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A manual winch project
with a two way ratchet mechanism

The article describes a solution to an engineering problem concerning the development
of a design of a manual winch for off-road vehicle users. The aim of the design is to
provide the possibility of extracting an off-road vehicle which is not equipped with an
electric winch in the event it becomes stuck in mud or sand. The concept was based on
a review of available solutions on the market and an analysis of their advantages and
disadvantages. The design was based on calculations performed in accordance with the
literature recommendations and FEM strength analyses carried out on a model created
using Autodesk Inventor Professional 2020. The developed device is able to provide
a pulling force of over 50 kN with an unladen weight of 35 kg, and also provides the

possibility of controlled lowering of the load.
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1. INTRODUCTION

In Poland, off-road vehicles have become increas-
ingly popular in recent years [1, 2]. The growing pop-
ularity of events for owners of such vehicles, as well as
the large availability of second-hand cars on the mar-
ket, has led increasing numbers of people to decide to
buy and use an off-roader. Vehicles capable of driving
off-road are used by private persons, e.g. to get to fishing
places, trips on available off-road routes, to reach
properties in places where access is difficult due to
the lack of paved roads, or by foresters, forest guards
or employees of power plants. Regardless of the
equipment of the vehicle, the terrain can surprise
anyone, and with the increasing number of users of
such vehicles, the number of cases of getting stuck in
mud or sand increases. There is a wide range of elec-
tric winches available on the market which can be fit-
ted to a vehicle in order to enable it to be driven out
of the muddy terrain. The installation of such a winch
often requires the appropriate modification of the car
body by equipping it with a solid and heavy bumper or
the additional attachment of the winch to the frame,
which in turn is associated with an increase in fuel

consumption and often with problems during techni-
cal inspections of the vehicle. Because of this, not ev-
eryone decides to install an electric winch, as it is not
cost-effective for those who only use their vehicles
off-road occasionally. To overcome this problem, an
alternative solution was developed to replace the
electric winch and safely pull out a vehicle that has
become bogged down.

Reviewing the solutions available on the market
and analysing their advantages and disadvantages al-
lowed us to develop our own new device concept. Al-
most all manual winches used by owners of off-road
vehicles allow only for lifting the weight, and in the
case of the considered application — pulling the vehi-
cle out of the muddy terrain. Based on our own experi-
ence and observations, we decided to construct a de-
vice, which, apart from providing adequate pulling
power in case of winding up the rope, would enable
the controlled lowering of the load. When viewed
from the perspective of off-road driving, this feature
is a considerable improvement. It is intended to help
overcome the problem of steep slopes, from which
a vehicle descending freely could tip over or lose
traction.
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2. OVERVIEW OF AVAILABLE SOLUTIONS

The most common alternative to an electric winch
used by off-road vehicle users is a rope winch called
a kifor [3], shown in Figure 1.

Fig. 1. Rope winch [4]

The greatest advantages of this device are its sim-
ple and reliable construction and high nominal haul-
ing capacity, which for the strongest variant amounts
to 30 kN. However, the construction of the standard
kifor has a significant disadvantage — its weight for
the variant with such a pull is 46 kg, which makes it
very difficult to use it in off-road conditions, where
you often have to walk through deep mud to attach
the rope to the anchor point. Another disadvantage is
that the long steel cable has to be reeled in on a sepa-
rately attached pulley. It is also worth mentioning the
high application force assumed by the manufacturer
of almost 440 N. These disadvantages make the de-
vice hard to use in difficult conditions.

Another commercially available device is the crank
winch [5] as shown in Figure 2.

Fig. 2. Crank winch with ratchet mechanism [5]

This device is not designed for car winching, how-
ever, it is used for such purposes probably because of
its low price. Crank winches provide a maximum pull-
ing capacity of up to 20 kN, however, due to the de-

sign for attaching the device to a restraint, it is ex-
tremely inconvenient to use such a winch to pull a car,
as the device rotates around the axis of the rope on
which it is suspended during the pulling process when
cranking. It also gives the illusion of being able to
lower the vehicle or load in a controlled manner by
having a double sided ratchet mechanism, which
blocks the gearbox from rotating in one direction.
However, when lowered, the return of the force in the
rope does not change direction, so the load falls auto-
matically and the device can become unstable and
unsafe for the user.

A solution that can also be used for the aforemen-
tioned purpose is that of the manual winch with
a ratchet mechanism [6] shown in Figure 3.

Fig. 3. A winch with a ratchet mechanism [6]

This device provides comfort while pulling a car at
the same time with a high pulling force declared by
the manufacturer, equal to 40 kN. The design seem-
ingly meets the need under consideration, however,
according to the users the declared pulling capacity of
the winch does not reflect the real pulling capacity
of the device. Amateur tests [7] have shown that the
device is not able to provide the pulling capacity
needed to pull a vehicle that is stuck in sand.

