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1. Introduction

The single-stroke ram press machine is widely used for sunflower oil extraction in African countries, It
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2. Geometry of the machine
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A particular position of the mechanism is described by the position angle (of the lever) a, which fully
specifies the positions of the rest of the linkages as well as angles f and y. The relationship between the
angles can be written as follows:

r=a-p (1
bsina —e

sin f = =022 ®
c

Vectors E and R (Fig. 1) are the external forces acting on the system, where E is the effort applied to

the handle by the operator and R is the resistant force acting on the piston face due to the pressure
developed in the cage.

Fig. 1 Geometry of the ram-press mechanism

The frec-body-diagrams for the individual members of the mechanism are shown in Fig. 2. In this
analysis friction is considered not only in the pin joints, but also in the piston-cylinder pair. In the
rotational pairs friction is introduced in the form of friction torques and friction forces, while in the
piston-cylinder pair it is represented by different friction forces. Also additional friction force (F) is
introduced on the piston due to the rubbing effect between the labyrinth cake seals and the cylinder.

3. Static analysis *

As'it was stated before the ram press is a manually operated law speed machine and therefore there is
no need for dynamic analysis. The inertia forces, due to law speed variation are negligibly small and
hence the static analysis will be sufficient for the purpose of this investigation.

Based on the free-body-diagrams shown in Fig. 2 the force analysis of the mechanism was conducted in
ordcrtocalculatethenecessaryforc&sandlalertoformmﬁosbetweensomcofthmeforces.The

equations of static equilibrium were derived for the main componeants of the machine, such as the lever
and piston.
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Fig. 2 Free Body Diagrams for the major elements of the ram press mechanism

In Fig. 2, the friction torques were introduced to make the drawing more readable but the equations were
derived for the actual friction forces acting at cach pair. The friction forces are assumed to be
perpendicular to the radii of the respective bushes at their points of application and acting at a distance
equal to the radius of the bush. All radii of the bushes (pins) in this machine were of the same size. The
well-known expression for the friction force formed by the product of the coefficient of dry friction ()
and the normal force is employed. v

With the assumptions mentioned above, the equations governing the equilibrium for the lever ABD are:

—Esing +Tcos f— yTsin f—Dcosd + uDsin 8 =0, )
~Ecosa~Tsin f— uTcos B+ Dsin 8+ pDcosd =0, ’ @
Ea—Tbsiny +Tu(sin y —r)—uDr =0. ©)

Where a, B, y are the angles as presented in Fig. 1 and Fig. 2;and T, E, and D are forces as presented in
Fig. 2;risthendimofd:cbush(pin),andyiscocﬁcicmofdryﬁicdminthekinemaﬁmlpaim.
Similarly, the equations of static equilibrium for the piston were written as follows:

R+ p(N, + N,)~T(usin B+cos )=0, ©)
N, =N, +T(sin f- pcos f)=0, ™
—Nl(l—x)+N,l+;4‘—2i-(1\ll ~N,)+ulr=0. (8)

WhereN,andN;arethcnormalmcﬁonsacﬁngonthepiswn,disdndiametuofthepiswn,listhc
maximum distance between the piston’s face and centre of the pin E, and x is the actual distance between
thcnomnlreaeﬁomN,ansz.Beauseofﬂ:evariablepismn’slengthbeingineomactwithﬂwcyﬁndcr,
and also to account for the existing clearance between the piston and the cylinder, the normal forces N,
and N; mentioned above were introduced. They are applied at the beginning of the piston and at the final
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point of contact between the piston and cylinder respectively. The position of force N, is specified by the
variable distance x, which is dependant upon the motion of the mechanism. -

The above equations are the necessary basis for further force analysis of the ram press mechanism,
Using these equations the ratios between the effort (£) and the other forces such as T and R were
introduced as well as some dimensionless geometrical ratio. These values were used in calculating the
mechanical advantage, velocity ratio, efficiency and the transmission angle of this mechanism [2, 3, 5].

