BT s
ST, COZ LREBSETE LT B LTI
i\, IREVOIEE - L oHE, MEOBERS I, M
R BB T D BMANEL 25, ZhIZBILT
L, BOEEHE 7 — Y =B F F ToRMA—®RELT,
YT NEA K« AT AT F T A F DI TONPTEN
T ENB LS5 iaolcDT, WD THNNELITIE -
oo Land, BexOBE, AJIOVv AR ) EE3
BERENG LT B LB\, FHEREDEIGA
FRIOPERC L > TRELIAWHEENE RS Z &
DAYy MEKRE, o2, BEOKEOHIETIL,
Ry — Ay [ AEEP S DOHCTOMERERN I
WOT, BE X - TIIARHEIERLZ LD 5,

. 5.5 FHll - b R4

BB O EOEARNHEC OWT, EED, R
TEa SURERR L MEAROEE, BEET X A0EHD
R AT o CERN, KEOR VLY - T, EELIE
BRI AETITERT TR T B EH « ST RIS D CgER
LTk,

FHAL - ¥R, ATHEBC KT 2 BEREIEHN 0%
BV THERI RBEFISD LB ) TH B, ZDR
CRHRALTH L 0D 5 bEE b DD T Rk
NicLZATHY, &Fs L UHIRER v —FViT
FHTES, Lo, HETFOEF 4 77 1BECHE
i OBRRE R 2 CHFAC A O TE BEE
BT, WRERD B EEL TN B,

i, I REFOMBOBINIDETH D, TD—D
i, REEBEATIO C— 7 fED+— 1 FESREDBE T
HBHo ZhUL crest factor #F x v 7T HDTH B,

crest factor =55 DRA L~ 7 fH]
rms

DFE D, ELHORBTI, ATERETRBCET 5
X0, FEF_ET crest factor 233 %#lix AR & 3
HURWOER, L3RI ENH B &, I1SO
2631 DM A E W EN T TRENDTH S, filL6
BE X CILERERS 5 L OWmBIIR T\ B2, FEr
IRIBUTIE s » Tonigls, &7z, crest factor 23k &
ehé, FROVARY AR BBREFEETHC LT
A5, 1oi2L, SEMIC X AL, crest factor At
WEEZTIIIWEShTWwA,

7ok, PR E LTI, P S Disv LIEEBIRA EE
BRI OVROS B Z A E Ly,

6 ERBROEHAN

e OB R B S0+ 2 BRYCORER A 1T 5 45
FRLBAHA, BERERER, EEEDOs v 2 v
DAMEC BT 5B ET 5 BER ETH, ERHAs
ORERE, AT U CATT 5 0BT 5,
AEOFEIIRBEFE TSN T 5DD L DI H 5
23, ¥ EoMoANoRBR MEETHVbhTw 2
FEAEEL, DL CIRESEEE LT BIdD A
TR OB U, EHOBREH L ERRRA
ATEBIZOWTHRREZ & &5,

# 4 —A b+ Y~ Norma #:0 SEM & X R eI UMK 04
THIA - WS TW5, ¥~ 2{H, T5E, 2|/PIHE, B
fER T 5 2ch OH OTH B2, FAFWHME 2 10~15Hz B k
T, A0 HBTIXEL R,

LB BB o) 2 RO DFHENIL KRB B A T
BT LDOWTIE, 122)8R
ERR DM X DREIEML/S o+ 2 & — TSI Xk BEEER L D
FULWERE R B0, 195)2R
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6.1 HEREOMAMRBEOHE

19704E 4K, NIAECIRRIIACTRT X 5 Ialif AR B
SEEABE - FH L CHAERRET » Tz, Zhik
A1 ORER D AL > TEREZIEES ® % b O
T, R RIIESEY AT 5, NIAETIE, Z0RE
#19714F1C, FEREEBC I % OECD E#z— Ficii
RN, HERERACIELhol, TOHHD
—I Y, TR H A OTGIRC— % 2240 D B 2 ZlES
FistedotcZ EBREESR X 5,

14 NIAE DEERTHAEREE

v vy~ b OEBEN—ERD LI CBRRET, f—
7ol AR BRI B STl neb. L,
ZOZ LR TIIEEC XN L LR THH D &
Ex bh, ORI RO HBECTHET 3.
7272 L, upholstery M DFEESIZFE ¥ 5o E T
%,

6.2 JERORBIEERR OIS

Y, BRNOERBADEEBLL D LT 5BOEL
e, RALT2RVSHEREREL TR, 2%

%@m

e EBR7 v — A, A JERMIGER 1971.1 AR

BVPATIRRIGIERTHRO b OEHTW5, fHE
TRIMEIHRE O M FERE 2T D 41, BECAR L Tl
HIET AL 0TH B, bR ARPIIEER, e
Ky va#y b OWHOBEFES Slcd, 77 v THERAS
HL T3,

sk, ENTIHRIR T BRI, B
MRS 52—, AMEBSEORE B L -HERE AL T
AWML, B, TOMERKCTEETHEDL Y OED &M
2 DEHBLToTWAY, FOHRIEL LT—REE
BRI~ , Hc %D upholstery DA MBI AV
b T3,

BOREOBA 5 7 2 BEROSE, X5 AR

D, EEREROEHHEEELNMNCT HDTH 5 h
5, Mkl UTOEFLZSRCERETLE 5, &
ThHELFE, B—0MER, HixH, BEREBOLET
Th, FOEFYED DT T 7 208X - T
EEOZ HIRENIRL A0 0, T 7 2 LEFOHEE
HBIEDWTERBRETRETH D ETHE2HTH 5.
AL, COIODB L FTOWTRC X 5 EHE
nb, MOFEZ T L - TH LR LEDHENDRENE
LD ENEELWR, BED LA FREHNL—
HEOFRE LTI T o,

ik, TOMEFEEE, FT 22 LEEOHEAEEDOWT
RIEDWTRBE T 52 &0 5 & & OB, BT
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E15 BVPA O FEERTTAMREAERE
(1976. 5 EHIRE)

BHEBREANEO ThERAGEN WS Z LIZBKR
EEEIh, DL, XU CRFBRCBER
hBzETHBD, T, BRNALRBO BN LS
ENBEDTHB, ZZIWHIEMEE, R vhds
—RREUREBRIIE L LTIThh 500, HHWITERFLL
QW+ 5 7 & & OEER OB AR OTGRE type approv-
al DfedIIFh b0, E\WH T ETH %, BT,
IO LR BB, ANEEREET S,

6.2.1 IRBEIADEEOHEE

1) REIA D OFEE  EE~ORIA S OHETR
LCRD 3 HEERD 5,

a  HERXiniESET X 505

b BRMERIHREER X % HE

¢ AIEKT X 5Kk
oz, bicET Lo L L THBRNEERC XS
FEREZ bR DA, EHEA~OIEFAT & L TERE
KIFENER IR D700, EEITAWBRL,

2) BWRYINRIEE IO RBIL 0Bk X
- CTfirhic, Dupuis O FER O & = 3L F Y%
CRT A —EOBEALIE G, ®M4) ik, FIar
R fedefiic X » T ETFT AR IR S h a# ke, &

