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Method of Estimating Instantaneous Safety Factor for Self-optimizing Control of Clamping Force in CVT
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ABSTRACT

When fluctuations in the drive pulley speed are
transmitted to the driven pulley via the metal V-belt,
the transmitted fluctuations are attenuated according to
the belt slippage. The research discussed in this paper
focused on these fluctuations in the pulley speeds and
developed a method for estimating the instantaneous
safety factor for belt clamping force. First, a vibration
model was built by regarding the drive and driven
pulleys as a one-dimensional vibrating system
connected by elastic bodies. Based on this vibration
model, the instantaneous safety factor was then
estimated from changes in the pulley speeds. In order
to verify the method’s validity, the actual safety factor
was calculated by measuring the driveshaft torque and
belt clamping force in a test vehicle and compared
with the value estimated using the proposed method.
In verification testing, changes in vehicle body weight
and left-right wheel differential were applied to the
test vehicle. With the assumption that aging may affect
the results, verifications were also performed with two
test pulleys with different coefficients of friction.

The results verify that, in the required estimation
accuracy range of a safety factor of 1.25 or lower,
instantaneous safety factor can be estimated to within
an error range of 2%. Using the proposed method, belt
clamping force can be adapted even for changes in
friction coefficient, a traditionally unknown variable.
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Table 1 Test conditions

Vehicle speed 70, 80, 90, 100 km/h

Speed ratio, i 0.468

Vehicle body weight 1440, 1651 kg

Differential diameter rate, g | 0.9-1.1
(used chassis dynamometer)

Oil temperature 85-105 degC
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rigidity of drive shaft
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Fig. 14 Changes in estimated instantaneous safety
factor over time
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List of Symbols

a,;  Amplitude of speed fluctuation
(1: drive pulley; 3: driven pulley)
¢ Damping factor with belt slippage
Fprpn Tangential friction force on the V-surface

(DR: drive pulley; DN: driven pulley)

i Speed ratio, Npp/Npy
iin Gear ratio of final reduction
lgee Gear ratio of secondary reduction

L Moment of inertia
Iy~ Moment of inertia of driven pulley
I, Moment of inertia of differential
I..  Moment of inertia of secondary shaft
ky Compression stiffness of belt
k, Equivalent torsional rigidity of drive shaft
kyr Torsional rigidity of drive shaft
(L: left side; R: right side)
m Amplitude ratio, a;/a,
Npron Speed of rotation of pulley
(DR: drive pulley; DN: driven pulley)
N, x  Speed of rotation of wheel
(L: left wheel; R: right wheel)
Prrpn Applied oil pressure for pulley thrust
(DR: drive pulley; DN: driven pulley)
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QDR,DN

Qmin.DR,DN

T'br,DN

RDR,DN

RL,R

TDR,DN

Tmax.DR,DN

OlpR,DN

BDR,DN

0,

0,

0;

Pulley thrust (DR: drive pulley; DN: driven
pulley)

Minimum pulley thrust for transmitting load
torque on pulley (DR: drive pulley; DN: driven
pulley)

Effective radius of friction

(DR: drive side; DN: driven side)

Belt pitch radius (DR: drive side; DN: driven
side)

Effective rolling radius (L: left wheel; R: right
wheel)

Load torque on pulley

(DR: drive pulley; DN: driven pulley)

Maximum transmittable torque on pulley

(DR: drive pulley; DN: driven pulley)

Safety factor

Mean slip velocity between belt and pulley

Linear density of belt

Active arc (DR: drive pulley; DN: driven pulley)
Belt wrap angle

(DR: drive pulley; DN: driven pulley)

Differential diameter rate

Relative error of estimating safety factor

Phase lag

Power transmission efficiency

Mean friction coefficient on the V-surface of
pulley

Degree of perturbation of angle of rotation of
drive pulley

Degree of perturbation of angle of rotation of
elements wrapped around driven pulley

Degree of perturbation of angle of rotation of
driven pulley

Natural angular frequency

Excitation angular frequency

1/2 the V angle

Quantity of slip state

Critical state quantity (elastic slip limit)

mE Enl

Wb %P





