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Abstract— The motorcycle trailer hitch is a device used to
secure a motorcycle trailer unto a motorcycle for the
purpose of towing. The hitch serves as the medium of
bringing both the motorcycle and the trailer together to
function as a single unit in motion. This paper has
described the features and importance of the motorcycle
trailer hitch. Furthermore, a locally made motorcycle
trailer hitch has been developed, tested and analyzed to
show its commercial purposes.
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. INTRODUCTION

In many parts of the rural areas and some urban parts of
the country especially in the northern part, the use of the
vendor trailer or utility trailer for transporting goods and
materials from one place to another is drastically becoming
louder. But pulling this trailer has always been done manually
with the hand, making it a very difficult and time-consuming
exercise especially when fully loaded. This makes the beauty
and importance of the trailer obscured to many intending
users. One of the challenges faced by those who uses the
trailer especially for business purposes like clothe, shoe, food-
stuff, and water vendors is that the pulling effort required per
full trailer load is usually very greater than what is expected of
a single man [1]. The vendors tend to get tired in no time and
also find it difficult to meet up with time as they could not
move over a long distance at a stretch. But since there is a
need for the vendors to survive and maximize profit on every
of their daily sale, they tend to take the risk of pulling the
loaded trailer to their various destinations with their hand but
the fact remains that they find it very difficult to ascend hilly
roads, pull over some few kilometers before getting tired,
takes longer time and effort to pull for long, they cannot reach
out to areas that are far from where they are, thereby, limiting
the availability of the products transported in the trailer to only
the nearby areas and leaving those far areas in scarcity of the
same [2]. They also find it difficult to pull the truck over a
rough terrain and many of them get fed up in such situation as
when they get stuck in sandy, muddy and water-logged areas
and they get to ask for the assistance of passers-by to get out
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of the ditches most times. Many also decide not to carry up to
the full trailer capacity due to the effort required. But this will
only lead to taking more trips than normal and thereby
reducing the efficiency of the process which in turn frustrate
the vendor. All these challenges make the trailer to be
considered as in-efficient, local and un-applicable industrially

(3]

The motorcycle trailer hitch is a device used to secure a
motorcycle trailer unto a motorcycle for the purpose of towing
[4]. The trailer being an un-powered vehicle requires a
powered vehicle to pull it around. The hitch serves as the
medium of bringing both the motorcycle and the trailer
together to function as a single unit in motion [4]. The hitch is
made very flexible in such a way that the motorcycle can
perform all its normal modes of movements without any
adverse effect apart from the higher drive power demanded
from the motorcycle, which in turn causes higher fuel
consumption. The hitch connects the trailer directly to the
motorcycle without any need for modification. Unlike many
other standard motorcycle trailer Hitch that have existed, this
does not request any further work before the trailer is towed.
All that is required is to simply attach it to the motorcycle and
the trailer utilizing the mounting plates and the grip plates
respectively. After use, it may be disassembled and kept in a
proper safe or taken unto another utility trailer for use due to
its portability. The hitch assembly is made in parts and not
cast as a unit to allow for easy replacement, repair, and service
of any of the parts over time [5-9].

William E.F.(1986), according to this invention, a swivel
connection adapted to be interposed between a motorcycle, or
other small vehicles, and a trailer being towed thereby to
isolate any variation of the vertical orientation of the
motorcycle from the trailer. The swivel connection comprises
a channel member secured to the usual hitch assembly
normally provided for the motorcycle, and a box member
secured to the channel member for receiving a spindle member
therein. The spindle member is rigidly secured to the box
member and extends axially outwardly therefore for rotational
connection with a sleeve member secured to the usual tongue
provided on the trailer. The rotation connection between the
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spindle member and sleeve member permits the vertical
variations of the motorcycle to be absorbed, thus isolating the
trailer therefrom [10-16].