TERERFBES & 0 O B HIKIC X - CiFbhiz, ¥k,
AW x—F VETEEEE FT (Jordbrukstekniska In-
stitutet) @ Bjerninger MWD, +F 7 2% 2
BoLZATHETALDT, 57 28iRvkEx 32
RO w — M BEREP I T 5 R TH - 72180,

fie &, BRAIMEEE Y A fnid 508, Wik
Rk, WEEL S Ao REEE R CHBICER
TELLO0, RFOFHIIBE R, b, HA
BUWCIE, IEBREEATIEI L L, BB ) T v
EWORBBRH D Avbhiclitot,

3) BRMERMREREE BRI0FEHCARLHRL
HEHECEZLTNT, 727 2E0HEFOMRC AL
TMELET RIS, Ti:, ERFEBEORBPICHL
BIOREN oL DIk, 19604 E} 0 NIAE, MPI ©
FOIRIC R b %, Bio s TiR1970E e, 240
MEY Y v xRV, 2 HEORIE ST 2 HEOMED
TRE & Lic, REERILDI e cEa N B O Ry
FHME U CIBEAMCERICEA L IREERE T = AR
ROLDOTH B, KwxXHTh, ZoEERAGRR
OFEBRPNETEINC AR CERRIRTHBDT, &2
CEBOXE Ay D TRLTHL &E7).

T BEEPIcHAVTLS

FELIER ISR O R T 4R
H H s (3
| EEES 13.7MPa (140kgf/cm®)
% B 15kW
| A Ay | AE2008, KA
an IR +14.7kN (+1500kgf)
Ik | BRIRIE +100mm
L 600mm X 600mm A¢Hl
| mERESE | DC, 0.1~200Hz
| e BT 4 — F Sy 2 HIH
% 6L, IEEAGC
| E=2 A, exr LR
he FIRIE, A
% & ¥ B | BRESEDEL
R AR & v

GHFFR(FIEH 1L FTHED

Lo AT, BRIMERMBIE TR, ERMED, &
BB AR ECB L INLRBEIT 5 ORfETH B
2%, EERECIEAH R, EBRILOINEARD D, £
TR EEET B &, 1 HADRE RS2 55X
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HHE> ) v EEA 1 €y FCHEDD, 2~ 3 HA0IEE
E: 5B, HAVGIEEAAERCEy v S, v
Vv 7, a~Av7E0/RBEEEL LS LW ORI
EESOWIE S ) v X8 & OHIERE (RS b o
A At BRBEERY, WERECAEHK & S
F o TREENER LD, B2,

(b)

H16 EXIHERINEIE D IEEEB ORI OBF
a :40Hz 2G Vv ST +1G IERF
b :140Hz 5G v v T +3G IR
t2 L G=9.8m/s?

EETREAE LT, ¥ TEEOMEND D, KT
fith - X 5, BREEREREHR, KRIEOSHAR
BERL VEFEIRED, BHOR B ERNKT S
B, BAEMCL, ERBEEOHE, IEEEPO ¢~
7DD T B, RIS —flERTH, &
RRIBESHMERDOEE, BLT7 4~ Vv 2T 5HE
FRBNESR, +—H 30T OBET, CA N VOE
RO — 7T THD V) v TADEL, D 2
W& LTOMEE CIIFRAERE T2 L0 L —I
FHAINTND, 2D 2L, IEECR 5 AEDRK
BEERATHEEIFCERLYET S THD. Ln
L, #0O%EROET HEMITED TEV D, EE1LT

BN CHBET BT LB AA, INEECHET 254
Th, RHEREORER, & RAERS OBE © B R 2
b, HeBLeTACS 52380 DTH 5,

DWCCHBRTE, AN XA TTh ok
B, T~ TECIE IR E RO BR B IO &
bl ENERUESDC ECERLRTIE R b,
O EREARNOFELERE—TH B L
ERL CABE IR 5,

Toks, SEEEmE LTI, #XEE © L 5 I routine
R CRVABHEYEETHE, BEO V<L 0RE,
DF DITHIEEOREDH T, WEORE L HEE
DRI LT, HRERC e E T 50
IE « RO DO EH DI DL Db 2 &
CHEBEL TR MERD D,

4 ATEYE FEMXRE TR BT 50, EHOE
T X BIRBATEE UCATERY WS & & isk
BB LZ0TWHETH Y, &48E BRED
ETD T 7AW HNDIFEbFE> D, —F
EORIEMRA BRI 2R ED D E\ETH Y,
—BEH LI ATERORE 7 » 7 7 A VORI
BRI V. £ LT, ATERIL, ToHFACd X585,
FROIDITHI ) OFMEEL, $RBET LD
+, ToEfT - REA, WEEOETEEETHE, A
THEBRKGEONELTIEEODEL L b 25U 0k
WENEELT L, T, TOHEND L CBIMERE
B EMEE B bhuntd, FOLHWE, TR
REAEAE SR, 20T &2, ATEREAGSHE
i BB s 0 BB HE— i S35 Rk EE E o TS R A B S Ve
W LIREHEHOFERE & 7o T 5%,

Lo AT, EEEINNRTHDATEROEL VTR
T DA, ETHMOBEITNT LBk cGERTH L
EREL, AL OBIRCIEHOA N L E 55k
FRBEESATHCEENC R IR TR v, £
OEHRTE, EHRBRAATETHRECLEZXIVD
DLERIR VD, —CEE L e h DS HEEM Lo
ERIIE I WD, EROBEHCHh LT ATE
MOER WD, 7ok, SHICERETAEIEN - 4T
LR TR LTHR, g, BRESCI A0
FAM S hTwd, ok ¥, BREE, artificial track,
obstacle road, Belgian road, Ersatzbahn198), Holper-
bahn240) & % T %,

5) BERMERIMRER - ATERBOLE WHELE

* GERIE T S O 5008H AL LA (1979),
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T8 EKMERINRRE X ATERC

I % AR O HE
BEIER s
H ] IR AT HER
1. B P A
2. W w oM ]
3. RBagt: (ABeL | W& B
)
4. ZPFRE - IR BELYMT | £<FE
HENRDH B
5. FEM R T BB
WELD | g 5 5 75
EIRB O ’
OB
VL, BRASE
Vil b
)
6. Kl - Fffi - Ao | & H
7
7. ERICET B AR A H

6.3 ATJER L O
FEFSIREIA T & LT O ATEBTOW T ORI LB
DERDTH BN, KECTR—BERELOEEATER
DM 7T v 77 A M DOWTHREL, DWT, —fRED
BHBHFVEL T Ty A A REDATERICOWT,
BLEERR L, FREEOT - R~ SR ORI
Wi B,
6.3.1 BEDO7 w774
KRS oMM MERNCIRIBE T 3B L LTE
a) —EXM (3m) oRAMME
b) ik fEE
¢) WEE LCERRBERTMEL, Tr7y
ANAvFy 2 APrl), b —FN e Fai
5545573 ATCRE LTERET S,
d) 1BDF 75 AA—ZTHELI 7H2 A« 4
vy s A (BRI TCREREE &L
T D,

EREW R A28, MmO REROE L HEEATS
Fo AL,

e) MDAy — A2y } AEE (P SD)
BHVbBR S,

P SD & o THMM&HEHICIBIE 2 5k, —&
HRS MM EE ML TP SDREFHETSLOT, E
ETE CRIERROBN, B EMNOBIR, v 4 v
F— O35S, Fhish ORI ET 508%,
AR EIROBEIT L b H 5 2 L b, TR MM
EBERTAHEEL UL ABh TV, Fie, B,
HHEHSC BT HHEEOMIM P SD BRI TV,
Bz L fiTh by, UBEHCEibbRWED, AR
Tk, WEMMOFFHEELIP SDTHL LI L LT
B, Tk, TOT, SEHDN, BEEMLIERAO
WFEEOMMBELC, PSD&T, MMOERST
ERELLAOS S C LEIRL TR Eew,

22T, F17, B8, BEEEFOMIMO P S DOV
TEETREIR TV BAETFERT.

