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Abstract

In this study, a two-way clutch mechanism using planetary gear meshing was proposed. The proposed mechanism
allows low torque loss and high-speed rotation instead of a larger backlash compared to a roller type two-way clutch.
The unique structure of this mechanism that makes such functionality possible comprises two independent planetary
gears with variable distances between the axes. When the input shaft rotated, the planetary gears rotated at a dis-
tance. Torque is transmitted by the input shaft pushing directly on the output shaft, so losses on the tooth surface are
small. As with gear reducers, high-speed rotation is possible. When the output shaft rotated, the two planetary gears
engaged, and the shaft locked. A flat cam was used to switch between the above two states, so the overall structure
was simple. The diameter, thickness, and weight of the developed prototype were 44 mm, 24 mm, and 78.8 g, respec-
tively. We experimentally confirmed that the mechanism worked as expected. The theoretical locking limit torque was
1.16 Nm. The torque loss was 5 mNm at the static condition and less than 10 mNm at a high speed of 4000 rpm.
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Background

A two-way clutch is a mechanical element used to switch
between transmission and disconnection of power.
Although there was a one-way clutch with a similar
name, the one-way clutch switches between transmission
and disconnection depending on the direction of rota-
tion, whereas the two-way clutch is independent of the
direction of rotation (Fig. 1a). As shown in Fig. 1b, two-
way clutches are divided into active and passive types
based on whether or not an external actuator is required
to switch the action [1]. The active type is a type of elec-
tromagnetic clutch and is incorporated in transmissions
in wind power generators [2] and four-wheel-drive sys-
tems of automobiles [3] for operation switching. The pas-
sive type is a type of non-back drive device. It transmits
the power from the input shaft to the output shaft but
interrupts the power from the output shaft. When a pas-
sive two-way clutch is placed between the actuator and
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the load, it protects the actuator from the load. The pas-
sive type is further divided into the locked type and the
free type according to the form of power interruption.
In the lock type, the output shaft is fixed to make rota-
tion impossible [1, 4], while in the free type, the output
shaft is disconnected from the input shaft, and only the
output shaft idles to interrupt the power [5, 6]. The free
type is used, for instance , to switch the zoom of a cam-
era lens manually and automatically [6]. Since the locking
type maintain the state without continuous energy sup-
ply, its installation in robots leads to energy saving and
miniaturization of actuators. Therefore, it is actively used
in the field of artificial limbs [7-9]. Based on these char-
acteristics, a locking two-way clutch into the transmis-
sion mechanism with a two-motor coupled drive which
was developed in the past was investigated [10]. This
transmission has a high-speed drive system and a high-
torque drive system, and these two types of drive systems
is switched by coupled drive. When the load is small,
the high-speed drive system is used, and when the load
is large, the high-speed drive system is locked to oper-
ate so that the load is supported by the high-torque drive
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Fig. 1 a Difference in function between one-way clutch and two-way clutch. b Classification of two-way clutches

(b)
Two-way Clutch
Output shaft

Active Passive

Disconnection

Lock Free

(b) slip.

friction

@)Roller

Frame

Fig. 2 Existing two-way clutch operation. a Power from the output
shaft is not transmitted. b Power from the input shaft is transmitted

system. The two-way clutch is used to switch the opera-
tion of the high-speed drive system.

Several methods have been proposed to realize the
locking type two-way clutch, but one that is currently
widely used is the roller friction method [1, 4]. Figure 2
shows the structure and operating principle of a lock-
ing two-way clutch using roller friction. Fig. 2a shows
the neutral state. When rotation is applied to the out-
put shaft, the roller bites into the space between the
output shaft and the frame like a wedge, and the shaft
is locked by the frictional force generated by it. When
rotation is applied to the input shaft, the retaner pushes
out the roller as shown in Fig. 2b. Then, the input shaft
inside pushes the output shaft to transmit power. The
most important feature of the two-way clutch based
on this principle is its simple structure. A simpler and
smaller device with an integrated input shaft and retainer
has been developed by Controzzi et al. and Kobayashi
et al. [11, 12]. In addition, the locking performance is
changed by adjusting the parameters, and the design
method has been proposed by Controzzi et al. [1].

