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Study on Application of Engine Load Estimation Method Using Crank Angular Velocity Variation to
Spark Advance Control
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The technology to estimate engine load using the
amplitude of crankshaft angular velocity variation
during a cycle, which is referred to as “Aw (delta
omega)”, in a four-stroke single-cylinder gasoline
engine has been established in our former studies.
This study was aimed to apply this technology to the
spark advance control system for small motorcycles.
The cyclic variation of the Aw signal, which affects
engine load detection capability, was a crucial issue
when developing the system. To solve this issue,
filtering functions that can cope with various running
conditions were incorporated into the computation
process that estimates engine loads from Aw signals.
In addition, the system made it possible to classify
engine load into two levels without a throttle sensor
currently used. We have thus successfully developed
the new spark advance system that is controlled in
accordance with the engine speed and load.

1. EANVE

NI TR II B KR L TH D, MERBRET T 5
AT 2 5, ZOMREGNFEIEELFETH
3. BRBEUGERE O —212, TV Y VAR L 7 AFEHE
ARIEA DD, —MRIZ 2Ty FLEY Y FEHWTEA
fizRmLTna, 20y LB X V9 id, HbiH & B
EEMNTEET VY g 4 — 2RI S EAKAR D
BEpE A3 20y FL A Ay FRIDNI TR TIE S
SHWHER TV, iR IICBRMG Y 257 4 & LTHK
FHEGFR 2 fif 2 TV BRI ERH X W Tl b, KAEHIIE
* “#E R&D £V & —

Iy vEEE 2Ty PARKEICIECTECUICEE S
EZWItY y TR ISR TS, BEEHoF v T
VAKRRICERH STl D, KAERHHIZ Z 2 » PILBIEIC
B CTI Y Y v gL KAERHH OB R4 &4 O Rk
T~V TEYDEZ LTRSS, L2LARD,
F o 7L &AM L e A TR 2y LR
By aiai oo, KMEEMEIEA I Z 5> Tk
WEFILNRLN,

HWRE4Z bu—r 2y oy BIR, JTEM, BE, R
D1 A 2Ny T v o fifiRE O BRI 22 2 8) % F5D
ZeEL rsmehTns Y. 0y T v sk L



VI UHMAREREEICLS T D AR FARM AV XIBEATIEOEALME

BOIRIE Aw &, XN TFHERIE) & BIBERICH 5 2 &
PHTH 2 sk S TEIEE N, ZOBBICHED X, Ao
ERERDIY D UMMBA TS 2 5V 2RV Y 3 VS
DiEF# S LICHEL, Bk T4 22 pBEEe 34+ v
K= FTT VY V% VT 245k X e 2,

A2, Ao WY Y VAR TPHE (Ao ) 12
FoTZ v Y vAEfiE ZEBOL NLIZHBIL, 24 v F
FEtMoza Y PLEHEL Y (AT y PLAAL v F)
#RETEBAMANY X T AOEBEHNE L7,

AN, Ao e Ak EzaY v 7 #EZL L2 R
12, Ao \ZAHAET 29 4 2 LEAB N BRI 5 2 5 s
IZOWTHGET A2 B 2 & > 72, et DR, Ao DY 4 7 L%
A TEG BN Y F 22U, KAER 2258 U
WEWIFEN S L 572 T, Ao DY A 2 ILE
FNEC 2EINIOWTHEGRNZRE B AW, ZORE
SMEABI S I U7, RIS, T OHEER%E & LI FIRGE
B, FEMEOMIEE LTy v v A%
FTAWEBFHC T 4 L&) VS UPDEA % 35 T 75 - 7=,

DL EORER, Ao hE G 72KfEEfARIEE, 29y b
2 A FEPERL 7200k 2T 4 & (RIS 0 B B9 B e
HEEN, 20y PLZA v FORENRAREE K72 Z
hizkb, 29y ML 24 v FEFIEL 728K 2 KIEHE
HlH S 2 7 2 OFFEIZEI U 72,

2. TERD NI A HI AR

AT TIL, PERDKACHE MIEEFE i O EE % FiH 3 5.
ZOHHE, 2gy P24 v FORPESICED Y Y
Y OAGIIREEER ZEFEO L OLIZHBIL, 2D L ALIZE
U AR & 3 2 1l T b .

2.1, R ERH
Fig. 1 12fiERHmG O 41X, Table 1 12 a0 F 9554

Fig. 1 Experimental motorcycle

Table 1 Specifications of experimental motorcycle
ltem Specification

Engine type Four-stroke single-cylinder
Cooling system Air-cooled

Bore x Stroke 50.0 mm x 55.6 mm
Engine displacement 109.2 cm?®

Compression ratio 9.5

Spark supplying system Full-transistor

Fuel supplying system

Carburetor

Continuously Variable
Transmission (CVT)

5.6 kW at 7500 rpm
Maximum brake torque 8.57 Nm at 5500 rpm
Curb weight 108 kg

Transmission type

Maximum brake power output
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Fig. 2 Carburetor with throttle switch system
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Table 2  Factors of cyclic variation of Aw

Classification

Factors

Parameters in
Eq. (7) and (8)

Examples of specific phenomenon

deformation of components
outside the crank system

Internal (a) Change in moment of I Change deformation, Large ware, Breakage
factors inertia of crank system (Unusual phenomenon)
(c) Variation of IMEP Toy Variation in combustion state, Occurrence of
misfiring
(d) Variation of friction T Repetition of sticking and slipping between
piston skirt and cylinder sleeve (Unusual
phenomenon)
Vibration derived from Internal force | Torsional vibration, Out-of-plane vibration and
deformation of components in In-plane vibration of components
crank system
External (b) Variation of engine speed R Acceleration and deceleration by throttle control
factors
(e) Variation of load Tout Unevenness of the road surface, Changes of air
resistance, Changes in posture of motorcycle and
rider
Vibration derived from Tout Vibrations of drive system, vehicle body and

crankcase, etc.
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