CHhHORERD E, kL UTHETFRD § i
(EAL R BT 2 MMBEE, 5 WS Thicd T 5
M), e (P SD) OMEXRMER L Lick
XX, PSDIBEA T OB 23955,
COZEERLT, BS I®oMERETIE, BP
SDTHEBMMAFER T 2 Ehb—S5EA T, BEM
MP SDIZ X » CTHIREZ ML, BHEOHELTD
O b 1972 EICIRE L -13) , F OB OBIITE K
UHI9CRT &k b T, 1/(@2)cycle/m %5 & LTER
FUCXRAFEO 2, BREMNTILFECE L
KEIEHIL TP SDRRPT HHiREY 527 b DTH
%, ZONRECONTUL, BYEEREENLZAHET
& DT E T B0 eycles/m, 2 % D 10kmiT lcycle ©
LIAET) LLHRERE AN, 2L L TREhR
ZMTHAH D L5, REOHEKBGREL D LR
ThT\59%),

6.3.2 MDD v E A Fu7 7 AV ATER

FEEROBRORE I N HEEELIT, 19694E R
7, NIAEEPEHIC RS \WT, V& A« Tu7y L%
LOATERIR SN, FRIhC, HLEHRT, 2
DEBOAZ WORNIAED Matthews I X 3% © T
HH2d), Tk 2BOATERYty MCLb DT,
BEHCHINT 2 4RE100mD b D &, HEOH DY B &

* KOpper200) 1@k DR P S DEFRMRICS £ 58y Wit
LT3,
#4 British Standard Institute.
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Hpm

17 Es#E%omM™ PSD (1)

2 3 0 1 2 3
% # (1/m]

(Matthews 219 2 k%, 75, Wi BALTEEEL 2,

BAECESFT S EEHIGT 535mD LD LB D,
FO—EHF0CRTH, BERsERD, BEEDDH
BAEED SHIIBCEE « EE Lz bDTh b,
CDOATEBRO T w77 4 1%, HBBS, EC, OEC
D Test Code, ISO It BT AEERBAALERD 7 =
T ANDEMEIc T\ HTERRECLDONH S
M, FOTRTFAMIED L REDBRIENCER
A5 MRS B, EEO 100m A T HEE 1L smooth
track, 35m A TEERIL rough track LT T 525,
YD T35 smooth track IR, ZDHE P SD
BRD X SICEDDRI LD TH -, T, B, Hilh
M) 5 o anhTe ) ORECETTE ZBEOHRE (&
VESE) ZROKE M™% 16cm HFETHELTP S
DERD “FROLDEHDOP SDEFD” bDELT,
smooth track BEi 7 v 7 7 4 ANED LRI ERE X
NTWB, ZOPSDOEHOHEBUIERTH>T,

#9 BSI BEMPEONE

S(n) :S(nu)( I >—w1 for n<n,
o
-w2
S@ =S (-2-) 7 for n=n,
o
B2 74| 5RO
A | Very good 2~ 8 4 | 2| 15
B | Good 8~ 32 16 2 1.5
C | Average 32~ 128 64 2 1.5
D | Poor 128~ 512 256 2 1.5
E | Very Poor | 512~2028 1024 2 1.5
S(IX10"* m*/c DAL TWET S
nol¥1/(2x) cycles/metreTH %

ORI TR BB S BN, 19714 1 7, FEHHR
NIAE# 3, Stayner KicEERLRIHERTIEL, 2O
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SEHOBERIL, 550 PSD MigoRN G, HEBC Lo
CTHBLABIED B LDOEEOHT, Wi e THw
e 2ED, FENTFHTRIROGOTH 57,

73, OECD #4D ATHEMIIBVPA CHERF O &,
BHECER SR T\5, Berlin kv FE#k AL E

123 T
102
5 .
SEIA BB TN &k
2 7
P ey
D
10°
(1076m®) g
7277 IR Y
- TA7 7V _]
ﬁl ()
2
S
N
100 2 5 10t 2 5 10?

oW A ® #% (1/m)

E18 #EFoMN PSD (ID
(Graef 0 . X %)

1010+

JEE 2

108 4

.
P2

104 4

100 4

BET TN AN—T

(10-%m3}

10—-2-

107* 7 v ; .
1074 1078 102 1071 1 10
n B OB B W #% (1/m)

19 BSI BmEofHka: ¥»

20 NIAE o ATER
(_h : smooth track, °F :rough track)
\1971.1 S5

BAREL TS E\ Wb ady, FERIELTWigwy, 7
¥, 1979 (BEF154) FRFPEARFTIT O HAEE)
HFFRTC, ISO¥EILE 5 & & T, smooth track @
FERFRE L), T OBBCEEL C, EHIRETS
ATERERICE B EER EEBAYEL, TOEHER
WAL - BRI E ST A LA TEI,

FOMOFE LTk Kienels) ofja 55 2 LNT
& 20, WoOHELHENCIREOERBED TR T 74
NERBTHHET, BETHOL ) I TRY ML X
5L L@z b,

bl e b O EFIRE R EHNE Lcb DT
Hotedd, BHHEE A~ HDffix T\% Belgian road
EOWTHHE L TR SLENSH 5. Belgian O 5&
11§910cm O R B & WA BRI BT,
HEEEHME A IS T MpVE UlciRiB Sy “~v ¥ —E”
ERRLIFIC ST 5, <A ¥ —1, 0L 5 EKR1IES
Molefediy, BRERTHDLIRBETH AN, Fhik
LA ML ELT, BEWETHAORELTELEARAT
THALMMD S 2 REXATHCER L. D TH
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%, FEOBRTOHGACHERREZEBRONERLL,
BB E O AN D L7 b TROLMOTFFIC b MR 5
OB DA, HAIEA LED Ly vk EbE Tt
T HEND HeD, BEBRNREFHCOESZ L, Bl
OEXEEL IR ESTH Y, e, BTEL
TiZ, BROREEEE L ORI, Mo Th
“RIERY ThDH, LD ERETFBR B,

ks, WEIATE NS X0, HEHANEMZHZ &
XY, BoiacEl LickeiTe s L0 B
B obodd LTI, Rifai3) 57 2 rv—FI1C
DNTEF o R ERE], Skromme250) 73T A 5= L~~~
S OWT T R, SRORBRMELET D
EMRTE BF,