However, the roller-type two-way clutch has several
issues, which prevent its introduction into the trans-
mission mechanism with a two-motor coupled drive
[10]. The first is that the torque loss during shaft rota-
tion is large. This has been pointed out in the research
by Yamamoto et al. [13]. The TDL28 of NTN Corpora-
tion is shown that has an idling torque loss of more than

200 mNm [14]. Second, the clutch is not suitable for
high-speed rotation. The allowable speed of the OSCM3-
5TW of Origin Electric Co., Ltd. is 560 rpm [15], a small
value compared to the rotational speeds (above thousand
rpm)of electric motors usually used in the robotics field.
Therefore, it is necessary to go through a reduction gear
to use it, as it cannot meet the need for a faster rotation.
In addition, a gear reducer with a large reduction ratio
does not require a two-way clutch because it functions to
prevent back drive. The mechanism by which these prob-
lems occur is explained below. When the shaft rotates, as
shown in Fig. 2b, the rollers are pushed by a spring and
come into contact with two or more surfaces. The rollers
rotate along the frame, but slipping occurs at other con-
tact points. We consider the frictional loss owing to this
slippage to be the main cause of torque loss in two-way
clutches. In addition, prolonged slippage causes wear. In
a roller-type two-way clutch, back-driving is prevented
by the static frictional force; therefore, if the condition
of the contact surface changes owing to wear, it cannot
lock sufficiently. In other words, the wear rate is directly
related to life. Because the wear rate increases with rota-
tional speed, we consider that the allowable rotational
speed is limited to ensure life. As a supplement, grease
cannot be used to solve problems because it also reduces
the static friction force during locking.

Since slippage led to losses, was wondered whether it
was possible to realize a two-way clutch using gears that
did not slip during rotation. A typical back drive preven-
tion mechanism using gears is a worm gear [16]. The
worm gear prevents back-drive by directing the force
generated on the tooth flanks in the direction of the rota-
tion axis. Other methods have been proposed to direct
the force applied to the tooth flanks toward the center of
rotation [17], but all these mechanisms involve a speed
reduction. In this study, we focused on the phenomenon
that an odd number of gears cannot rotate when they
mesh in an annular pattern and proposed a new two-way
clutch mechanism that used this phenomenon. A lock
control system [18] has been developed using the same
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phenomenon. Our device is different from the conven-
tional ones in that it did not use an actuator for control.
This two-way clutch had a planetary gear mechanism
using internal and planetary gears. As the gears of a gen-
eral gear reducer can rotate at high speeds, this mecha-
nism can also rotate at high speeds. In this planetary
gear mechanism, the input and output shafts are directly
connected to the planetary carrier without using a sun
gear. This means that the rotational speed is transmit-
ted at a high speed on a one-to-one basis, and no load
is applied to the gears. Therefore, losses on the meshing
tooth surfaces can be reduced. However, gears have sev-
eral disadvantages. These disadvantages are discussed in
“Disadvantages of Using Gears” in the “Analysis and Dis-
cussion” section.

Two-way clutch using gear meshing

Overall structure

Figure 3 shows the structure of the proposed two-way
clutch. The planetary gear mechanism was sandwiched
between an input shaft and an output shaft with a cam
shape. The planetary gear mechanism had an internal
gear, four planetary gears and two planetary carriers. The
two planetary carriers were independent of each other.
The point-symmetrically arranged planetary gears were
held together by the same planetary carrier on the cen-
tral axis. If there were only two planetary gears, there
would have been a possibility that the gears move unin-
tentionally due to the effect of gravity acting on the gears
as shown in Fig. 4a, or that the center of gravity, which
was far from the center of rotation, generated vibration.
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Fig. 4 Four symmetrically arranged planetary gears balance the
center of gravity and counteract the effects of gravity

Therefore, another pair of planetary gears was prepared
as a counterweight to prevent these effects, as shown in
Fig. 4b. Since the central axis of the gear was fixed to the
planetary carrier, a bearing was built into the gear. The
central axis of the gear protrudes from both sides of the
gear, and this protruding part is called the pin.

Within this structure, the planetary gear mechanism
had the role of locking function, and the cam structure
had the role of state switching. The detailed principle of
the locking function is shown in “Planetary gear mecha-
nism and locking principle” section, the detailed princi-
ple of the state switching is shown in “Cam structure and
state switching principle” section, and the design condi-
tions are shown in “Design condition” section.

