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Rotation Fluctuation Analysis of Accelerating/Dece erating Gears
Using Two Closdly-located Sensors

Takeshi lino,” Hirokazu Tatekawa! Hisanobu Mizukawa,” Kazuhiro Nakashima?, and Hideo Suzuki”

The most common way of obtaining rotation pulse sgnalsisto use sted gears and e ectromagnetic, electrogtetic, or

eddy-current type sensors. Instantaneous rotation frequencies are obtained directly from time periods between adjacent

pulses or by use of the andytic signa (Hilbert transform) method. In our previous papers, a method of removing

rotation frequency estimation errors caused by unevenness of tooth shapes of a gear was proposed and examples of

numerica andysis using the proposed method were presented. This paper discusses the same topic for cases with

accerating and deceerating rotations. Another difference from the previous paper is to use instantaneous rotation

anglesingtead of instantaneous rotation frequencies.
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Fig.1 A rotating gear and two-sensor arrangement of the rotation
pulse generation moddl.

() = £ () + ()
B0) = £, (0) + f(n—M) (M)

INHDEELD, IGICH T — Y & H (DFT) 2L,

fio()=fy(n) = fo,(N—=M)

F1—2 (k) — Fsp (k)[l— e—j 27kM /N ] 2

MESND. ZZT, f(n-m o N SBE7 — ) =758
FRexp(ji2nkmN) THZBNDZ & EFHANTHS. K2
5 Fo(K) Z3Rked, BEH7 — Y =254 (IDFT) 95 2 &£12kV),
L DAEI L2 G o

fn) =IDFT[R (/L€ 77 ©)



NRD SN, MWﬁ%%%%?é’&’iDEWE%E&ﬁ
BADELND. RERT 2% FCoRBNEIC R DR
ﬁi,M—O&UM(Miﬁ/#ﬁ@@ﬂﬁﬁuﬁmTéﬁ
CIVENCEBWTRAET DA, oA TS st
B LT HHIMOIMNFF > TITL ZENTE .

WO R —MEDIERITEHAO LB 453 O R A I UL
200 CHIZ—EORIEILM (7)) 2o THND
DT, 200 Y EHVUIEROFEICLVRETLIZ L
NEAEE 72 5.

DIV, EFEBEROSAICHRREER S Z V-G L T»
2708, EMEEREEOSN LR ERIETRT D56 ORERAEICS
WTHREEED Z E DN SEo. [FEEEASEER] 0~T(9) DRz |l
BED 05 f, (ps) F CRERIIR L CEMIICEL, E
AT IUCERE SND O L5, BHEEER0

S DEWRJE L & FaElis A B LE R O RBL CENLEh

LLfa—fi) U f1),2
T ] @

ft)=f,+~—2—t, gt)=2nft+—2 L

TEz b5, 2 >OElfR L AFE- OB LS ORI

nn

@, (n) =27 f,nAt + 2~ ]«mn)]+@(m+@pm)

() = gy + 27 fynt+ 211 o (nat)2] + g, (1) ©)

+ ¢y, (N—M(n))

f%#:&ﬁf%é.::T,ﬁ@@$@m&ﬂﬁ%$m%
NENE (true) 3 LUl (spurious) OALFHZE B> C

D, FNLANOET—EME D DN T D5 “CZ?)%)
—EME & DM T DR ZBRE LT d & OFHEEE)
BIZoWTIER(QD), (2 & 2< R UBHRMAEKY L.

@(n) =g, (n) +g@y, (n)

- ©)
@ (n) =@, (n) + @, (n-M(n)

7272 L, MIN)IFEMEEAZELT 20T, —EE T2 < IFHE (n)
OB E LTS MERH S, [EisEks BT E—EIcT 5
W2, —EREREOY 7Y S B —EAHE (BlEA )
MgV 7YV ANEZDMENDD. RE)D[ [ THEZD
ND MR LA OBIRAR D SUE, b E DL ERIC
KLU —ED VYTV TEITHZENTED. Th
IZE-T, MNH—EIZRY, —EREROEA & R S
ZENTED. ZOHROFNISTRQE) EF L THS.

3. Al L RAERET L
[Edi5/ )L A5 5% Ao [BRRZS B O AT IR O REEE % 3
% L, [BERZEENO BEAEASY h> o T B lEldn L 2 F B4R
ETNVEFIAT S Z EIEARAIREESTIN(D). ZZCThHAI
[B] & [FRRDEER SV AERET NV ERAND Z L &T 5.
3.1 IR

Fig. 20X 7 OMIRD T A Z L LT, TV 2—/L: 2
mm, Bk : 72, JEJIf 208, TEVS &4RH: 0.25, ERNIAREL
0, REDEHETHELNSEA R ) 2— N E WD, HF
ROREREMEITEAE L~ F: 6283 mm, HSEM L 74 mm,
WA A : 69.5mm, BieH Lo HINEEE : 1589 mm, K
MER:0.76 mm, BEZEMEEY: 02mmZE AW CEHE L-E Th
B, 72120, BRI Y FHERICX T ORERAE (rad.)
AR, #EmIXTHERTHD. Fg2EETAXT
OHBRETHZLICEY, BV HETFATIZTHZENT
&, HEAME(LTES. 2B, HPORENIKICE NS
Y ORKNEER Gmm) 2RLEELOTHD
3.2 B YRR

Fig3 I ET N Y ORENIES AR L TED X 124
ET20hOMEZ R LIZHOTH S, FilES 1.25 mm TR
FES 1, I 25 mm F CEMRIIEN 05 FTRT, &5
(AR 5 mm TIRE 012725 & 5 ICHEBANCIE T 5. &
T ORE T Fig. 1 OHECTEE 2 T EIC i&w%wtﬁéfm
L, BEZHCRBEBET S, HDHVIL, EEIFHIC

WRRKTHDHEBEX DL HTED.
T 74 —~
E
o 72
2
B 70}

=10 -8 0 il 10
distance (mm)

Fig.2 Tooth shape of the modd gear.
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Fig.3 Sensitivity vs. width characteritic of the modd sensor.
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Fig.4 Sendtivity vs. distance characteristic of the modd sensor.
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Fig. 5 Rotation pulse signal of sensor 1 and difference between
sensor 1 and 2 signals.
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Fig. 6 Spectra of arotation pulse signa before and after the
re-sampling.
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Fig. 7 Spectra of rotation fluctuation before and after the application
of the two-sensor method.
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Fig. 8 Rotation angle fluctuations of sensor 1 before and after the
application of the two-sensor method.
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Fig. 9 Rotation angle fluctuation estimation errors.
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Fig. 10 Anglefluctuation spectraof adece erating ring gear rotation
before and after the gpplication of the two-sensor method.
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