6.3.3 ALBEKOEAFRI—FvEL - TroyA
NDAVE 0 ~K eI lV—Yg V/—

T, LTFiaid CEEORT - BUF LI ATER
EOWTHRAEZ & ET 5,
EENATERBHCES T, RVERNRFHEEL
TEZT-DIX, BETr7 7 A 1rO—BLTHoTc. T
7%, NIAE®D smooth trackid, Rk &k DY
TEHHVBTL, Vikh, REOEROBETH HHE
TIED IR\ F LT, FOBE T » 7 7 A L PSDHllHR
e b R LR D, H i 2cycles/m PITF O
MmBEHCIERISRE Yy (F21), £ZC, §iE o
B SHEBOEERCIES AT, AROHEE GBI
KERAZNRTWBREE TR DT REL,
PSD 3% DEE LI /e b X 5 MBHE A ED D & &
ZTERD, EELZICDTH-T, 2F D 1L, PSD%&
IR L, # i Fourier Z #it ¢ HEMHBIBIA R
HE, 0 X xECHEREYFEOBIINRETED
DEWHHBETH D,

b0 PSD 7578 2 FRADOERCTOR RO Fl
FRERD B & HEIZ19405ERR D Wiener 1l %
X5 ThsrH, HOEGEE T L (autoregressive model)
DPHTIED, WO TERANEFELR - Rl
DIEISCRATE BBV ORI TH - To, EED,

* RAI 7SRRI B, R LTRBRARERAT 1% e Bb

hBb oK, BHI175~180mmO%ERY% 3. 5m BT B L

T, B, FHET T 2 2 OFAEIEE - BAUSOREL A L

Dmitrichenko29D2920Df, 373 A% « + T2 25 A bR

% obstacle road, AE~ FAZ V¥ —ORRMNED OWL TS

CENTED, ¥, VI AROIMKREROF T b TARH

MR BER L AT O HHERARRE B (G5 45265

DUTHREFUIC 7 1 & 2 E2T TERM MRS Lo F 5 Ak
) REHEMT 5,

m
s
4
|
7\u
N
IS
X
i y '
(10-%m3) i “
10 x
swmmhtmdA\ x
1 AN
1271 \\ ,
1Y)
Sy |

101 1 10
BOEOE % (1/m)
F21 NIAE ATLEHOM™ PSD

(Kﬁpperm I v, HEMUERCOWTD,
HHNWET X B bORRA, (FH

FREOZEL, FiEOPSDABEEMNEZ Y I 2 v —>
2 VIC X o THET B L &H 2 71974 (WEF49) 4ED
¥ 1ERNZE, BREREF A0S TUIDI X HHET
POFHERPEDOHTATIZR T IO TH »
29, FFEOH 2 DRE~DOBHOTE & BIEAE &
oy, EEREALOMEERZEL LN TE
oo LT, RADOMEL, BHOREEF1+OHTULD
BET, 3V EamZevial—ya VIR TER
THZENAREE T T,

LT, EHEOT-TATER w7 7 4 VOIRATE
FHeDWCHERB & LSRR B,

1) AIEREZ, A 240, WHIERVET 2%
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SETICEN e L U, EAERBOMMIH T 5% 7
2L, EAEOMMN PSD kE—&3 %,

(2) MIML75mm B ORI LV, RO,
125mm & 3%, NIAE TIEHERIZ160mm TH 525, 4>
LTh ooMBEE BB D, 230, BEOHTE, 1msd
ZOMBTERINA L5 #F £ 125mm & Lzt DT
BB, ZOBARRE 4c%0.125m LED B LI, MM
JAWEE/(2de) =4[1/m]Bh LD BB E %
TN EETAZ LTS, Ik, HARDIEDFET
Exln & ET 5,

(8) FHEOHIEMTE L NEPSDIL, i BSI #HK
IRBED DL “Poor” DRBEFIW LT D, foid
L, BEMMEER Y FE LT, 1/ (20) <f<4DHT
Fx%, PSDES(f)E L TRTREE

S(f)=256(2xf)1s
W VBT M AR [/ m]
(iéfgg
S EBEMMPSD [107°m®]

(4) BAFEMM O Rk ¥ COFIEL 2% L O3 R
-+, M, fEREBERTELLLESOBRN 2y 7
T, SEIEWHS (F<1/@r)T) SHABUHRIZ L -
THHOE, SHEY SR ES ML CELHL
WS, (—4=Ff=4), 7, Fourier B OFENMTE
WTIHET % X 5T 57D “HI1” THbH, FHER
Facom 230—1012 X » TT - 72y, BEERFREE 20
YA D BERHL, RO T v 75 5 CUROPTH D
5 BEEERY) &, RREMEBACT VY LTHL
foo Fio, TFABEEGE, —BELBEOFR L Y ESS
Wr AV, R, BEMNDL S w7 7 4 A By i,

¥n=0.0766¥5-5—0.0519¥x¥n—,+0. 8372¥n-1 +HLEL
DG THEXE, Ar—) v IEfToTED, £LT
2000f TR XS v 7 7 A MEER 2mm T & 1T L
B, Fio, FLERER S 2 R E O R
W Bicd, BAOFOEOEEE T, BFIORE LB L&
H, TRERELRD BT 07w s A AMEETHE
L ELT, FIEEEACED YTHZ LD,
Z OHF O HOHBEMESRRECHET 2 b, T
YEERICALE S AR 7 &, R, ERBIEMhE R
TR ED TN B 2 I YT 5,
ok, BffofiE L, T r 7 7 A EHDOR/MED 01T

log .
PSD
2T — A~ PV
DRE

¥
B CAERR

f
™
P =

H O EIR RS ~%ﬂ&m%$_t:l,
Pt - f
EASHORE '

| I A 5 |

[2r—rabe e gtons |

Vrw—z~yvggow |

[ FAA5E - WF el j

B2 BT v 7 7 A MEFAEDOFIR
(1) 7r—F+—1

RBDEIDBREBHE L, Dok LB
R 7 7 A VERO—HEFEIORT,

F10 KBS =7 71 AEE G

No §é§@%§% 7w 7 4 MEEF

= H
m mim mm

1 0.125 52 86
2 0. 250 52 78
3 0.375 52 82
4 0.500 46 84
5 0.625 44 84
6 0.750 42 84
7 0.875 30 90
78 50
438 54,750 76 52
439 54. 875 84 76
440 55.000 72 76

(6) BN FRERL Lo TS 7 7 4 LERT
DI LT, Ticbs, FHiEOPSDEF 2, %
EENT R LT B0, K OWCHERE T 7088,

# FEAFA DM D TBERA DT\, L L A coherency %
OHOBHREFIT 2L, + 727 2BRECAHLET “H7F” |
BEBELDHHC L - TUL, EEHRTH B,

ABEMMELT LA ERASTL LS. 205 XD D RIeHHE
DHNREED UL, REWLHTEBELER O L RO
RO 2 a2 TERABRAGOTH v,
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1 AU —AX7 VVEE S(HoEE

POOR

logf

log$S

2  Fourier #F#iz X 5 HOHBEKORE
Rl=f St eos(2mfr)af

— 0

3. HEERHREOBE

M
YR(h—m) aM(m);‘R(h)
m=1 a

4, Tn7 AL VEORE

Yn=2a3yn-3 Tazyn- +asyn-1

+ELEK

—1. 1
S=Af""" (55 <f<4)
=a—bf?(0< <)

=0 (4<f)

R(ndr)=2 ! S(f)cos( 27f +nd7) af

[}
FEBTREHAIZLY,
4dr=0.125m & L7z

N

HOERERBM =3

a; = 0.8372
az = —0.0619
a3 = 0.0766

Re (TR o

A FEHE, S8R, PELERENE
RAEXEBT L L L,

—B{yn ) 2BEE Ar—VvioRD
Ry —2AX7 PAVEEFZEHRL, ZofRX
DEBO S EBELKE (Re = 68 0mm? ) o
BHT{ya } (n=2000%C) 2k,

PIITY‘..T‘TI

[

23 BH 7w 7 7 A MEFAEOFIR
(1) EEHS OBEH
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BEPSD

Yiav—ia sl
PSD

1

2 3 4
B % #%(1/m)

24 Fi5-oPSD& Fek

[HFPSD D Hi:

99.9% [ °
" 7
95 | f
90 } s
80 § .0“

50 |- l‘[f
5 .9
20 ,7'
10 $
s |4
.
J.