Planetary gear mechanism and locking principle

In the planetary gear mechanism shown in Fig. 3, the
distance between the two planetary gears was variable
because the two planetary carriers were independent.

Output Shaft

Gearl
Variable inter-axial distance

Input Can

Planetary Carrier

Fig. 3 Planetary two-way clutch mechanism (3D CAD drawing of a prototype machine)

Output Cam
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Therefore, it took two states, as shown in Figs. 5 and 6.
If the internal gears and gears 1 and 2 were annularly
engaged as shown in Fig. 5, the rotation and revolution of
gears 1 and 2 would have been restricted. In other words,
the mechanism would have been in a locked state. On
the other hand, if gears 1 and 2 had not meshed as shown
in Fig. 6, the two gears would have revolved and rotated
around along the internal gear. In this two-way clutch,
when the output shaft rotated, the rotational force was
applied to the two gears from the outside to engage them,
and the shaft was locked in the state shown in Fig. 5.
When the input shaft rotated, the force was applied
from the inside to disengage the gears, and the shaft was
unlocked in the state shown in Fig. 6.

The distance between the planetary gears became the
minimum and maximum value in the locked state and
unlocked state, as shown in Figs. 5 and 6, respectively.
In addition, this difference became the backlash of the
two-way clutch. The minimum value was the stand-
ard meshing distance of the gears and depended on the
specifications of the gears, but the maximum value was
set arbitrarily. In addition to the minimum distance for
disengagement, a certain amount of gap was necessary
to prevent interference of the tooth tips during rotation.
However, if the gap is too large, the backlash will also be
large, so it is necessary to determine the limit based on
machining errors.

Cam structure and state switching principle

If the two planetary gears were taken out of Fig. 3, the
cam of the input shaft would have been located inside
the pins of the two gears and the cam of the output shaft
would have been located outside the pins of the two
gears. Fig. 7 shows the internal state when clockwise
rotation was applied to both, the input and output shafts.
When the input shaft rotated, the cam of the input shaft
contacted pin 2 and pushed gear 2 outward, as shown in
Fig. 7a,i. As a result, the meshing of the gears was dis-
engaged and the gears became unlocked, and the gears

Planetary Carreir

Fig. 5 When the internal gear and the two spur gears mesh in an
annular shape, rotation and revolution become impossible
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Fig. 6 When the internal gear and the two spur gears mesh in a
chain, they can rotate and revolve

started to revolve while spinning, as shown in Fig. 7a,ii.
Pin 2 then pushed the cam of the output shaft, and the
rotation was transmitted. Initially, pin 1 was not in con-
tact with the cam of the input shaft, so gear 1 rotated
in contrast to gear 2 due to the meshing, as shown in
Fig. 7a,i. When the gears were disengaged and the dis-
tance between the shafts reached its maximum value, pin
1 contacted the other cam on the output shaft, and gear
1 began to rotate in the same direction as gear 2 while
maintaining a constant distance, as shown in Fig. 7a,ii.
On the other hand, when the output shaft rotated, the
cam of the output shaft pushed pin 1 inward, as shown
in Fig. 7b,i. This caused the gears to engage and lock,
and the force to be transmitted to the frame, as shown in
Fig. 7b,ii. Therefore, the shaft could not rotate any further.
To prevent the gears from meshing more than necessary,
both pins contacted the cams of the input shaft when
they were engaged at the standard pitch (minimum dis-
tance between the gear shafts). In the counterclockwise

Output Shaft

(b) and Cam

Input Shaft
and Cam

Fig. 7 Gear movement inside the two-way clutch when clockwise
rotation is applied. a When rotation is applied to the input shaft. b
When rotation is applied to the output shaft
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rotation, the cam of the input shaft worked to separate
the gears, while the cam of the output shaft worked to
bring them closer together, resulting in the same behav-
ior. That was how the cam and pin changed the distance
between the shafts to switch the state.

Design condition

Based on the above operation, the design conditions for
the cams of the input and output shafts were determined
as follows

+ When the distance between the gear shafts was at its
minimum values (meshing distances at the standard
pitch circle), the pins were in contact with the cams
of both input shafts.

