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Spectrum Analysis of Tractor Vibrations and
Heart rate of its Operator in the Moving
Across the Cut Over Area of Forest

'Yoshio Fujin and Shiroo FURUTANI
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Fig. I Time series changes of tractor vibrations (VIB.), and heart rate of its operator (HR) in
T the moving across the cut over area of forest. Broken line is vib. of a seat and solid line
_is vib. of a frame.



217

Fig.1 iz + 7 7 2 &8 (VIB. G £iR) B LU ARV — 2,088 (HR, [6/4) OEEHES D
Befamd s MBUEERMNE 7 7 2HEKD, BRB LS 7 2EFETOSDERL T3,
BB OBEREMTH Y, RBE, OEEL2BSEICY YY) VS UEERT By FLTH B,
AR AR > T ED &, + 3272 3ENOK 2 F0PHEBERMIL EMNBIEL T 2R
B ARRE M L7 20 1 THEM M AICA G TET LTV . RN, BEEHRDBZ 2 EIKBL T, R
&, CHEMBEFHL TS, ZRBOLTKRF THIBOLR P 7 72 8K& PB4 ICHIE
LTW5, £D% b3 7 2 ZK0OBEET £ 10, RAFLECSHEESR I LICEE/HAET
B, COBBREIITA F) U IRETOEN—EDEARL TN BN, F_L—&O0HHIT
FIOEBELLTORICp b oTEHAZEDTORY, chidAv -2 HEFLOMS
BEREICE 72T, FREEEHLLELD, ILAZROVANVEDEAFEZHMLALDOLTHS
TEBTHEN, TOXI LR L 7 7 2B E 0D HROIEENDOHIE LT, b HKH
k- THEMRDT ENME, EETEHDTH D, MARDCESIcEEL 52 3WRTFORE
BLEOXOCEO—HERTOIDTHEILELL Do BT 7272 5ETE2EEL, HLK
Z L TFTFULT, FREEREESREDRL D OREBHICKEL TH 2 REKPHESHERLD
J, +7 27 20EFHEME OONETAFEICE S, Choi 2 0BT SV S ERERE
213> T bo

COEHICTVvEFLEHTARBBICOAROACHERREHE L oy b L £ 0 58
Fig.2 Th %o Fig.2 FH#ICT 724 o (BN © %, SECRE(LL - D CARBEEK
R.. (z) MBE-TH 30, T onhbltRENEZhOME (A—taves54) sir
OHEMEFICETY ERBHIC, DL O2DhDLERENELL, 7L oEs GEAM) mab
FEMEIch, HLRAYPHRANEENTLI LI CETH D, AEHETOHA, A
DEMEEROERICR SN KD BIEES A 7 VicH IS 2 BETARKEED Shd, 24
MICIR S ¥ 8 LR DI DK TH 5T ENDh 5o

CDF Y ELEBOFICET N ARSI ZLOFHLCHNB LD ICHERBERE7-) =
AL, 2 VBRARTORTEARKBEBRTORTKBEESMA 0N Fig.3 @7 -2
R VEEEE P, () THB. CHEERYBBANED XS IHRE (57 -) THHLT
WAIETRTOOTH D, BB EERE, BT -2 FVEE Py (f) HEE-T
H 5, Fig.3 TETHICO ORMRE, OOEILAREH 0Hz fHific, 2% DIEFHPRMR

- S
-—— i H 1
. aeRat vib. & Tl I ~— Frame vib.
) =--- Seat vib.
! Rodt) | B — HR
0.5
75 005
0 ( N
qf’ ’\\
-osh o PN
o o W6 W5 W6 8 T T Vb
Fig. 2 * "Auto-correlograms of tractor vibrations s FREQUENCY ~