20 40 60 80
727 7 4 JVE (mm)

25 Fetk 7 w7 7 4 MEOHAE
(EHFERIRC 7 r v 1)

24K O'R25TH %5, PSDOMETH, FHEAOMMOET D
THORBRTE 5L DTH B,

6.3.4 F1IRATERDOIER
FREODATERE S = 7 7 A MEOFEE S 1R
ANTEROFEEAIERL, 1974 (FEF149) E@iiRcEF
Lic, ZOBEHEIBICRTERS D TH B, 1K
DFEIE, MMAREILUTOEEDTH S,

=1, WDHIC, 75mmfl, & I40mmORAM LA

HRE 0 ~120

(B ALmm )
26 %1 KA TERIRN

Bl27 %1 WATERC S5 ABER

BEFEL, chnrbr e 774 MECIHUREIRITL
THMAD “BEAR” BER Uiz, = OB Lk
RLAGHRROABMETH S, £ D “Ak” 1AM
OYE LN THEDESR (BX) #B7%2%, . 75mm
iz, BEI02mmiIZETEEID LD DWTIL, 2
OB EZERTEIEDT L LR Lo TIER LI, 2
WTY y FEHMEEI m I £ A2 b DRTX4
=284 L, 125mmMfRIC “PAR” 2ET1DT B
DERE A~V FRIALTHol, £LT, Trvzr{n
R RE - T “BR” REEL, Vv 7R 6ok
FEL, emOBFROSOUBEEER L. ch b %,
BRI T A 2 — A0 2 v 2 ) — FsEE
E* RIEAREL, #eTrciiciy, EA1xo0,.
B2 2mOBTIROE 1 RATBB R EROM TR L
Tedr, COREE I RATEREXNI AR AR 2 K
26, 27TCRT, A .

ZOE 1 RATER TORERBRENC S\ TRBR U
HED S B, H2ROATEEERICH > TEE Lo
1L DITRDER Y TH B,

7)) Mo B, b T s XEFEDHANE LTIR
BB > CThb ERbhi, Tibb, 5272k
TFHAGRDOIRREE LTk, FEERIROEETHE B
HREERET AIBEEOMMNEBETH Y, Lad, A
B, LA RE RS BORBILR Uik i -
Foo R, b T2 2DRAFAOPIUIE K D K X
{, EEHBROMIENDP LB EETETB4DL
Bohic, ik, 247 r—3RXETHE L0080 = v
AR T, HEBRTRE WY y 7 v 2R3Nk

#FAba—A.ava) - EOMMEL, HEWSEHRE, H45
s mmBIR Wb Tnwb, .
e J;L_L@I{‘m. RTEED OFIFRT X o1,
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6tb,§M2754V@§©waﬁmom1mﬁmf
S RalboR I EPY

A4) SN EoRBEE LT, AMOIE, ik
b OHOBERS D F S CBbhl, ZOZ L%, M
&@méﬁﬁﬁ@%(M%§¥ﬁm)®¢b?%%én
rw%u%##b%?,%%mm%@ﬁ%*b&#&m
mm FH OEOH, F—HSciks T3 EIBAL
THD, WHhIEERS B OB Tolgln s 2in
B B, BCEEDRS WS TRl OfRO
AWM E A ¥ TZTBRTWBDORRD BRI,

v) A UG OBTRERE, 7y 7iREOKRNC
MLTﬁr%ﬁﬁ%ﬁ@&%?,TﬁT%ohait,
B g SRR s Lo T, 2 2 ) — FEE
DM X BT e 7 7 A ADENETE S,

=) TEEELEL S b T 7 2 DEEHAOGRS
KE <, 2WTENHERTHETHE, FHEBERLER
BREOWESNREC/IR 2B ThRH 5 ERD BRI,

) WAEOHE B E 2L, FTARMEZEET %K
X, EIDRGUTHARDOEEN & 2is{ ie HED
flie, SIAMEON TN T, I 2 A bhhDEE
TATV—FENTBE, BMAREHETTLE 5 FORE
BT B, BT, BVPADHARATER G,
FaD Y v 7RI T 5 IR E L AT H
W, Fhic, AT EET 2 Licih, HEDEX
CINT Uletb A% T LiAte, 7o\ LTS L L
TWb, BARFRCATEREERT2HE1CL, 0
I oA WEOEEER L Tdlebiswl, —
FTI, BRENIMAROAB LT DR L HOXE D
fReE LT B E .

6.3.5 £ 2 WATEROIER

FRo# 1 ATERIER L, chicftic 5 R &
> THE bR MBI ST, 1976 (FEFIS1) FEKX,
BEEMIR LTSRN, 28 2 kD AR 2 AR LT
FE L OBREBELL, TOFRFOFELHARIUTOLE
D THh B,

S T) BES R T 7 AMY, EARE 1RO EFE—
L Utm, 2 F b ERALO poor, MOiEAEMT & T 5,

1) BERE R MMEs ok, 5smeTh,
L, MREBES. Sm OfEED 5B, Bihe OBSET
TEBRTELENDEILLTEDL. dbbhHA, &
BOMOE 1 R ANTERTORRT, @IE, £&55m
BRE—ETHTH D ERBRL TV b5 5,

Y)Y Fr7 A%, TEXLRTERCEBCERT

Bied, DEDIL, BRHRCHIT S X SIHAROHD
BER LT D MER R T, @il T rY
s ANEERT A EE L, 2F D IXOTFHOET
HED 1 WEEHE L, 126mm HFET, 2D O
R T w7 7 A MERT D XD RE (22mmg) RO
BHT, FoEE AR THTFRCEE L. 2D
BT OIMilie, HEEANOEMTHCAMM Y BE L
7=, (28R,

=) EEh, ERETERE, g Ahicav sy
—FTHY, FORC BT HROTU-~ LR L
%, BT LERLOMIC Y 2 )~ PR LIRS, E
FeEEIR L AV P EAZAGRITHELRE LT, SECX
BT R7 7 A B A Y P OMmC S > TFEShin X
S ABKHT Uiz, 7o%, BREMOMMAORICIT, #
wRav sy~ LR R TAREL B 50T, £
DY 5k D5, MECIHEEDT v AI—-= L
Holiz, (K28~312M1K.)