+ When the distance between the gear shafts were at
its maximum value, both pins were in contact with
the cam of the output shaft.

Next, the tooth number condition of the planetary gear
was determined. Since the planetary gear meshed with
the internal gear, the lower limit was the minimum value
that did not cause involute interference. The upper limit
was the value of the limit at which two pairs of four gears
were placed in the internal gear at the maximum distance
between shafts. Figure 8 shows the geometric state when
the planetary gears were placed at the maximum distance
between shafts. In the figure, ao; is the distance between
the internal gear; the planetary gear, a9, is the distance
between the planetary gears; di,, is the tip diameter of
the planetary gear, and e is a small gap to ensure that the
tips do not interfere in the unlocked state. « is the angle
between the y-axis and OA., and B is the angle between
OA and OB. The maximum condition for the number of
teeth is @ + B < 90 [°] because the planetary gear should
be above the x-axis. Since @ > f for e, the maximum con-
dition is & < 45 [°]. Using the module m and the tooth

| Internal Gear

Planetary Gear

\ : i
Fig. 8 Model when the planetary gears are placed at the maximum
inter-axis distance
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numbers zp of the internal gear and zp of the planetary
gear, we get,
.1 4 . gmz1+2)t+e m
sm1i=s1nl¥<— (1)
2a01 m(zo — z1) 4
The gap is defined as e = me, assuming that it is pro-
portional to the module. Thus, the maximum number of
teeth can be obtained as follows, noting that the gears are
assumed to be untransformed.

. 121 t+2+€ T
sinTt ——M— < —
zZ0 — 21 4
Zosin —2 —€ (2)

zZ1 <
sin 7 + 1

Figure 9 shows the tooth number range of the gears that
were used based on the minimum and maximum tooth
number conditions. The gap was assumed to be € = 0.6.
The range became wider as the number of teeth in the
internal gear increased. The minimum number of inter-
nal gears was 55.

Results

Design and fabrication of prototypes

Figure 3 shows the 3DCAD diagram of the designed
prototype. Internal gears (module 0.5, tooth number
60, tooth width 3 mm, C3604) and spur gears (mod-
ule 0.5, tooth number 23, tooth width 3 mm, C3604)
were used. These tooth numbers were within the region
shown in Fig. 9. The backlash of this machine was 10.69
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O
5 35
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Q
230 |
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5 Area of available
oS 25
g tooth count
2 20
15 1 1 1 1
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Number of teeth of internal gear
Fig.9 The range of usable teeth determined from the tooth number
condition




Waragai and Takayama ROBOMECH Journal (2022) 9:21

°. The difference from Fig. 7 was the cam shape of the
output shaft. It had a cross shape to evenly transmit the
force to the four gears in the locked state. The new cam
part was designed so that the pins and cams all contact
in the same direction when locked.

The allowable torque in the locked state was calcu-
lated based on the allowable circumferential force of
the gear. The strength of the spur gear is referred to as
the dangerous side between the internal gear and the
spur gear. The allowable circumferential force was cal-
culated to be 19.3 N based on the bending strength of
the teeth using the gear technical data [19] of Kohara
Gear Industry Co. However, the number of repeti-
tions should be 107 or more. Assuming that the torque
applied from the output shaft was equally distributed to
the four gears and transmitted to the internal gear, the
theoretical value of the allowable locking torque was
obtained to be 1.16 Nm.

Figure 10 shows an image of the fabricated prototype.
The dimensions were ¢44 x 24 mm and the weight
was 78.8 g. It has been confirmed that the proposed
mechanism can switch the state as expected using this
prototype.

Measurement of torque loss

Figure 11 shows the experimental device for measuring
static torque loss. When a weight of a certain mass was
hung from the input shaft through a pulley, the torque
applied to the output shaft was measured, and the static
torque loss was calculated from the difference. The out-
put torque was calculated from the tension of a fixed
thread attached to the output shaft through a pul-
ley. The radius of the pulley was 5.9 mm for both, the
input and output shafts. The results of the experiment
are shown in Fig. 12. This graph shows only the aver-
age of the two measurements because the errors were
small. The horizontal axis was the input torque, and the
vertical axis was the output torque and torque loss. The
torque loss in the figure was the value after subtract-
ing the device loss other than the two-way clutch (6.1

Fig. 10 External and internal views of the prototype
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Fig. 11 Experimental device for measuring torque loss

mNm). Figure 12 shows that the torque loss was almost
constant, although it increased slightly as the input
torque increased. The average value was 4.4 mNm.

