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A constant tension cable reel based on planetary gear transmission is introduced. The parameters of the
mechanism are determined to analyze the speed and torque of the transfer mechanism. The relationship
between the thread pitch and cable type show that different cable models require different parameters
for the constant tension cable reel. The mechanism is designed to automatically adjust the force required
for cable pulling and maintain a constant maximum tension. Then the relationship between the moment
and speed of each output shaft is analyzed, and the operation mode of the cable reel was explained. The
experimental results show that the proposed cable reel can pull the cable flexibly while providing the
required constant tension, without damaging the cable and extending its service life. The pitch of the
screw-thread pair is directly related to the required tension of the cable and the cable diameter. If the
power supply cable model is different, the parameters of constant tension cable reel are also different.
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1 Introduction

The cable reel is widely used in various lifting
devices to provide power supply, control power, or
control signals. To reliably wrap the cable around the
reel, most cable reels nowadays deploy sliding device
in the reel drive mechanism, allowing the cable to
operate in a large and constant tension. However, this
device intensifies the cable wear and shortens its
service life [1-2].

To overcome the above problems, a constant
tension cable reel is introduced for flexible cable
pulling. The cable reel relies on the automatic gear
shifting of the transmission mechanism to flexibly pull
the cable, maintaining the cable being pulled under a
constant maximum tension. The reel provides the
required small pulling force to the cable [3-4]. Our
cable reel can significantly extend the service life of the
cable than the other constant moment cable reels. This
device cannot only pull and retract cables flexibly, but
also maintain a constant tension of cables during 75 V24 23
operation. This technology has been recognized as a

national invention patent.

2 Operation Principle and Structure Design

Fig. 1 shows the structure of the proposed flexible
cable-pulling constant tension cable reel. Lubricating
oil is added into housing, ensuring that each rotating
component in the housing is always lubricated.

The 2K-H (WW) positive differential planetary
transmission consists of the input shaft I, sun wheels
a and b, planet wheels d and g, planet carrier H, and
output shaft II [5].

Fig. 1 Structure of the cable reel

Where:

1...Housing,

2..2K-H (WW) positive differential planetary
transmission [5],

3...Gearl,

4...Motor,

5...Worm gear reducer,
6...Transition gear,
7...Gear II,
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8...Rotary vane of collector,
9...Static vane of collector,
10...Power line of mobile device,
11...Gear III,

12...Driver plate,
13...Connecting rod,

14...Shaft,
15...Lever,
16...Reel ,

17...Power supply cable,

18...Static friction disk,

19...Pressure spring,

20...Adjustable seat,

21...Adjustable big gear,

22...Adjustable hand wheel,

23...Bearing,

24...Adjustable small gear,

25...Rotary friction disk.

The speed and moment generated by the motor are
transmitted to the input shaft I via the worm gear
reducer. The speed and moment of the input shaft I is
distributed by differential planetary transmission to
the output shaft II and the planet carrier H. The speed
and moment of the planet carrier H are transmitted to
the output shaft I1I via the gear I, transition gear, and
gear IT [4].

On the output shaft III, the reel is fixed on the
right end, the rotary vane of the collector is fixed on
the left end, and the gear III is installed in the middle.
The gear III can rotate along with the output shaft I1I,
ot slide to the left or right on this shaft. The reel is the
pulling and storage device of power supply cable,
which adopts the single-row multi-layer storage
method [5]. The rotation of output shaft 111 drives the
rotation of the reel and rotary vane of the collector.

After passing through the reel, the power supply
cable is connected to the rotary vane of the collector
via the hole at the center of the shaft I1I. The power
line of the mobile device 10 is connected to the static
vane of the collector. In this way, the fixed power
supply can power the mobile device.

The rotary friction disk rotates with the output
shaft II. The end pin of static friction disk is inserted
into the end hole of the adjustable seat, preventing the
friction disk from rotating. Both the outer surface of
adjustable seat and the inner hole of the adjustable big
gear are threaded. The two components are linked up
via threaded connection.

The pressure spring is mounted between the static
friction disk and the adjustable big gear. The rotation
of the output shaft III drives the rotation of the gear
111, which in turn drives the rotation of the adjustable
big gear. During the rotation, the adjustable big gear
also moves laterally, and relaxes or presses the
pressure spring. The friction between the friction pair
of the static friction disk and the rotary friction disk is
thereby changed, varying the moment of resistance for

the output shaft 1I. The rotation of the adjustable big
gear causes the idling of the adjustable small gear and
the adjustable hand wheel.