A) EEOEREOEITEL 2T, EfiX0.6m,
HAZ2. 1m & Lz, 2 O EEIT s B irtad5k W (60PS) &
EETDOLS 7 Z20OEGEEELTEDLLDTH b,

B28 %2 R ANTERERER (1)
FETOBEROWE TN 7 v 2 —TER)

B8 2 g\ TRERERES (1)
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EI30 5% 2 I A THEH SRR o BT
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. DR R R o
b 125 125 <1+ 125 |~
BI31 5 2 k AT MR
DED, TDITAETD T Z ACDONT, £A4
R 2 DA H B 2 7o\ & ZRF320@)0 X 5 I #E4F &
LI, =5, EAMCR—OAT%E%2 T, v
2R EOBRABREM LIV & 213, FNEO X
SIWHEFIBNE IV EWD Z Emb, ZOmBDOES
DEFRTEB LD, EEERR 24 ¥y 4 X, HEESH
LEDHDTH ol Inks, O, LIETEHO
b, TEBMOPLBELD, LWL EKERDWT
WaDik, W EFTHA,

) BRI, =v O vERATTUIWAREMTILT
WS WWIRIB T OB R HIE T 5, B OTE AT, B
B D AR BRNCEHEIC 72 5 X 5 BB %175, %08
HICRAIR DS DTH 5, FHEOEHTIL, 55mDER
DI HISm DO BIFER S, = v 2 ) —~ e T I,
¥, ZDXOIBERY, AERLCEBATAL
WHENL SUNETH B,

) FHUSE LEFE LA CHEEY, ERETEY L
TWB T 7 2 REXR DD, Wb BRSER
PREE %, EHEOBHIY, HROBMEE (BR
H4m) CBEEL CATERLHRET 2L - T,
BAOEERE BB LT UL & -k,

7) OO ATERORS EOMEY, BEOS
| CER OB FGRR, EORE 13 T EEOMH &\

COBREOERTH ot BORNSZ OB/ REMCRFL T

CoBY, P I xR EREAR AR EL B, BREOkD
C DRV B,

BI32 B2 RATEBRICKTS b5 2 20 2@OEF .
FRABREN

i ooy DRk E ORETH S, Larl, o
BEFTCRQEHONEHT 5 L R RHBICIEET S
XX, &T R s A AOFREET B L TR TR
DT, SERE, RN E BT S HERE -, &
THD, ROVNECEELE, THETTORNRLEINLD
T, TSR ORE IR LTHFM I B2 E
Mofe, BEICNEHIF, 4 7T TRETIEEL LD
BE LR, WTHEAFOR CRE DT, BB R
£r L,

6.3.6 ALEBSE AR OBEEC DT

P EBETE, EERBROEBHATE LToATER
COWT, TDERE, BEORLR, EEOEIW, H2
WOANTERRI 1D, BEECE288%% 58 < Tk
foo 22T, FEOHFR LI ATERN, EFEIESHAD
ELTEACHELE LNENORIFY Ut ic b
A

Fix, BIAATERTORBREY S FL TE 2%KAT
ERERC LY 5 BT, MR, ERCLED LY
Wid B0 OMBHEE S o TR TH 223, Sk fF
DIDB T /e otze LT, Z2TiE, ZhbA
TER T o, REIOFEMEOE AN B OBIFIC O
Tl5, feds, LTFTIE, 82 KATERY R AT
HEgE L5, : ‘
2C, BHANOER MY Ro1-0i, DTFO346%
Rrazsi+5,
7)) A—EEEAA— L 5 2 2T ATERAESE LE
fTlicl &0, ERETMHEEY SAOLE © H 5
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AV
! « VRN

N AVAVA VA \&/\V/V‘\

V fe——— 10sec —=|

B33 IREFRIFER: O IR v ~ L ZEBh o el
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RN #RA L 7 7 2 OXTRHT dB
173 e A B i 12§ oM (4hme6l.5ke)
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#£13 R 7 7 2 OFEHT

B - ‘ o
v — ' e D E F G
N |- I - ,
BRI PS (kW) | 18.2(13.4) 73(53.7) 22(16.2) 23(16.9) - 16(11:8)
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15 BEERBREC BT A HRER S AE (SZ5H83)
B 4 | @ Mo\ F-Ary-| % B | v # | K M| Fzazrixy
N5 7 2K
w5 & b5 oo &R %%?wdwﬁ Mo AR | RS | R — i IRE)—i%
Cmgm o | FEERIR | rmmom | ATEM oM | fRRSEE | (RRoUR BERL
BRRER 3 2 3 1 1 _
ML 60,75, 90 605, 957 e 60~80 60~80 —
- E ke 60 75 95
2 :128-107dB NN
; oA F 7R T NV
E l% K£25 (ISO)I Sm/sz (ISO) géy :120~-116 @{E)+(20—30d B)
A : I'OCT 16526 DREEAEHBI
Mo L (SR | FZG-DFV BS 4220 " (16520) |(TGL24626/21) B 29%3
W1 EERBRARSEC DT, B2 VEIBER ref=5:10"%m/s.
3 FxadBFER ref=10"ms% v FEHAE 95~120dB.
W4 AR ARI975E
F16 FEOHNT (B ke)
R— XA N BARASTF* H A A5k »E$Aﬁ%w FERR A GBS F#5 | PHRR A et
2.5 45.8 (43.5) (38.5) 57.5 42.8
5 48.1 (45.7) (40.2) — —
50 60.1 57.2 49.3 72.9 60.7
95 72.1 (68.7) (58:4) " — -
97.5 74.4 (70.9) (60.1) 94 87.8
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RIBCIET 52 L oEx kb, ABOKERC X - T
A ORBIGENRE S = LRI Rl B ) TH 5
B, 4, BRI ARIEFE L, 0 ARAEER 1 5

fo & & LR CERFIRBINEDE bh 2 REREF—A

e FA—PELRE, b I AR, FEARE
TRERWEE LT, WRCELIMEIRR S b, £ L

T, Lok ApEFARELRIUL, RIEH OB

B, HAIIRECIEELZNL 2R T, LT
TNBBZ L LD, COBER LTV 5DILERIES
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HTHY, MEEFAME, ANMEOEMOBIRN 1 v €~
BV ALEERBRNA v Ee—F vy ARFEAT I, &
2%, BEO L AMBNEAR VI, EROBRTOA
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F,Sinwt
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@%?wﬁﬁbﬁké%ﬁ@%éC&%,Wdi@wm
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52),63),262) [T X » CTH 2 BT\ 5, ’
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IRHEHNSEHEAL TROOR D, —HiREICH
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4 X EFETERA Y 258 L. IBEBULHIERO
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SRR X » TREEY HFfe (3~4HD.
8.4.2 JIE - WIEDE
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mo . FREFEFTOMERER L ) LoBoroEE
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EHIE LR,

Kf‘efl &U$ Ku|€ul, Kaleal :%h%‘h; j]; ﬁ k2 :: CZ,'J'
B, E6 GBIE) wounwT, gk EoEE < "‘T
EEREEDTELLELD, me

T, BIRIA v ©— &V ADERIT, NOEEECH .