Next, the dynamic torque loss was measured. The
experimental device is a modification of Fig. 11, where
the input side was replaced by a motor (maxon, 249245)
and the output side by a certain weight. The motor con-
nected to the input shaft lifted a weight hanging on the
output shaft in a stable state. The dynamic torque loss
was obtained from the difference between the input
torque calculated from the current value and the out-
put shaft torque due to the weight. The result is shown
in Fig. 13. This graph shows the average of two measure-
ments. Error bars show the maximum and minimum val-
ues. The horizontal axis was the load on the output shaft,
and the vertical axis was the input torque and torque loss.
As in the static case, the torque loss in the figure was the
value after subtracting the device loss from the two-way
clutch (8.6 mNm). The error in Fig. 13 shows the range of
variation in a stable state. Figure 13 shows that the torque
loss was almost constant regardless of the load. The aver-
age value of torque loss was 2.7 mNm.

In addition, the change in torque loss with increasing
rotation speed was measured. The experimental device
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Fig. 12 Measurement result of static torque loss
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Fig. 13 Measurement result of dynamic torque loss

is a modification of Fig. 11, where both the input and
output sides were replaced with motors. The motor on
the output side was not connected to the power supply,
and the rotation speed was determined from the back
EMEF voltage of that motor. The measured value was the
median value because the value kept changing approxi-
mately 0.01V during the measurement. Figure 14 shows
the measurement results of torque loss against rota-
tion speed. Measurements were taken three times, and
the third result is shown because the results gradually
improved as the gears became more familiar. The hori-
zontal axis was the rotation speed, and the vertical axis
was the torque loss. The load generated by the back
EMF of the motor on the output shaft was measured in
advance, and the value was subtracted in the figure. Fig-
ure 14 shows that the torque loss increased depending on
the rotation speed. However, the torque loss was about
10 mNm at 3660 rpm, which was the highest among all
the speeds measured in this experiment.

Torque lossfmNm]
(=)}

0 , , ,
0 1000 2000 3000

Shaft rotation speed [rpm]

4000

Fig. 14 Increase in torque loss due to increase in shaft speed
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Input torque required for unlocking

The input torque required to unlock the output shaft
with load was one of the parameters that describe the
performance of a two-way clutch. When rotating in the
opposite direction of the load, the input torque should be
greater than the load, when rotating in the same direction
as the load, the input torque may not be greater than the
load. In the case of roller-type two-way clutches, it has
been shown that this value depends on the parameters
of the design according to Controzzi et al. [1]. Therefore,
the torque required for unlocking was also measured for
this two-way clutch. First, a weight was hung from the
output shaft through a pulley to lock the device. Then,
the torque was gradually applied to the input shaft, and
the input torque at the moment the unlocked device was
measured. Figure 15 shows the average values of the five
measurements. However, results that were out of the
range of the measuring instrument were excluded. Error
bars show the maximum and minimum values. The hori-
zontal axis was the load torque applied to the output
shaft, and the vertical axis was the torque required for
unlocking. The dashed line in the figure connected the
points where the unlocking torque was the same as the
load torque. The figure shows that the unlocking torque
became larger than the load torque.

Analysis and discussion

Validity of the gap

In Eq. (2), the gap was assumed to be proportional to
the module. This makes Eq. (2) a simple conditional
equation that dose not include the module in the coef-
ficients. However, this assumption is not valid. This gap
is provided such that when the planetary gears are sepa-
rated, they do not interfere with each other owing to the
machining or assembly accuracy. The larger the module,

60 T %
’I
E50 | A
Z i
g
o .
% 40 R
2
fS 30 - .
=
=)
20 k
—e—unlock torque
r ¢, | ===- unlock=load |1
0 d L L L L L
0 10 20 30 40 50 60
Load on output shaft [mNm]
Fig. 15 Torque required to unlock when trying to rotate the input
shaft in the same direction as the load
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the larger the error. Therefore, the gap must be increased
accordingly. However, gear accuracy and tolerance are
not proportional to the module, and their sizes vary
depending on the number of teeth.