4. Calculations

The calculations involved in the present study are not much complicated but it is impossible to present
the analytical solutions in a short form. The calculations were done on a spreadsheet, which not only
allows for a repetition of the calculations for different angles of the handle position (a) but also to change
some of the ratios used.
In order to find the influence of the offset on the performance of the machine, the calculations were
performed for different ratios between the offset () and the crank length (5). The lengths of the lever (a),
the crank (&) and connecting rod (c) were assumed to be as for the real machine CAPU-BP 42
manufactured by RAM Ltd., Zimbabwe. These were measured and foundtobe:a=1.71 m, 6 =0.08 m, .
and ¢ = 0.653 m. The calculations were accomplished by varying the lever’s position angle (a) from 70°
to 0° as it is in a real situation, when the machine is in use.

5. Results and Discussion

The results obtained from the calculations are presented in Figs. 3-6. They are valid for the value of the
coefficient of dry friction # = 0.3 but similar graphs were found for other values of the same coefficient.

The preliminary calculations revealed that negative offset (which physically means that the piston and
cylinder are arranged below the main pin D) resulted in negative values (not shown in these graphs) of the
velocity ratio and the efficiency for a certain range of angle .. This is probably due to the fact that for
larger values of the negative offset, from certain value of angle a, the piston began to move in the
opposite direction, and hence pressure dropped suddenly to zero and thereafter it became negative. This
phenomenon was found for the offset ratio /b below -0.5, and therefore omitted from the above graphs.

In this paper all the graphs shown in the above figures were plotted for four different values of the
offset ratio /b, namely, -0.5, 0, +0.5, and +1.5. It should be noted that the value of the offset ratio e/b = 0
corresponds to the original design of the ram press machine without an offset.
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Fig. 3 Mechanical Advantage vs. lever angie



Velocity Ratio

~BSEBUBHLAE
»

Angle a (deg)

[—8— 05 —— a0 —H— =05 —W—ee15 |

Fig. 4 Velocity Ratio vs. lever angle
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introduction of the offset for the angle a ranging from 70° to 30°. But for smaller values of angle a
mechanical advantage changes significantly. However, it can be noticed that the mechanical advantage
hasﬂxehighwtvaluaford:encgaﬁvcoﬂ%ctandisreducedwhcntheoﬂ"setisinuand(ﬁ'omnegaﬁvc
value through zero to positive values). _
Fig.4slnwsﬂzesamctmndofinﬁuenccuponthcvelocitymioasd:atinﬂwmechanimladvaxnagebut
the effect is more pronounced for the smaller values of angle a. : "
Asﬁrasﬂneﬁcieﬂcyisconcemd(ﬁg.S)theoﬂ‘sahasammc&'eamdmeeﬂiciencyincm
with the higher values of the offset from negative to positive. It is also seen that the efficiency is almost
steadyforagreatvaxiaﬁonofanglea(fmm70°to30°),butitdqmciatmquicklyfordwmge%“toO’.
Fig.6sbwsdmthcumnisimmglehmvayﬁghvahufmaﬂoﬂimcomidaedAﬂdmvahes
ot‘thetmnsmissionmgleareabove&O“,andw:dinngrdman[I]andMaxﬁnB] indicates good
performance of the machine. Close 'inspection of these graphs reveals that for a positive offset the
uansmissionang!cishighcrﬂmnforurooﬂ'setald:wghitisnotvalid&rﬂwwho!cmngeofanglea. '
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Fig. 5 Efficieacy va. lever angle
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Fig, 6 Transmission Angle vs. lever angle
6. Conclusions and Recommendations

Basedonﬂleabovemlysismd.resultsobmineditisobvimstbatﬂxeoﬁet(e/b)introducedhasan
increasing influence upon efficiency. For smaller values of a (0° < a < 30°) the effect of offset upon
mechanical advantage and velocity ratio becomes quite significant. It can be also seen that efficiency
increases with positive values of the offset (Fig.3). Increased values of the offset also lead to an increased
valnesofthcuammissionangle,upmsomeﬁmhedvaluaofthcposiﬁonanglea.Itisreoommcndedthat
thcposiﬁveoﬁ‘saoflhevalnelelstbanO.Sshmldbeinnoducedinordcrtoimpmvcthepcrfommnceof

the press.
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