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Abstract—New applications are proposed for pulsed motion of a continuously variable drive for sawmills and
worm presses.
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Fig. 1. Characteristic of pulsed variable-speed drive: m1n1,
working pass; , idling pass.
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In pulsed variable-speed drives, working and idling
passes alternate. Motion is transmitted to the driven
shaft by periodic pulses, as illustrated in Fig. 1, where
the working section is  and the idling section is

, with the following mathematical descrip-
tion [1]:

• for the working section

• for the idling section

where  is the mean gear ratio of the variable-speed
drive;  characterizes the nonuniformity in the motion
of the driven shaft; ϕ and α are the angles of rotation,
respectively, of the driven and drive shafts; k is the cov-
erage of the parabolic section in the diagram; and a, A,
B, R1, and R2 are constants.

To prevent interruptions of the driven shaft’s rota-
tion—in other words, to ensure continuous rotation—
several conversion mechanisms (between two and
four) are used in variable-speed drives [2]. Their
crankshafts are uniformly displaced by a fixed angle,
while the working passes are synchronized with the
idling passes of others, thereby ensuring continuous
motion of the driven shaft.

However, in some machine tools, the working
motion alternates with rest: specifically, in wood pro-
cessing [3]. Such facilities mostly employ saw frames
produced at Danilov (Yaroslavl Oblast) for domestic
use and export (to 24 countries). Despite its high pro-
ductivity, the R63-4B saw frame also has significant
deficiencies: a considerable metal content; continuous
supply of logs for sawing; and a multistep gearbox.
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In continuous motion of the log, its pressure on the
saw, in both cutting and idling passes, sharply
increases in the upper and lower dead positions of the
saw frame and especially at the beginning of upward
saw motion. That may lead to slip of the supply mech-
anism.

Discontinuous (pulsed) supply permits synchroni-
zation and phase matching of the saw frame motion in
cutting and pulsed log motion (Fig. 2). That decreases
the peak load.

In the supply mechanism (Fig. 3), housing 1 con-
tains the control mechanism with controlled shaft 3.
Sprocket 4 on this shaft is connected by chain 5 to
crankshaft sprocket 6 of the saw frame [4].

Control mechanism 2 is connected to crankshaft 7
with a crank of variable length. The crank 8 of con-
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Fig. 2. Pulsed-supply characteristic of saw frame: vfr veloc-
ity of saw frame; vlo, velocity of log in continuous supply;
vc, velocity of log in pulsed supply.
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necting rod 9 and the bypass coupling 10 of the free-

play mechanism are connected to driven shaft 11,

which, in turn, is connected to supply rollers 12. The

gear ratio from crankshaft 6 to crank 7 is one. The

rotation of crankshaft 6 is transmitted by means of

chain transmission 5 to control shaft 3 and then to

crankshaft 7. Crank 8 sets connecting rod 9 in motion.

Through the free-play mechanism, this motion passes
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Fig. 3. Drive mechanism of saw frame: pulsed supply drive of fr
mechanism of variable-speed drive (cross section B–B).
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to driven shaft 11 and supply rollers 12. By adjusting
crank 8, the supply is modified. Depending on the
crank position, the driven shaft may acquire working
motion or, alternately, will be at rest, when the saw
frame is in its idling pass.

The drive of the pulsed supply mechanism in the
variable-speed drive is shown in cross section А–А in
Fig. 3. Housing 1 contains control mechanism 2 with
control shaft 3. The control mechanism has two heli-
cal gears 13 and 14 with the same number of teeth but
with opposite tooth orientation; these gears are rigidly
attached to shaft 3 [6]. The control shaft, mounted on
roller bearings, is placed in sleeve 15 within housing 1
and may move along the axis with respect to the exter-
nal device (not shown in Fig. 3).