THHTHoTc, fLvnffiErfeil, m, DFE - -

EBEELTELNE, mBHDA Y 57 AL jom mg A

'6'355#5 (m 2)*’ m;l

Ze= el o= dom:

T, EEEE v 2 HEeT, B GRIB) aexlE
ARG A= Thamlinson?" Suggs?9 ISO 5983
my [kg] 24.9 36.2 69
hy [kN/m] 13.1 25.8 . 68
C, [Ns/m] 614 483 1540
ma [kl 13.1 18.6 6
E, [kN/m] 19.3 41.3 ' 24
C; [Ns/m] 746 880 190
ms Lkg] 19.3 5.7 —

B58 2 HEEET LT 2~ 2 OfE (—EREAIE)

m1=0.5kg sec?/m
R1=18875kg/m
C1=12kg sec/m
me=2.3kg sec’/m
R2=9687.5kg/m
Cz=98kg sec/m
ms=4,2kg sec?/m

R3=4662.5kg/m
C3=1230kg sec/m
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5960 Muksian®® 7N

my 0.75 kg

m2 5.94 kg
m3 37.77 kg

my 30.53 kg

ku 1.95N/m -
ka1 58.91N/m
kst | 137764.5 N/m
ka 27.19 N/m

kiz 68126.5 N/m
Koz | 126069, N/m
. kaz | 451446, N/m '

ka2 68603. N/m ! E61 Patilnz® e
b lsogg:gl ﬁi;ﬁ i . (R7EIEh & EEREAS relaxation suspnsion DIA)
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A —_ €a1 er
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ELTDmo i, ma, ma i ERERIH LIRS O 5 & ol w=22.708kg

b, B2 E m OV TR o w,=22.570kg
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[63 NIAE O 3o v —% (1971, E£EEY)

64 Suggs ®» ‘Human Simulator’259
w;=22.562kg
TH Do
(i) mi=wi, me=witw, DED m, &L TE
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B(I.Y.) 51.6 —3.30 0.62
CcC (N. Y.) 52.8 —-0.71 —2.22
D (S. S.) 55.0 —1.99 0.04
E (K. M. ) 58.6 —-0.21 0.60
F (K. K.) 59.0 —2.381 —0.26
G M. K.) 61.4 —2.57 2.33
H(T. I.) 62.4 —0.86 0.67
I (F. 1I.) 68.5 1.37 2.18
J (s.Y.) 82.0 5.69 —0.25
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SUMMARY

A Safety Engineering Study
on Seat Vibration of
Self-Propelled Machines and Tractors
for Agriculture

Kyoshiro MIURA

Mechanization of Japanese agriculture has rapidly developed during the last 15 years, and
many kinds of machines, such as four-wheeled tractors, rice transplanters and combine-harvesters
of Japanese type have been introduced into most farms throughout the country. Progress of farm
machines from the walking type to the rjding type, and the general preference of farmers for the
riding type have recently brought about an allegoric expression, the ‘riding agriculture’. Such a
drastic change in agriculture in recent years has caused a number of new problems. Safety problem
in agriculture is one of the major problems which have to be solved urgently.

For the operators of self-propelled machines and tractors, the riding seat is the predetermined
site for their work; and the location and arrangement of control devices around the seat and the
seat itself constitute a part of the space in which they work, or their working environment in wider
sense. From the stand point of promoting safety and well-being of the operators, this working
space/environment has to be safe and comfortable enough as well. Out of various factors which
may burden the operators physically and mentally, the present author took up the problem of seat
vibration as a key component and has made an engineering or technical approach to the safety in
agricultural works : this is why this study is entitled ‘safety engineering study’.

Abatement of seat vibration results in reduced effects on oprator’s health in the first place,
and may also contribute to prevent accidental traumas. Handling quality of machines may also be
improved. In this paper, the author begins with reviewing existing studies on the effect of whole-
body vibration on human health, and on human sensation, especially from the view point of seat
vibration. Then, the problems concerning the vibration measurement and instrumentation are
discussed on the basis of the author’s experience over ten years. Special emphasis is placed on
the methodology which may make the objective comparison of measured data possible between
different organizations, or, which presents a promising practice to be used in type tests.

Next, the method for seat evaluation, which is a vital problem in the practical aspects re-
garding riding seats was taken up. After general considerations on vibration input methods as a test
condition, described is the author’s experimental study on the theoretical, computor-aided design
énd construction of artificial tracks, the profile of which is of statistical generality. From tractor
ride measurements and seat evaluation tests on these traéks, the influence of the body-weight, or
the physical constitution in general, on ride data was made clear. In this connection, the relation
between the results of principal component analysis of anthropometric data and driving point me-
chanical impedance of man in sitting posture was investigated with 10 male subjects. Parameters of
an impedance model are proposed for three impedance curves corresponding to big, medium and
small male, respectively.

Though the establishment of designing criteria for seat suspension systems, based, on the
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tests and evaluaiton methods discussed above, can give a firm basis for devicing counter measures
to be taken, research approaches along this line seem to be still at an early stage. Therefore, a
detailed analysis of various items to be involved in the future researah development was made and
is presented in this paper.

Thus, this paper offers the basis ane concrete methods for objective evaluation of seat suspen-
sion systems, including a tentative proposal of evaluation criteria. Also given are data which are
indispensable for the analysis of the road-vehicle-seat-man system, or, for simulation of vehicle
ride. The perspective provided in connection with problems concerned will be a solid help for the
next step in scientific, technical and administrative way of access.

Given below is the summary of the achievements and discussions in each chapter:

1) Whole-body vibration and man. whole-body vibration exerts various influences on man; the
author made a review of literaures with a focus on the effect of whole-body vibration on human
health, sensation and reduction of proficiency, which are directly related to operators of self-propel-
led machines and tractors. A detailed description is given with special emphasis on the studies of
Rosegger, Dupuis and Iijima who reported health effect of vibration, as well as on ISO 2631 and
concerned standards/guide lines about the sensation level and exposure criteria.

2) Seat vibration in agricultural works. Only a few measurements have been reported at least
since ISO 2631 standardized the measuring and evaluating method. Ride data of various self-pro-
pelled zgricultural machines and tractors by Japanese researchers including the author were ex-
amined and discussed in comparison with those in Western countries,

3) Ride measurements. As it was recently made clear that the shape of the accelerometer holder,
placed between the seat surface and the operator’s buttocks, exerts a considerable influence on ride
data for longitudinal direction, the author discussed ride measurements mainly in terms of the ver-
tical vidration. Particular attention which should be paid to make ride data comparable with each
other was thoroughly discussed with regard to the vibration sensing, data processing and instrumen-
tation. Furthermore, because of the inconveniences in the comparison of ride in terms of fluctuating
rms data in such cases as in type tests or in field tests for general understandings of hygienic con-
ditions, a prototype of digital ride meter was accomplished. This is a kind of rms meter, indicating
an rms value for a given time length; the sensed acceleration is fed directly or via ISO weighting
circuit to the meter, and the integration time is preset or manually controlled. The specific feature
of the meter lies in the calculation of mean square value, which owes the stochastic-ergodic meas-
urement technique by means of Monte-Carlo method. Thus acquisition of ride data for a given
time length in terms of rms is made easier and more precise than before.

4) Vibration input in seat tests. A critical comparison was made among the three major vibration
input methods for seat tests: shaking by mechanical exciter, by electro-hydraulic exciter and runn-
ing on artificial tracks. In case when an official test is intended to be done, the last method has
an advantage of receiving consent for test method as well as of avoiding troubles concerning the
determination and consistency of test conditions. As for the selection of the surface profile, the
author attempted to design the test tracks with such surface profile, as that the power spectral den-
sity of the unevenness is of statistical generality, instead of just re-copying a surveyed road profile.