3 Dynamic analysis

The number of teeth Z3 of gear I is equal to that
Z; of gear 1. Then, the speed of the planet carrier H
equals to that of nyjjof the output shaft 111 [6]:

Ny = Ny )

The number of teeth Z,, Zy, Zq, and Zg are

selected for gears a, b, d, and g in 2K-H (WW) positive
differential planetary transmission, so that the

characteristic ~parameters of the transmission
. . Z4Z
mechanism satisfy [6]: @ = =42 = 0.5.
ZaZg

Then, the speed and moment of the input shaft I
and the output shaft I1, as well as the planet carrier H
respectively satisty [7-8]:

n;— O.SnH - O.SnH =0 (2)

M; = =2 My = —2 My ©)
Substituting formula (1) into formula (2):

ny — O.SnH — O.SnHI:O (4)

Formula (2) shows that, when the input shaft I
cannot rotate, i.e.,n; = 0, the planet carrier H and
output shaft II rotate at the same speed in the opposite
directions. Hence, the transmission ratio Ny_p from
the planet carrier H to the output shaft II equals 1.
Formula (3) shows that, when the motor rotates, the
output moment is magnified by the worm gear
reducer, and then imported to the input shaft I. The
input shaft 1 evenly allocates the moment to the
output shaft II and the planet carrier H. Consequently,
the active moment of the output shaft 1I is always
equal to that of the planet carrier H: My; = My.

For the static friction disk and the rotary friction
disk, the inner and outer radii of the overlapping area
are denoted as Rjand R, respectively. The friction
coefficient is denoted as p1, the number of friction
surfaces as Z, the elastic coefficient and compressed
distance of the spring as kjand L, respectively. Then,
the movement of the resistance Mj from the friction
disk to the output shaft II can be expressed as [9-10]:

My, = paZky LRy ®)

Whete, Ry is the equivalent friction radius (mm):
2(R3 —R{)

YT 3RE-RD)

For the adjustable seat, the nominal diameter of
threads on the outer surface is denoted as d; (mm),

©)

and the tightening moment coefficient as k, .
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Then, the moment T rotating the adjustable big gear
can be expressed as:

T = kzledl (7)

Then, the ratio m of the movement of resistance
Myj; of output shaft 11 to the moment T needed to
rotate the adjustable big gear 21 can be expressed as

[7]:

o M _ mZRy
T~ kyd,

The friction disk is made of the quenched steel,
and its Y, isin the range of 0.05-0.1. The screw-thread
pair of the adjustable seat and the adjustable big gear
is lubricated fine-finished surfaces. Hence, the value
of k, could be 0.1. Then, the number of friction
surfaces Z and the values of R{,R,, and d; are
selected, and substituted into formula (8). Mj| is a
multiple of T. Through calculation, it is reasonable to
control m between 20 and 40.

During cable pulling, the minimum tension of the
power supply cable is the gravity of the cable in its free
hanging length (Fig. 2). Since the cable must be
wrapped tightly on the reel, it is necessary to apply an
initial tension on the cable. The minimum tension N
of the cable is the sum of the said gravity and the initial
tension. In other words, the dangling length of the
pulled cable must be longer than the free hanging
length. Fig. 3 shows the wound state of the pulled
cable [11-13].

®

Fig. 2Wound state of the cable under minimum tension

Fig. 3Wound state of the cable after being pulled

V

i

H

£/

Fig. 4 Force diagram in the initial state

When the mobile device is at the start position of
the journey, the cable reel is in its initial state (Fig. 4).
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In this case, the dangling length L;of the cable is
adjusted to adjust the tension of the cable to N. Then,
the moment of resistance My of the reel can be
expressed as:
: dp
My =NRy =N (RT + 7) ©)

Where:

Rr...The radius of the outer circle of the contact
between the reel and the cable,

d; ... The diameter of power supply cable.

Suppose the compressed distance of spring 19 is
Lg at the start position in Fig. 4. By formula (7), the
moment Ty rotating the adjustable big gear can be

Mino = Mo+ Miyo = N Ry

Since gears I and II have the same number of teeth,
and the frictional loss is neglected, the moment of
resistance of the output shaft III will be entirely

expressed as [12-13]: Ty = kykqLod;.
It is assumed that the number of teeth Z;of the
gear Il is equal to that of the adjustable big gear.

Then, the transmission ratio 11454 from the gear III
. . . Z
to the adjustable big gear is Nyq_p; = Z_u =1.
11
Therefore the moment of resistance My o of the gear

III can be expressed as:

. T

= kzleodl (10)

Without considering any frictional loss, the
moment of resistance My o of the output shaft III
can be expressed as:

d
+ 72) + kykqLod; (1)
transmitted to the planet carrier H. Therefore, the

moment of resistance My gof the planet carrier H can
be expressed as [14-15]:

, , d
My = Mo =N (RT + 72) + kakiLod,y (12)

According to formula (8), the moment of resistance of the output shaft II can be expressed as:

MI’I,O = mTO = mk2k1L0d1 (13)

Let formula (12) equal to formula (13):
N (Rr + %)
Ly=—""——""F
(m — Dkzkyd;

Since m belongs to [20, 40], when (m-1) is
replaced with m, i.e., the moment of resistance of the
adjustable big gear to the output shaft III is

overlooked, and the error of Lyis in 2.5%-5%. Hence,
formula (14) can be simplified as [16-17]:

14

dy
L= N (Rr +%) (15)
7 mk,yk,d,
When the cable tension is N, and the initial
. oo = V)
compressed distance of the spring is Ly = P
2t1%1

the output shaft II and the planet carrier H face the
same moment of resistance. In this case, the two
components of the cable reel will have the same active
moment, if the motor is powered on.