Micheal J.P. (1992) according to him the invention is a
hitch device for interconnecting two mobile apparatus, such as
a hospital gurney and an 1V stand [10]. The hitch device
comprises a body having first and second ends, each end
having a coupling for attachment to a mobile apparatus, and a
monoplanarly flexible intermediate portion disposed between
the first and second ends. The intermediate portion includes a
chain, which is oriented so that only lateral flexing is
permitted when the device is in use. The intermediate portion
also includes a resilient tube or spring for biasing the
intermediate portion to an axial position. A stop located on the
first end prevents upward rotation of the intermediate portion
beyond a horizontal position when the device is in use.

Shockley et al., (2011) In this invention a motorcycle hitch
assembly is disclosed for attachment to hitch support on a
motorcycle for towing a trailer. The hitch assembly comprises
a base and a pivotal trailer ball carried by the base for being
coupled with the trailer coupling [15]. The trailer ball includes
a ball element and a ball shank extending from the ball
element having a free end. Pivot support connects the base and
the ball shaft so that the trailer ball and base pivot relative to
each other generally in a vertical plane so that the trailer ball
remains generally vertical as the motorcycle and base lean
during turning. A clearance space defined between the free
end of the shank and the bottom of the base allows the trailer
ball to pivot freely in a vertical plane. The binding between
the trailer coupler and the trailer ball element is reduced
during turning. According to Andrew B.J.(1997), a towing
hitch includes a frame having a forward portion selectively
connected to the receiver hitch of a towing vehicle, and a
rearward portion having a pair of elongated bars pivotally
connected thereto for removable connection to a vehicle to be
towed [3]. Each bar has a pivot arm connected to the rearward
end thereof, said pivot arm may be folded into a storage
position adjacent and parallel to the bars. Selective locking
apparatus permits the pivot arms to be extended to a towing
position aligned with the bars and locked in the towing
position. Terpsma et al (2008) reveals that the trailer hitch
assembly includes a receiver portion including a cylindrically
shaped cavity, a bushing member received within the cavity of
the receiver portion, and a hitch member that includes a shaft
pivotally received within the bushing member. At least a
selected one of the bushing member and the shaft is
constructed of a material that substantially eliminates the need
for using a separately applied lubricant during use of the
trailer hitch assembly [16]. The hitch member also includes a
first jaw member, a second jaw member coupled to the first
jaw member and operable between open and closed positions,
a primary latch coupled with the second jaw member and
operable between a locked position preventing opening of the
second jaw member, and an unlocked position allowing
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opening of the second jaw member, and a secondary latch
coupled with the primary latch and operable between a locked
position preventing unlocking of the primary hitch may be
moved to unlocked position thereof. Amit D. (2004) observes
that in many instances, an autonomous vehicle has a trailer
attached to it. The trailer readily follows the vehicle’s path of
motion while it moves forward. However, when the vehicle
reverses, for example to correct its path or to get out of a tight
corner, the trailer

has a tendency to jack knife [2]. When a vehicle backs up
with a trailer attached the trailer never seems to follow the
path it is expected to. An un-cooperative trailer while backing
can even often confuse drivers with a lot of driving
experience. It takes a lot of experience to be able to backup a
trailer. For an autonomous vehicle with a trailer, backing with
a trailer is a really big challenge as it places additional
constraints on the system’s path of travel.

This paper focuses on the development of a motorcycle trailer
hitch with less complicated components using locally sourced
materials for coupling utility trailer unto a motorcycle. 1I.
Experimental results are presented in section Il1l. Concluding
remarks are given in section 1V.

1. MATERIAL AND METHODS

A. Material Selection

According to Micheal F.A.(2000), the choice of material
cannot be made independently of the choice of process by
which the material is to be formed, joined, finished, and
otherwise treated. Cost enters both in the choice of material
and in the way the material is processed. Mild steel was
utilized in the development of the hitch due to its availability,
machinability and strength to withstand loads. On the other
hand, medium carbon steel was used to make the universal
joint because of its hardenability property which is not
attainable in mild steel [9].