3. DESCRIPTION OF THE SOLUTION

The design assumptions are as follows: to ensure
pulling capacity to pull a vehicle in muddy terrain, to
enable controlled unwinding of the tightened rope,
resistance to unfavourable working conditions (mud,
moisture, dirt) while limiting the weight and dimen-
sions of the device. Due to the fact that during opera-
tion the device will be stretched between two ties in
a horizontal position, the most convenient form of
drive for the user was considered to be a lever per-
forming a swinging movement. This type of drive
eliminates the tendency for the device to rotate
around the rope axis during operation, which occurs
when using a crank winch because the force applied
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by the user will act in the rope axis. The lever through
a ratchet mechanism will transmit the torque to the
gears. The main problem was to realise the possibility
of a controlled lowering of the load when using such
a mechanism. This was solved by using a block brake,
which during the unwinding of the tensioned rope
will provide resistance to prevent the load from run-
ning away, as shown in Figure 4.

ir 2R

Fig. 4. Mechanism which allows for lowering
the weight

The lever (1) pushes the brake pad (2) against the
brake drum (3). The spring (4) provides the force
needed to apply the required torque to the brake drum.
The spring tensioning device (5) locks onto the pin (6).

The device is equipped with a crank on the cable
drum shaft for fast winding or unrolling of the cable as
shown in Figure 5.

Fig. 5. Crank for rapid winding or uncoiling of
the rope

The crank (1) allows the user to quickly wind or
uncoil the rope from the drum (2). In order to use it,
the ratchets (3) should be set in a position allowing the
drum to rotate in the desired direction.

The rope is attached to the drum using a dedicated
rope attachment tape for winch drums as shown in
Figure 6. The rope, properly interwoven through the
tape, is secured against slipping from the drum when
fully unwound.

Fig. 6. Rope attachment tape [8]

4. CALCULATION PART

According to the recommendations for the design
of electric winches as specified in EN 14492-1, the
basic parameters for drum size and rope strength
were selected. Initially it was assumed that the winch
should provide a force of 60 kN, which corresponds
to double the weight of a large off-road vehicle. For
further calculations it was necessary to know the
force available to an average person. The literature
on biomechanics [9] was used to estimate the force of
150 N, which was used for further calculations. The
knowledge of the torque required on the winch drum
as well as the torque that the user is able to produce at
the assumed lever length allowed for the estimation
of the required transmission ratio, which was 42.5.
The worm gear was considered to be the best for
its implementation, as it is possible to provide such
a transmission value in one gear stage. Considering
the use of a crank for fast rope winding, which is lo-
cated on the output shaft of the gearbox, its parame-
ters were selected so that it would not be self-locking.
The phenomenon of gearbox self-locking could not
be used in this case, as it not only depends on the geo-
metrical parameters of the worm and worm wheel,
but also on friction coefficient, which would be vari-
able under assumed operating conditions, which would
make the device unsafe. The lack of a self-locking
gearbox also carries the advantage of increased effi-
ciency. In order to carry out the strength calculations
of the gearbox according to the procedure presented
in the literature [10], it was necessary to estimate the
speed of the gearbox. For this purpose, an experiment
was carried out, consisting in making cycles of move-
ments with a provisional lever, imitating movement
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between extreme positions of the lever. The length of
the makeshift lever corresponded to the assumed
length of the device lever. Assuming that one move-
ment would rotate the worm by 120°, the time (60 sec-
onds) and the number of cycles performed were
counted. The experiment was performed by two peo-
ple three times and the average number of cycles per-
formed per minute was 70. This made it possible to
estimate the speed of the worm, which was approxi-
mately 23 rpm. The lever on which the experiment
was carried out was not loaded and therefore does
not reflect real-life conditions where human condi-
tion would play a significant role, but it was advanta-
geous to use a slightly higher speed value for strength
calculations. It was also important to determine the
value of the torque on the drum on which the rope is
wound. The device was assumed to provide the origi-
nal pull value when the force acts on the outer layer of
rope coils — i.e. when the rope is not fully unwound, so
that the pull does not decrease with each additional
layer of rope wound on the drum. The following steps
were taken to determine the gearbox dimensions:
Calculation of the pre-assessed slip speed:

ve= 45107y 3T = 0
=45-107*.23-3/5160 = 0.18 m/s

where:
ny — worm speed [1/min],
T, — output torque value [Nm)].

Determination of allowable contact stresses of the
worm gear:

SHP =175 - 35VS (2)

Calculation of the gearbox centre distance:

12
q 8HP72;
7 3)
=[£+1)-3 17043 -5160-1.1-10° =
10 168.72
10

= 359.4 mm

where:
kj, — design load factor,
q’ — presumed value of the diameter index,
z, — number of worm gear teeth.

Calculation of axial modulus:

. 2a, 23594

m =—
q+z 10+43

13.56 (4)

Then, a standardised axis distance of 355 mm
and a modulus value of 12.5 were selected from the
PN-93/M-88527 standard to determine the gearbox
dimensions shown in Figure 7.