Let t be the number of seconds for the mobile
device to move forward, ie., the duration of
continuous cable pulling by the reel at speed n
(Fig. 5). Since the power supply cable follows the
single-row multi-layer storage on the reel, the winding
radius of the cable will increase at the rate of d,

mm/turn, as the reel pulls the cable. After t seconds,
the winding radius will increase to:

d
R, =Ry + 72 + ntd, (16)

Fig. 5 Force diagram of device motion
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Suppose the tension is still N when the power
supply cable is fully pulled. Then, the moment of

M7y, =NR, =N (RT +

Without considering the influence of the adjustable
big gear over the moment of resistance of the output
shaft 111, and the frictional loss of the driving chain,

resistance of the reel can be expressed as:

d

—2+ntd2> )
2

the moment of resistance of planet carrier H can be
expressed as [9]:

, , d
My, =My, =NR,=N (RT + 72 + ntd2> (18)

Let p be the pitch of the screw-thread pair
betweenthe adjustable seat and the adjustable big gear:
Nd,

=— 19
mhkykyd, 19)

p

Because the transmission ratio Mqq_pq from the

. . . Z
gear to the adjustable big gear sat1sﬁesz—21 = 1, after
11

t seconds, the adjustable big gear moves to the left by
a distance of ntp [18]. The total compressed distance
Ly (mm)of the spring is Ly = Lo + ntp. According to
formula (7), the moment rotating the adjustable big
gear is Ty = kykL¢d;. According to formula (8), the
friction moment of the friction disk pair, ie., the
moment of resistance of friction disk on the output
shaft II can be expressed as:

MI,It = mTt = mkzletdl = mkzkldl(LO + ntp) (20)

Substituting formulas (15) and (19) into
formula (20):

. d
MIIt == N (RT + 72 + ntdz) (21)

Comparing formula (18) and formula (21), it is
clear that M 1/_” =M, In other words, after the reel has
been rotating continuously for t seconds at the speed
of n turns/s, if the tension on the fully pulled power
supplies the cable remains N, and if the pitch p of the
screw-thread pair satisfies formula (19), the planet
carrier H and the output shaft II will still have the
same moment of resistance. Reversely, after the reel
has been pulling the cable continuously for tseconds
at the speed of n turns/s, if the planet cartier H and
the output shaft II still have the same moment of
resistance, and if the pitch p of the screw-thread pair
satisfies formula (19), the tension on the fully pulled
power supply cable will be N. The tension on the cable
is N after the reel has been working for t seconds.

The above is the operation principle of our
constant tension cable reel.

Formula (19) shows that the pitch p of the screw-
thread pair directly hinges on the tension N needed by
the cable and the diameter d,of the cable. Hence, the
proposed cable reel is specially designed to ensure the
constant tension of a specific model of the power
supply cable.

4 Operation Mode

First, the initial compressed distance of the spring
is determined. When the mobile device is at the start

position of the journey, the cable reel belongs to the
initial state. Then, one end of the power supply cable
is inserted into the reel, passing through the hole of
the output shaft I1I, and connecting with the rotary
vane of the collector. Then, the cable will reach the
dangling state (Fig. 2).

As shown in Fig. 6, the lever of our cable reel is
switched to the left, and the lever will rotate about the
shaft and the drive connecting rod. The driver plate
will thus move to the right, driving the gear 111 to slide
to the right and disconnect with the adjustable big
gear [19-20].

11 12 13

14 15

T 21

25/ \24 23

Fig. 6 Operation mode
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Where:

1...Housing,

2..2K-H (WW) positive differential planetary
transmission [5],

3...Gear I,

4...Motor,

5...Worm gear reducer,

6... Transition gear,

7...Gear II,
8...Rotary vane of collector,
9...Static vane of collector,
10...Power line of mobile device,
11...Gear 111,
12...Driver plate,
13...Connecting rod,

14...Shaft,
15...Lever,
16...Reel,

17...Power supply cable,

18...Static friction disk,

19...Pressure spring,

20...Adjustable seat,

21...Adjustable big gear,

22...Adjustable hand wheel,

23...Bearing,

24...Adjustable small gear,

25...Rotary friction disk.