The power spectral density was chosen as a function of the frequency of the road undulation,

fT1/m],
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S(f)=2562zf)*  [m']
which corresponds to the middle line of the ‘Poor’ zone of the British proposal on road classification
in terms of surface roughnness, but with the restricted range of f. To generate the profile values
by computor simulation, the autoregression method was applied, after the Foulier inverse transform
of the above formula was calculated. Using these profile ordinates, a pair of artificial tracks was
constructed, and positively verified for practical use.
5) Measurements of seat vibration on artificial tracks. Through a series of measurements, in
which the same seat and tractor but different operators were used, the importance ot the adjustment
of suspension spring in accordance with the operator’s body weight was ascertained. This indicates
that careful attetion should be paid to the selection of operators in case of comparative tests. From
the second series of tests, in which several different seats were used in sequence on a same tractor,
importance and effectiveness of an adequate suspension system, such as a suspension seat with the
spring adjusted in accordance to operator’s body weight, was made clear. On the other hand, no
significant improvement in vibration isolation was found with a suspension system consisting of rub-
ber springs of the bellows type. Judging from the results of these serial tests and evaluition tests
for five commercial tractors, the author proposed the tentative evaluation criteria for seat tests as
follows : When a tractor runs on the artifiaial track with the speed of 8km/h, the seat may be
positively evaluated if the vibration level on the seat be lower than 106 dB (re 10~°m/s?), and the
transmissibility of weighted acceleration be less than 70%.
6) Seat vibration and operator. In relation to the fact that the difference in operator’s body weight
brings about different vibration levels on the seat even under the same test condition, the author
paid his attention not only to body weight but also to the physical constitution of operators, and
discussed the relationship between the driving point mechanical impedance and physical constitution
of sitting operators. Numerical indicators of physical constitution were set up on the basis of the
results of the author’s previous work on the principal component analysis of anthropometric data of
110 young farmers. Using 10 male subjects for the impedance measurements, eight anthropometric
data were obtained, and the scores of the two principal components for each subject were calculated.
The mechanical impedance of these subjects with errect and relaxed postures was measured and an
impedance model of 2 degrees of freedom was assumed to fit the data obtained. Parameters of the
model were inferred by means of Monte-Carlo method, but parameters thus obtained were found to
fluctuate in fairly wide range. So that, it was impossible to analyse quantitatively the relation be-
tween the parameters inferred and the scores of ergometrics. The impedance data of all subjects,
therefore, were pooled togteher, and three impedance curves which correspond to the impedance of
big, medium and small Japanese male adults were taken out. Then, model parameters for these
curves were determined. These curves show steeper descent in the absolute value of impedance
above 5~ 6Hz when compared with the ISO curves, which are derived from measurements with
Western people.
7) Problems left for further studies on test and evaluation of seats. The problems were classified
into the following four groups (composed of 13 subgroups), and thorough discussions and perspec-
tive were given for each group : test and evaluation of seats, design of suspension systems, shape

and measure of seats and durability of seats.

Tech. Rep. Inst. of Agric. Mach.
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EEREIRB OB 6, EFRENCBGRT 2 L Bhbh s A
REHIE B 238, F0F — 2 DEESEF 2T, X
LIRZOERYBRAL T, BERAR, R AEOBmR 1
v e — & v ADERBRIC B B BEEE O ik 08y
R L7(8 ), & 2Tk, ZTOERHMEINT VT
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D REFNEE S

ERAMEERII2ZIERE DWW T T -7, BiYET5
FEIDHE LRI T3 6 # 2 b, 7o, =
BT DASROTERC, IREIRBWEE O IR
T BB DRI RES BRI 2 5HE L L CAD 8
BaSHEZRA,

x=fE (kg x=JElES (mm)
%=FHME (mm) x=EMEE (mm)
x=&% (mm) x;=PEATEIE (mm)

% =HEE (mm) %= AT R (mm)

ChHDER BT 5, ENERE, HEGREY,
LRSS DERRTIE, EA3-1, -2 DERHTH
%o '

2) ERASRITRER

FEA3 - 2R UICHBITAIR AV, KE BB ki
FETERDBN X AT o 7. I B AR ERFMTES T
TolkdbDThh, FHEFEI FACOM 230-15 <
o1,

¥, BohiEaE BEN2 A wFEAI-3
FT. ThbD5h, EREORKZ VLD 2 EA &
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RAZ -1 PyrigfE TWwb, LRO 2 18dH ELTEFRS XL, X22EX It
BH OWE B | M| E | e BRIE, ROEEY THB,
- X1=0.05199x;+0. 01063x,+0. 00790x,
L B | ke 60. 14 7.2 +0.01216x,+0. 01839x;+0. 01208x,
2| WABE | mm 794. 80 35.73
s | g & | mm| 1670.84 53 38 +0,01314x;+0. 00884x, — 58. 4708 (A3-D)
4 m = | mm 910. 36 08,36 X2=0.05377%; 0. 00403x,—0. 00607x,
5| B & 1 | mm 378.95 19.14 —0.01037%,—0. 00454x;+0. 03160xs
6 B 47 B mm 206. 54 19.62 +0.01894x,—0.00576x;+14. 3252
7 | EMEIE | mm 336.21 22.38 110 ZOBE BT OWT, 227 X1, X2 HEMHL
8 | EEMTHEE | mm 988. 66 43.54 T7my b LELDONREA3-1TH D, ok, EHHD
RA3-2 B 7 7
%ﬁ%ag } 1 { 2 ’ 3 4 5 6 7 8
1 1.000
2 0.490 1.000
3 0.521 0.729 1.000
4 0.453 0. 469 0.825 1.000
5 0.517 0.538 0. 606 0.505 1. 000
6 0.737 0.309 0.132 0.078 0.274 1.000
7 0.668 0.333 0. 359 0. 288 0.325 0.528 1.000
8 0.449 0.720 0.842 0.505 0.539 0.189 0. 340 1.000
EAZ -3 FEFMELEE~N7 b
% B 1 2 3 4 5 6 7 J 8
EA1E 0.1518 0. 2703 0.0407 0.6327 0.5405 1.5349 0. 4292 [ 4. 3998
0.7769 | —0.1483 | —0.0870 0.1330 0. 0859 0.3922 | —0.2106 0. 3789
Il 0.0795 0.7063 | —0.1104 | —0.5333 | —0.1264 | —0.1436 | —0.1301 0. 3802
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7 —0.0803 0.0128 0.0034 | —0.0254 0.7977 | ~—0.0875 0.4738 0. 3524
» —0.5384 | —0.1278 0.1003 | —0.2024 0. 1555 0.6197 | —0.4226 0. 2365
n —0.1531 0.1977 0.0012 0.2931 | —0.4572 0.4239 0. 6134 0.2944
—0.0920 | —0.6196 | —0.3961 | —0.3750 | —0.2857 | —0.2509 0.1324 0. 3848
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— ———i(x1) DTELAKT B LRI R,
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EA3 -4 ERHOEFLEE
| #1 RS XD o2 m S (X2) 2
& & {8 i 4.3998 1.5349
Vai 2.0976 1.2389
F 5 R (% 55.0 19.2
Eil o2y 55.0 74.2 G ELO
B o/ O~ F 5 X B H -~ # 5 K BR& 5 X
7+ (% 7+ %) (%)
1 f& = 0. 379 " 63 0.392 24 87
2 MAHE 0.380 64 —0.144 3 67
3 % B 0.422 78 —0.324 16 94
4 P = 0.345 52 —0.294 13 66
5 B & I8 0.352 55 —0.087 1 56
6 B BEE 0. 237 25 0.620 59 84
7 EEALBRIE 0.294 38 0.424 28 66
8 B TEER 0.385 65 ~0. 251 10 75
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b) Gy =axicosfd —axysinf ki, ]
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