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Continuously variable transmission (CVT) belt testing equipment (outline: Fig.1 (a),
photograph: Fig.1 (b)): testing equipment to evaluate the durability performance by rotating
a CVT belt under a test condition of a constant speed (€2;) and constant load torque (TM1)
(target: Q1 = max 58.3rps, TM1 = max 180Nm). By measuring Q;, ASR (automatic speed
regulation) is performed through INV1/M1 (inverter 1/motor 1). And also by measuring
TM1, ATR (automatic torque regulation) is performed through INV2/M2. In this experiment,
ASR was performed with a feedback control (r1), while ATR was performed according to a
torque command (r2) without a feedback control.

In this test conditions, the rotational speed Q; was kept set at a constant speed 58.3rps, while
the maximum load condition was targeted by 200Nm, and the load was gradually increased
up to this targeted value. This equipment had experienced excessive vibrations at TM1 =
145Nm of Fig.2, as already indicated in D&D 2017 v_BASE ,No.14. As the countermeasure,
a dynamic damper (DM 1) was attached to the input shaft as shown with the result given in
Fig.3. This solution allowed that the operation was possible up to TM1 = 180Nm. On the
other hand, however, it caused the similar excessive vibration problem on the output shaft
(TM2). The same solution was attempted for the output shaft.

As indicated in Fig.4, a frequency analysis revealed that the problem occurred at 177Hz, and
it was also clarified that this frequency slightly decreased with an increasing load, as shown
in Fig.5. Thus, it has been identified that the frequency of power spectrum during test
decreased, and as shown with doted lines in the above figure, when the natural frequency of
the output shaft became three times the input shaft number of revolutions, that is, under a
condition > = 3Q; (= 3 x 58.3rps = 174.9Hz), oscillations hardly occurred.

In order to avoid the frequency condition w, =175Hz =3, a dynamic damper 2 (DM2, Fig.6)
that was tuned to a frequency equal to the major component w; = 175Hz was fabricated and
assembled into a position near the output shaft CVT belt (bottom of Fig.7). The shaft natural
frequency after assembly was dispersed into {145~225} as successfully shown in Fig.8
shews the operation result. As a component @ = 175Hz disappeared, operation was made
possible up to the targeted torque of TM1 = 210Nm.

Regarding this equipment, the following two feedbacks refleetions can be pointed out:

(1) Initially, we thought that excessive vibrations occur when the difference between the
single shaft system natural frequency of the input shaft and the output shaft (o1 - @2 =
198 - 175Hz) matches the number of revolutions of the output shaft Q. Thus, it was
intended to break up this relationship by modifying @ - ®> of both shafts, but because of
the equipment restrictions, ®; and w, could not be changed adequately. As a result, this
condition was avoided by the addition of DM1. The shaft system was originally designed
to allow the easy occurrence of this condition, “®; - @“, which should have been
reflected.

(2) As mentioned in this Report, the problem this time was that resonance was liable to occur
when the natural frequency of the output shaft m> became nearly three times the input
shaft number of revolutions Q; (w2 =3 x ), thus DM2 was added. At the initial stage
of addition of DMI, the necessity of DM2 should also have been considered
automatically to fix it on the output shaft.
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Fig.8 Temporal shaft vibration (DM1 , DM2 installed)
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