Through rotating the adjustable hand-wheel, the
adjustable small gear will rotate, causing the adjustable
big gear 21 to rotate. Then, the spring will be
compressed. Under the spring pressure, the friction
disk pair and will produce a moment of resistance to
rotate the output shaft II.

For the power supply cable of a specific model, the
supposed dangling length Ljcan be calculated when
the cable tension is the initial value N (Fig. 4). The reel
is rotated manually to pull a bit of the cable, and then
releases to rotate freely. Once the dangling length
reaches the supposed length L;, the compressed
distance of the spring will be equal to the initial
compressed distance Ly . The principle is as
follows [21-22]:

When the motor is not energized, the input shaft I
will not rotate under the self-locking effect of the
worm gear reducer. Then, the rotation of the reel will
drive the rotation of the output shaft III, which in turn
cause the output shaft II to rotate via the gear II,
transition gear 6, gear I, and planet carrier H. Since the
transmission ratio from the gear II to the output shaft
1T n;_;;=1, the moment of the output shaft Il equals
that of the output shaft I, i.e., My = My, meeting
the requirement of formula (14). Hence, if the
compressed distance of the spring is greater than Ly,
then the moment of resistance of the output shaft 11

will be greater than M, I,I,o- Then, the dangling length of
the circle will surely surpass Ly, after the reel 16 is

released, and the cable tension must be greater than
N. Reversely, if the compressed distance of the spring
is smaller than L, then the moment of resistance of
the output shaft II will be smaller than My 0- Then,

the dangling length of the circle will be less Ly after
the reel is released, and the cable tension must be less
than N[23]. The cable tension will eventually reach N
after repeated adjustments by the above method. At
this point, the compressed distance of the spring is the
initial compressed distance Lg.

When the initial compressed distance of the spring
is adjusted, the lever is switched to the right, driving
the gear 11T engages with the adjustable big gear. After
that, the mobile device can move and the cable reel
can start pulling the cable. To ensure the reliability of
the cable pulling, the model of the motor, and the
worm gear reducer should be selected reasonably at
the start position in Fig. 4. Suppose the output shaft
II does not rotate, the winding speed of the reel is set
to be greater than the moving speed V of the mobile
device [24]. As the winding radius of the cable
increases, the linear winding speed of the reel will
gradually increase, ensuring the reliable pulling of the
reel. Therefore, the speed of the motor and the worm
gear reducer in the cable reel cannot be adjusted.
Under the premise of a static output shaft I1, the speed
of the output shaft III can be described by
Ny (turns/second) at ny;=0, according to formula (4)
[25].

At the start position in Fig. 4, as the mobile device
moves forward at the speed V', when the motor is
energized and rotates, the moment of resistance of the
planet carrier H equals that of the friction disk on the
output shaft II, while the input shaft I allocates equal
active moments to the output shaft II and the planet
carrier H. Then, both the output shaft II and the
planet carrier H will rotate. According to formula (4),
the speed nyyy of the output shaft III must be smaller
than nye. Once the reel speed drops to the speed
required to fully pull the cable, the pulled cable will be
released, and the moment of resistance of the cable on
planet carrier H will decrease [3, 14].

When the gear III drives the adjustable big gear 21
to rotate and move to the left, after a period of time,
the moment of resistance of the friction disk pair on
output shaft II is always equal to the moment of
resistance of drops planet carrier H when the cable is
fully pulled [26]. To this end, when the pulled cable is
released, the moment of resistance of the planet
carrier H will be smaller than that of the output
shaft 1I. Then, the output moment of the output
shaft I will decrease, only capable of driving the
rotation of the planet carrier H.

When the pulled cable is released, the output shaft
II will gradually drop to zero. Under the action of the
braking moment of the friction disk pair, the output
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shaft III will accelerate to nmmo, which boosts the cable
pulling. After a period of time, the cable is pulled and
its tension reaches N again. Then, the output moment
of the planet carrier H becomes equal to that of the
friction disk pair on the output shaft II once more.
After that, the cable pulling speed of the reel will drop
again. The above cable pulling operation will be
repeated until the mobile device atrrives at the
terminal. In this way, the cable always faces a constant
tension throughout the pulling process [27].

The above is the flexible pulling process of our
constant tension cable reel.

5 Conclusions

A constant tension cable reel is designed based on
planetary gear transmission. The structure of the
transmission mechanism is designed, and the
relationship between the moment and speed is
analyzed for each output shaft. The operation mode
of the cable reel is explained. The experimental results
show that the proposed cable reel can pull the cable
flexibly and provide constant tension required by the
cable. The proposed device can effectively overcome
the problems of existing cable reels, such as chaotic
operation and cable damages. However, it should be
noted that the pitch of the screw-thread pair is directly
related to the required tension of the cable and the
cable diameter. This means that if the power supply
cable model is different, the parameters of the
constant tension cable reel are also different.
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