Worm pitch diameter:

diy=m-q=125-10 = 125 mm %)
Worm gear pitch diameter:

dy=m-z,=125-43 = 537.3 mm (6)

62.5 355

686.2

Fig. 7. Initially determined dimensions of the gearbox

It would not have been possible to handle a device
of such considerable dimensions with ease. This fact
necessitated a change to a smaller towing capacity.
Numerous calculations in search of an optimum solu-
tion, the results of which are shown in Table 1, made it
possible to change the concept to the following: the
nominal pull will be reduced to 30 kN and it will be
possible to double it by using a pulley. At this point,
a further development of this concept emerged,
namely the reduction of the dimensions of the winch,
which can be achieved by reducing the torque on the
drum while multiplying the force using a pulley. How-
ever, it should be remembered that the device will be
used in unfavourable conditions, e.g. in mud or bush-
es, and also that it will be transported in the boot of
a car. The use of a multi-pulley with a rope interwo-
ven several times could result in the rope falling from
the pulleys in such conditions, tangling and making
free use impossible. Figure 8 shows a diagram of the
use of the device.
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Table 1

Summary of device parameters
for different initial assumptions

Torque Overall
. Pull | .. .

Gear | of winch dimensions of

. value Comments
ratio | drum [KN] the gear

[Nm] [mm]
45.0 | 5160.0 | 60.0 686.2 -
30.0 | 2250.0 | 40.0 547.5 -
225 | 1687.5 | 60.0 470.0 pull.le{r;“o
120 | 1125.0 | 40.0 432.0 pull.le{r;“o
Rope

Winch Attachment point (for
example a tree)

Moveable pulley

Trapped vechicle

Fig. 8. Scheme of use of the device

There are inconsistencies in the values presented
in Table 1 that need to be corrected. Reducing the
gear ratio by a half did not result in a corresponding
reduction in the drum torque. This is due to the fact
that, after reducing the nominal pull, a rope of small-
er strength and diameter was used, which changed
the arm on which the force acts on the drum.

In order to check the strength of the remaining
elements of the gearbox, FEM analysis was carried
out using Autodesk Inventor Professional 2020. The
analysis was carried out for the complete model of the
device with all the elements, taking into account all
the forces with which it is loaded. Figure 9 presents the
loads that were given in the analysis.

Figure 10 shows the model with the finite element
mesh, specified loads and assumed restraint method.
It was assumed that the device would be restrained
by two pin ties at the point of attachment of the de-
vice to the restraint and at the point of attachment
of the cable to the device if a multistrand was used.
The connections between the components have been
imposed automatically and consequently all compo-
nents are considered to be bonded together. When
selecting the material parameters, simplifiying assump-
tion was that all components are made of the same
material — steel with Young’s modulus E = 210 GPa,
Kirchhoff modulus G = 80 GPa and Poisson’s ratio
v =0.3.

Fig. 9. Loads assumed in FEM analysis:
1 = lever driving force — 150 N;

2, 3 — bearing load, depending on the position of the
rope on the drum — in the most un favourable case it
amounted respectively to 28,000 and 30,500 N;

4 — force coming from the rope threaded through the
pulley — 30,000 N; 5 — bearing load — 12,500 N;

6 — forces in the ratchet mechanism — 1250 N;

7 = bearing load — 970 N; 8 - force acting on the
fastening of the winch to the restraint — 60,000 N;
9 — force acting on the brake lever — 290 N
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Fig. 10. Device model with FEM mesh
and specified loads
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Figure 11 shows the graphs of the convergence of
the mesh. The number of grid elements was 579166
while the number of nodes was 976125.
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Fig. 11. Grid convergence diagram

The results of the analysis made it possible to opti-
mise the shape of the body and eliminate stress con-
centration points by removing parts of the surface of
unloaded elements to reduce mass and using round-
ing radii. Figure 12 shows the results of the analysis.
The tools for constructing bolted connections and
shafts available in Autodesk Inventor Professional
2020 were also used in the design.

372,3 Max
297,9

22,4

[ S—

149

74,5
i 0,1 Min

Fig. 12. Results of FEM analysis

Figure 13 shows the results of the analysis with
a narrowed stress scale to show the stress distribu-
tion.

Fig. 13. Stress distribution with narrowed scale

The analysis presented above was intended to de-
termine the stresses occurring in the body of the
device. Separate analyses were carried out to check
the strength of individual components such as the
pawls of the ratchet mechanism.

5. SUMMARY

The end result is a device providing a real pulling
force (taking into account the efficiency of the gear-
box) of over 50 kN at a device weight of 35 kg. A com-
monly available solution with the most similar param-
eters guarantees a pulling force of 30 kN at a weight
of 46 kg. The worm gearbox is completely protected
against dirt. The ratchet mechanism and the block
brake have not been protected with additional covers
in order to limit dimensions and weight, as these are
mechanisms that are easy to keep clean. Due to the
unusual solution for lowering the weight, this design
may serve as the inspiration for similar devices.
A complete 3D model of the device without the rope
attached is shown in Figure 14.
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Fig. 14. Winch model
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