The gap e is assumed to be a constant, and its size is
defined as 0.3 mm which was used in this prototype.
The order of error (1 to 10 um) is small compared to the
order of the gap (100 um); therefore, it can be absorbed
sufficiently. In fact, the allowable full engagement of
both gear tooth flanks specified in JIS B 1702-2 is 127
um maximum for a diameter of 280 mm or less in grade
N8 [20]. The value of 0.3 mm is not an optimum value,
since experiments have not been conducted for multiple
gaps. However, this is a valid value because the prototype
performs without problems and can absorb errors even
when the dimensions are ten times larger. This leads to
eq. (3): eq. (3) is changed to the upper line in Fig. 9, but
when the module is made larger than 0.5, it changes so
that the area expands, thus Fig. 9 can be used.

IO 4 0.3
ZOSan —s=
z1 < —— (3)
sin 7 + 1

About torque loss

Torque loss values were evaluated instead of transmis-
sion efficiency. In this two-way clutch, the gear is only
used for locking. The torque was not transmitted by the
tooth surface, but by the pin that pushed the linkage.
This means that losses at the tooth surface are expected
to be small and constant, regardless of the input torque.
Therefore, we have omitted the discussion on transmis-
sion efficiency.

As shown in Figs. 12 and 13, the torque loss of this
two-way clutch was nearly constant at less than 5 mNm
both statically and dynamically, which was sufficiently
low compared to the existing clutches [14] shown in the
“background” section. Furthermore, as shown in Fig. 14,
the torque loss of this system was about 10 mNm even
under high-speed rotation. This indicates that the gears
were not used to transmit power in this mechanism and
theoretically, the force applied to the tooth surfaces is
small. Therefore, the wear of the gears was minimized.
On the other hand, the torque loss increased when the
rotational speed increased because the centrifugal force
increased the force that pushed the teeth. The spur gears
used in the prototype were self-made, and low torque
loss was achieved even though the accuracy of the gears
was not good. This means that this mechanism did not
require fine precision in the gears.

In Fig. 12, the slight decrease in torque loss around
the load of 60 mNm was due to the decrease in rota-
tion speed. In this experiment, a constant voltage was
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applied to the motor, so the rotation speed decreased as
the load became higher. Fig. 13 shows that the torque loss
depended on the rotation speed. Therefore, the torque
loss decreased as the rotation speed decreased with a
higher load.

Time response of rotation

The premise is that responsiveness is not an issue with
normal two-way clutches. This is because two-way
clutches are obviously not responsive owing to backlash
and are not used in devices that require feedback con-
trol. On the other hand, this two-way clutch will finally
be introduced into the transmission shown in the “Back-
ground” section. Responsiveness is not a problem when
this transmission is used in machines that rotate contin-
uously in one direction, such as the winches and wheel
axles of mobile robots [21]. However, when it is used in
other applications, such as a robot joint, responsiveness
becomes a problem owing to feedback control [22].

The rotational time response was measured by attach-
ing rotary encoders (NEMICON, SBY-30-2MC) to both
ends of the two-way clutch and rotating the input shaft
with a motor(FAULHABER, 2342S024CR). The motor
was driven by a +2.4 V square wave (period 0.5 s). The
experimental results are shown in Fig. 16, where (a) and
(b) show the input voltage and rotation speed, and the
rotation angle and backlash of the shaft, respectively.
Both horizontal axes represent time. In this experiment,

(a) ¢ - 300
[ —— Voltage ------- Rotation speed g
S ) - 1 200 &
S b=y
E N e 1100 3
S 0 : o =
] 0js -85 0§75 S
= T A | AP -100 Z
£ 2 g
200 2
4 -300
(b)200 15
0.02 SN |7 Input shaft
150 F IN- o i -----Output shaft
Ya \ \ Backlash 10
ASERY .
= 100 \ g
= \
= Y 5
=z 50 \
kS A 5
o <
2 o 0 3
g E
s -50 /M
< 5
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-10
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200 - -15
Time[s]
Fig. 16 Time response between input and output rotation of a
two-way clutch.The motor was driven by a 2.4V square wave
(period 0.5 5)
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the backlash at startup was set to zero; therefore, a large
backlash occurred when switching the rotational direc-
tion. The absolute value of the maximum backlash is
10.62 °, which is consistent with the design value (10.69
°). This backlash causes a 0.02-second delay in the output
shaft as shown in Fig. 16b. In the proposing transmission,
the reduction gear will be placed ahead of the two-way
clutch; therefore, the effect of backlash at the output shaft
may be reduced.