B. Design

The complete CAD design of the motorcycle trailer hitch
showing its major component is shown in Fig. 1
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Fig.1. Motorcycle Trailer Coupling Hitch Components

Fig. 1. DWT Decomposition model

The design of the hitch is carried out by considering the
three major elements (Motorcycle, Hitch, and the Trailer) that
makes up a motorcycle trailer system, separately and relating
them properly and accurately with the interconnecting forces
acting at each element-element boundaries by putting into
considerations the geometry of each of these elements.

C. Motorcycle Design

Figure 2 shows the free body diagram of the motorcycle
disclosing the various forces acting on its various parts and the
appropriate dimensions in meters.

0.6 -
036 06 R

Fig.2. Free Body Diagram of the Motorcycle

Where,

Gm=center of gravity of the motorcycle

A= centre of the front wheel of the motorcycle
B=centre of the rear wheel of the motorcycle
C=centre of the carrier of the motorcycle
Ra=verticalreactionofthegroundonfrontwheel
Re= verticalreactionofthegroundonrearwheel
Wwn=weightofthemotorcycle
Mwm=massofthemotorcycle

a=linear acceleration of the motorcycle trailer
g=acceleration due to gravity

Fex=horizontal tensile force on the hitch
Fey=vertical force on the hitch

Fam= accelerative force of the motorcycle

Frm = tractive effort from the motorcycle
Hag=height of the centre of the wheels above the ground or
radius of the wheels

Hc = height of the motorcycle above the ground
Hem= height of centre of gravity of the motorcycle above the
ground

From Fig.1,
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EFy =0; RA+RB-WM-FCJ’ =0

Ry Rp Myyg -FE:J’:O

Ra+Rp. 90 x 9.81-Fey =0

Rs+ Ry —8829 —F,_, O
EF;.":O; Frmm - Fex= Eam

P 9.3x0.75x3600
Therefore Fr, = = =
Vimax 80

313.875N(1HP = 0.75KW)

Therefore, 313.875 — F,-My ya
313.875 — F.. =90ya

313.875 — Fpy
a= 90 (2
Taking moment about point C:
EMCZO; -Frm (Hc — Hom)- Ra(0.36)-Rg(1.56)+ Wy (0.36+0.6)
=0
—313.875x0.62 — 1.56 Rz — 0.36R, + 847.584 =0
—194.6025 — 1.56R; — 0.36R, + 847.584 =0
652.9815 —1.56R; — 0.36R, =0

D. Trailer Design

Figure 3 is a free body diagram of the trailer indicating acting
forces and the various dimensions in meters.

T
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Fig. 3. Free Body Diagram of The Trailer

Where;

Gy = centre of gravity of the trailer

D = center ofthetrailerwheel

Rp = sum total of the vertical reaction of theground on t
Wr_weight of the trailer

M, = mass of the trailer

EFJ’ :O;RD—WT +Féy =0
Rp Myxg +FE:J’ =0
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Rp — 400x9.81,Fy =
Rp + F., = 3924

4)
EE‘:O; Fox= Myxa
Fex=400a (5)

Substituting equation (5) into (2):
Therefore, equation (2) becomes:

313875 — F, 313875 —400a
a= 90 = 90
90xa = 313.875 — 400a
313.875 = 90a + 400a
313.875 = 490a
313875 P
a = 49{) = . m;s s

Now, putting @ = 0.64 m/s? into equation (5):
E.. =400 x0.64 = 256N

Taking moment about C:

EMCZ(); WTxl.S - RDx1.5:0
—Myxgx15+15R; =0
—400x9.81x1.54+ 1.5R; =0

—5886 + 1.5R, = 0

_ 5886 _ 3924N
b= 15 —

Therefore, Rp; = 1962NandRp, = 1962N
Substituting Rpa = 3924 Ninto equation (4);

1962 + F, = 3924
F., = 3924 — 1962
F., = 1962N
Putting Fey = 1962N into equation (1) gives,
R44Rp —882.9 — (1962)—
Ry Rg — 28449 =10
Ry, Rg = 28449