Gears 13 and 14 are kinematically coupled to heli-
cal gears 16 and 17, which also have the same number
of teeth but with opposite tooth orientation [4].
Gear 16 is mounted rigidly on crankshaft 7, while
gear 17 is able to move on the same shaft. The crank-
shaft–rocker conversion mechanism is based on
crankshaft 8 of controllable length. Eccentric bush 18
is able to move on the eccentric pin of shaft 7 and is
kinematically coupled by means of ring 19 to gear 17.
Connecting rod 9 passes through a slip bearing and
rests on bush 18; its other end is connected to the drive
element 10 of the free-play mechanism.
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ame (cross section А–А); conversion mechanism; and free-play
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Fig. 4. Comparison of the existing design (faint lines) and the continuously variable supply drive for the R63-4B saw frame.

Existing R63-4B drive

Continuously variable RIV-4M drive
Sprocket 4 is mounted on controllable shaft 3 and

coupled by chain transmission 5 to sprocket 20, which

is mounted on crankshaft 6 of the saw frame. The gear

ratios between the pairs of helical gears in crankshaft 7

and controllable shaft 3 are equal, while the total gear

ratio from crankshaft 6 to crankshaft 7 is one.

The pulsed supply mechanism operates as follows.

Rotation from crankshaft 6 is passed through the chain

transmission to controllable shaft 3 and then through

helical gears 13 and 16 (see cross section А–А) to

crankshaft 7. Then, through connecting rod 9 and the

free-play mechanism, the rotation is transmitted to

driven shaft 11 and hence to supply rollers 12.

The inverse pass of the free-play mechanism’s con-

necting rod (cross section B–B) is accompanied by the

idling pass of drive element 10, and no motion is trans-

mitted to the supply rollers 12. The pulsed supply is

regulated by adjusting the total eccentricity of crank-

shaft 7. To that end, controllable shaft 3 is shifted

along its axis. In helical pairs 13–16 and 14–17 (cross

section А–А), azimuthal forces appear and rotate

gear 17 on the pin of crankshaft 7. Gear 17 interacts

with eccentric bush 18 through ring 19, and turns the

bush relative to the eccentric pin of shaft 7, thereby

changing the total eccentricity. Hence, the length of

crankshaft 8 changes, altering the working path of

connecting rod 9 and also the supply of rollers 12 [6].

The pulsed variable-speed drive operates as a con-

tinuously controllable mechanical transmission. It

corresponds completely to the requirements for cut-

ting logs with different geometric parameters and
RUSSIAN
strength [5]. The new developments are incorporated

in the design of a variable-speed drive intended for

R63-4B drive frames at the Danilov woodworking-

machine plant [7].

In Fig. 4, we show the contours of the existing drive

and the continuously controllable drive, to the same

scale. Since the modernized drive is made of ordinary

machine-building steels, by traditional technology, its

manufacture is no more expensive than that of the

existing model. At the same time, the size and weight

of the system is less, and the cutting process is more

intense [5].

The pulsed drive simplifies the design of machines

for continuous polymer processing, such as worm

presses, and decreases their size [8]. The new design

(Fig. 5) has a head 1, cylinder 2, worm 3, and thrust

bearing 4, in contrast to the familiar designs [9]; spin-

dle 5 of the thrust bearing is connected to the worm.

The press’s drive consists of electric motor 6 and

pulsed variable-speed drive 7, connected by V-belt

drive 8. Elements 9 of the free-play mechanism and

pulsed variable-speed drive 7 are mounted on spindle 5,

without the ability to rotate. All the components are

accommodated within frame 10.

From electric motor 6, rotation is transmitted to

the drive shaft of variable-speed drive 7, and then

through the conversion mechanism to the drive ele-

ment of the free-play mechanism, where they are con-

verted to rotation of its driven elements. Hence, the

motion is passed to spindle 5 and the thrust bearing

with associated worm 3. This configuration simplifies
 ENGINEERING RESEARCH  Vol. 41  No. 9  2021
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Fig. 5. Pulsed drive of worm press.
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the press structure, decreases its size, and ensures the

required range of regulation.
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