Disadvantages of using gears

There are several disadvantages of using gears. For
example, they generate noise, require grease, the gear
model does not match after heat generation, and back-
lash occurs. These issues are discussed in comparison
with roller types. First, the noise and deformation after
heat generation are not gear-specific problems. Rather,
we consider that these problems are improved over the
roller-type owing to smaller friction. Second, we consid-
ered the required grease to be an advantage, because the
roller type cannot use grease, which shortens its lifetime.
Finally, backlash was the most significant disadvantage.
With the roller type, there was a slight backlash to disen-
gage roller contact. The roller-type clutch developed by
Controzzi et al. was shown to have a backlash of approxi-
mately 6 ° under certain design conditions [11]. With
the gears, it increases to 10.69 °. This backlash causes
deterioration in the responsiveness of the output shaft,
as shown in Fig. 16. However, as mentioned above, this
system can be placed in front of the reducer because it
can turn at a higher speed than the roller-type, and the
effect of backlash at the output shaft can be reduced. In
this section, we describe how to reduce the backlash.

As described in Planetary gear mechanism and lock-
ing principle section, the backlash in this two-way clutch
was generated to disengage the gears. Therefore, its mag-
nitude was proportional to the height of the teeth and
inversely proportional to the distance from the center of
rotation to the meshing position. There were two possi-
ble ways to reduce the backlash: The first method was to
minimize the size of the gear module. For instance, if the
module was reduced to 0.25 while maintaining the exter-
nal shape of the prototype, the number of teeth of the
internal gear was changed to 120 and the number of teeth
of the spur gear to 20. Since the height of the teeth was
1/2 and the distance between the centers of the gears was
1.35 times, the backlash was reduced to less than 0.37
times by simple calculation. However, the disadvantage
was that the strength of the teeth was reduced. The other
method was to use the profile-shifted gear. The height
of the tooth was reduced by forward shifting the gear.
Therefore, the backlash was reduced. At the same time,
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the dedendum was strengthened. The disadvantage was
that it was costly.

Relationship between overrunning and unlocking torque
According to Controzzi et al, in the case of passive
two-way clutches, the optimum ratio of locking force
to unlocking force is 1 [1]. If the ratio is greater than
1—where the output torque is greater than the input
torque—overrunning may occur. If the ratio is less than
1, extra torque is required for control. In this mecha-
nism, Fig. 15 shows that the ratio is less than 1. The error
from the optimum value is considered to include the
effect of the torque loss obtained in the experiment and
the frictional force acting on the tooth surface shown in
Fig. 17. In this mechanism, unlocking means disengaging
the meshing of gears. When the gears were disengaged,
a frictional force was generated on the tooth surface to
inhibit the disengagement. Since this friction force varied
depending on the condition of the teeth, it was thought
that the measurement results of the prototype machine,
which were not accurate, varied greatly. However, there
was no danger of overrunning because the output shaft
load torque would never exceed the unlocking torque
under any load condition.

Concluding remarks

In this study, we proposed a new two-way clutch mecha-
nism using the meshing of an odd number of gears. The
features of this mechanism were as follows.

+ Low torque loss and high-speed rotation.

+ Easy to fabricate because the structure was simple
and high accuracy was not required for the parts.

« No overrunning occurs because the unlocking torque
was greater than the load torque.

+ Enough performance could be obtained regardless of
the accuracy.

Reaction Force

Friction Force

orce to Resist Load

Fig. 17 Increase in unlocking force by frictional force acting on the
tooth surface
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When using this system in a transmission under develop-
ment and control is applied to the reciprocating motion,
a backlash problem occurs. In such cases, some control
method considering this backlash should be introduce.
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