(6)
Solving equations (3) and (6) simultaneously gives:
R, = 3176.72NandRz = —331.82N

E. Hitch Design

The Hitch consists of three major component parts as follows:
a Y-link, Universal joint and a Mounting plate. The hitch
coupling is designed and each of the components were
analyzed for loads, shear and/or tensile stresses. Figure 4
shows the Y-link of the hitch.
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Fig. 4. Y-link
I1l.  METHODOLOGY

Considering all design specifications, the Y-link, grip
plates, universal joints, mounting plates, and pins  were
developed, then, these components passed through the buffing
and surface finishing process. After the surface finishing, the
heat treatment was carried out using an electric furnace. Each
of the parts were carefully arranged in the furnace at room
temperature and then closed after which it was switched on and

0
the temperature preset to 910°C \which is the upper critical
temperature of the medium carbon steel.A.H. Raymond (1993).
Thereafter, the components were painted and assembled.

The assembling of each of the component of the hitch was
achieved through the two major joining processes which are
permanent (by electric arc welding) and temporary (using bolts
fasteners). The systematic steps taken in the assembly of the
parts are as follows;

1. Welding the threaded pin to the outer end of the
universal joint

2. Welding the other end of the universal joint to the frontal
(single) end of the y-link

3. Welding the bottom halves of the grip plates to either
sides of the opposite end of the y-link.

4. Lowering the landing gear of the trailer and then
positioning the pipe hand between the bottom grip plates
carefully.
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5. Securing the trailer handle in position firmly by covering
it with the top grip plate halves and tightening it with bolts and
nuts

6. Positioning the mounting plate top half on the
motorcycle carriage and properly securing it in position by
joining it with the bottom half with bolts and nuts

7. After these the protruding treaded pin from the universal
joint is located and gently locked through the hole on the neck
of the mounting plate so that it allows for a rotational motion.

Figure 5 shows the the components of the motorcycle
trailer hitch. Also, figure 6 shows the heat treatment of the pin.

G. Testing

The test was conducted by loading the trailer appropriately
after which the hitch had been properly connected to both the
trailer and the motorcycle. The motorcycle was carefully
started and driven around while pulling the trailer along. The
testing was made over about two kilometres within the school
compound by moving through various kinds of roads ranging
from smooth to very rough and muddy terrains.

Fig. 5. (@) Y- link (b) Grip plates (c) Pin (d) U-plate
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Fig. 6. Heat treatment of the component

Figure 7 shows the attachment of the hitch to the
motorcycle and the trailer. There was no cause for any jack-
knifing, imbalance or swaying of the trailer sideways while on
motion due to the ability of the hitch to allow vertical and
horizontal deflections and rotations without any dangerous
reaction on the trailer itself and the motorcyclist himself. There
was no significant problem while negotiating a bend, turning
around and most especially when moving over a bump and in
rough terrains due to the great ability of the hitch to also allow
perfectly for a wertical deflections and rotations at the
appropriate point according to the design.

Fig. 7. Hitch Connecting Both Trailer and Motorcycle
During Testing

IV. RESULTSAND DISCUSSION

The result obtained from this work is a motorcycle trailer
coupling hitch capable of towing a utility trailer of 400kg
efficiently. Figure 8 shows the motorcycle trailer hitch in its
fully developed state.
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V. CONCLUSION

The hitch is less complicated and can be improved upon.
Locally sourced, relatively affordable and readily available
materials were used such that it can be constructed even at
home. Very cheap and affordable and as well straight forward
to use, it’s a buy-and-fix jig that needs no modification to the
existing trailer or motorcycle. The cost of production would be
cheaper when produced in masses. The project is majorly
designed without any bearing in it and it may even be used for
other motorcycle trailers of larger capacities depending on the
hitch dimensions and the motorcycle mounting carriage

. strength. This hitch is a long awaited solution to the menace of

unnecessary exhaustion of man power and infringement of the

- many individuals, organizations or firms desire to haul goods
and materials between places at less cost and comfort.
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