and operator heart rate (HR) . )
c Fig. 3 Power spectrum density functions of

tractor vibrations and oprator heat rate



218

BT BT =RELNCETH D, CNREOHEMBEETAR LD IC, 2NICATS v
FLEMT EIROBRIEZCLIKBT20TH D0, BicE s, &Y, WAL 1/20~1/
24 Hz fHEICEONRT —BEELTOE089»5 L, 35icikRETId 1/THz fHic, LR
TR /5 He B b T —DH BT B nde CORREFAT 220, ZCTHDTH
PRl L e € F AT =T B AT ORBRE MBI S Figl Kk-TrF7 7208 &
ZiBoTHDE, FREOKRRBHMETD, MEOMMPEEPROBLEICE 5 72 BAKELW
N, REVHEBHICKESB->TOEESBMIrFdRZT oD, COFmBHRY ERIO
HoOREY (232 BROTHRYEDD 2 O TN, HELLT) ZIX2LHHIHTDH
Y, BB ST —DEH - 7 B 1/22~1/24Hz i i21ZIEL TN B L5 TH 2 L, DHEED
CORBEHEZIEUAERTEST IR LR >Tb, LT Fig.l 0%LonikiEs <
DEL, SR TRAKRSEZMLOT O>OETHEE K, —HMOFBRELIEEBNEEZL L &
CORBPZEIZIOHHRTH BT &N, PROEFAT—FOBFA» A0 5D, Fig.l OiRE
OEBHZHZ0LIRAPEBEDONEL, LHEEbIZEZENICHBR LRI EHE->TED, %k
@ 1/15Hz @97 =2 icH b EEZ b, HEiklc, +5 72 DREICL L 1/THz
DT =13, ETHEFrZESEBLT LS 7 2 BNERHLED S % 2 EENRICGERNT 3 &
DERDLNDD, 5 EBEBICIHEYT 507 — 2 0ERICR RSN T, EREEE TR0
BURREICIEE L TOIRN T EMD M5,
D ¥, TREMZE R & OHEEOME
Aol Tfame-satve HAABIBANOE B L RIUR L7c oW Fig. 4 T
- Seatvib—HR Hbo BEICT I EA 4 1, HEICEELL
7o FHE BB Ry (v) H3E-~ThH HM,
DHE—REMEO 2 KO (7axava
)R BWNSOHRTIR BB Uk AR
¥ (1/22~1/24 Hz, 1/15Hz) T HE £
DT & AT L ABICHE ORE Y S 2
RINMWH B EERLTN S, RE—IRE)
ofiil =0 THAELED HEOTHIRINEL, 2Kk ELTIF v F o EBIENTH SR
i, T AWNRVFITRPR VB T —DdH - BEEicEd 2 HAHTOEBOREEERL T
Wk, Fig.4 @3+ 7 7 2IcETAHBNRILHBRERORYD LAIUELT, BEITh B4
DM FRTACEERBLTH S,
CHEHBERELOF L R DI AERBICERBARAE L, ThEs Figd KR
To RERIZ, DIAHEENICHT B HNOMICE ORERENINIEND 5 ina LB FHRAE R
LODRABBTEICRTODTH b, 22 V1Y (FIB) BAHEM B EORMHOHAERL,
D=~V ry A BBEEROREERTEOT, 0& 1 LOMZEH L, TLETHRENIEEDY;
BCIDEE LD, 7x—X (M) BANERNTEOREDTNOERARRTHDTH b,
&T, Fig.5a) BEBAREZ AN, BERHEUNIELLBAETH 50, —BIEHEEBERE©RN
THAVMIEZBL T3 e—Vvryyv4 EL, 2RNIATHREDBORENERICHLC L
MaMmbe TUT, 7 2—XdDRELAEDAERIRT 01EL, WREMOBEICRMIEOTH
MANT &b inBbo Fig 5b) REAKRIZ AL, OHEEEHT, Figdc) REERH®A
7, DRBAEMOLLUTRE—OHBEOBELZHELLLDOTH LM, £hicae—L vy
AREL, FROABOTNORECRDBOBRERRICE L. FEOMEFEAE, EREEIR

408

Fig.4 Cross-correlograms of tractor vibrations - -
and operator heart rate
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Résumé

In the moving across the cut over area of a forest, the vibrational accelerations of a
tractor frame and seat and the heart rate of its operator were measured continusouly
with an FM teremetry system. And the dynamic response characteristics of them were
searched with the spectrum analysis, in which the data obtained were interpreted as the
random and digital ones (N.B. as for the spectrum analysis for the case of the tractor
skidding operation, see literature 1)). As the results of analyzing the auto-and cross-
correlation functions and the power spectra, the followings became clear: In this case,
the travellings of a trcator had not such .a certain operating cycle according to the series
procedure as the case of the tractor skidding operation ‘and were apt to considerably
depend on the conditions of the surface of forest, so that both the vibrations and the
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heart rate changed randomly as a whole. However, in spite of the domination of such
randomness, were also recognized in the. changes of them some periodicity which nearly
corresponded to the periods of a set of forward and backward travellings of a tractor etc.,
so the correlations of the heart rate with vibrations were perceived. And further, through
the analyzing the frequency response functions, it was proved that there was a clear
linear response between vibration of :a tractor frame and its seat, but there was little
linear response between vibrations and heart rate,



