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Abstract—In bakery industries, mixing is one of the
major operations that determine the mechanical
properties of dough, which have a direct consequence on
the quality of the end product .The mixing operation is to
facilitate structure development and ingredients
homogenization. In view of the associated problems and
difficulties in the manual method of dough mixing, a
cross-ribbon dough mixer was designed and developed.
The unit parts of the mixer were designed following
standard engineering principles for part-sizing, using
locally available materials. Whilst the cross-ribbon
(suspended on the mixing basin) rotates in clockwise
direction, the mixing basin in relative motion rotates in
anti-clockwise direction. The mixer was tested to
ascertain its performance and it has efficiency of 85.7%
with mixing rate of 30kg/hr per batch.
Keywords—Design, development, cross-ribbon, dough,
mixing, efficiency, rotation

l. INTRODUCTION
In bakery industries, mixing is one of the major
operations that determine the mechanical propenfes
dough, which have a direct consequence on thetyuli
the end product (Rosell, and Collar, 2009). Theimgix
operation is to facilitate structure developmentd an
ingredients homogenization (Hwang, and Gunasekaran,
2001). Proper dough development is affected by mgixi
intensity (mixing speed) and torque imparted (Fdutu,
and Dogan, 2014).To achieve optimal mixing, theifls
placed in a vessel of some type which allows theeria
to be moved and stirred in a desired pattern atiésired
speed and torque This is not as simple as theme ne
mixer design that universally satisfies all mixing
requirements (Vincent, 1966; Okafor, 2015).
Despite so many dough mixers available for smatl an
medium scale productions, manual mixing of dough fo
economic reasons is stil common among developing
countries (Vincent, 1966; Okafor, 2015). This mdnua
mixing is very slow and laborious with little or no
guarantee of homogeneity of the end product (Gral.e
2009). Mixers with impellers such as anchors, gabes
paddle, which produce mainly circumferential flow,
perform poorly in mixing because of lack of axiavf to

sweep through the entire vessel (Yeng-Yung Tsuil an
Yu-Chang Hu, 2011). Conventional dough mixers sagh
blade; hook, ribbon and pin-type are commonly uised
the industry (Hwang, and Gunasekaran, 2001). In a
mixing system with ribbon impellers, mixing proceed
first in the region near the blades and the vesssl
where the material is subjected to high shear r&rai
Material homogenization is then fulfilled by theialx
vortex flow induced by the rotation of the ribbon
impeller. It has been shown that this kind of inhgrels
very effective in mixing high viscous fluids (Gral963;
Yeng-Yung Tsui, and Yu-Chang Hu, 2011). However,
most of these new machines are expensive and
sophisticated in operations for small and mediumlesc
bakeries (Godwin, 1961; Okafor, 2015). Therefohas t
research work is devoted to the design, and dewnwop

of a low cost electric powered cross-ribbon dougkem
that is efficient, easy to operate and maintain Sovall

and medium scale bakeries.

Il. MATERIALS AND METHODS

2.1 Materials and Sample Preparation
The cross-ribbon dough mixer is made up of the
following component parts; electric motor, the mixi
basin, motor pulley, gear box pulley, cross-ribbons
attached on the gearbox spindle shaft, flat cddtarings
supporting the basin, v-belt and supporting fraBlend
flour (fortified with minerals and vitamins) is pmirased
from Ogbete main market, Enugu State Nigeria and
formulated for bread dough as described by (Canhpétel
al., 1993). About 1000g blend flour is mixed witBgl
salt, 259 yeast, 610g water and 1g other ingresliesing
the locally fabricated cross-ribbon mixer until quate
dough development as reflected by a rise in dough
consistence.

2.2 Design Considerations
The major designs of the cross-ribbon dough mirxeroa
the mixing basin, power requirement; reducer gear;
pulley; belt drive; flat collar bearings; crosshidn; and
the following equations were used to design thé enits.

2.3 Volume of Mixing Basin
In designing for a mixer capable of mixing 10001§Kg)
of blend flour per batch, at 5inch Hg (16942K)m
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Fig. 1 Sde View

mixing pressure, 150rpm ribbon speed, 1.2583/cm
(1258kg/ni) dough density is used in dough volume
calculation (Campbell, et al., 1993)

Dough volume¥ = % (1)

Where V3 =dough volume (ff), mg = blend flour mass

(kg) and pg = dough density (kg/fr Dough volume =

2 - 0.00795r
1258

Assume volume of water + volume of air space + othe
ingredients = 25%3

Thus, Volume of mixing basiny, = 0.00795 + (0.25 x
0.00795) = 0.00994n

2.4 Diameter of the Mixing Basin
The diameter of mixing basin is determined with the
empirical relationship given below:
dihy

Volume of mixing basin,V¥, = e (2)
—

Thus,dy, = [ (3)
-/ mhi

Where dy, = diameter of mixing basin (m), anhl, =
height of mixing basin (m)

plA—
Let, hy, = 0.048m:dy, = |2X28%%%% - § 513m (513mm)
-\J mx 0.043

2.5 Thickness of Mixing Basin
The mixing basin is classified as an open end Vedgte
only the circumferential or hoop stress induced tlg
mixing pressure. This circumferential or hoop srasts
in a direction tangential to the circumferenceta basin
and thickness of mixing basin is determined witle th
expression by Khurmi and Gupta (2005)

t=2xd @

2o

Where t = thickness of mixing basin (m), p = thing
pressure (N/A), d = internal diameter of mixing basin
(m), and @ = circumferential or hoop stress for steel
material.
Let, p = 16942N/fy d = 0.513m5 = 2.5 x 16N/m?

165942 x0.513

T 2xZ5x108
stainless steel plate is selected.

2.6 Power Requirement

The power which the electric motor must develodrige
the mixer is determined with the expression by Kiur

and Gupta (2005)
p= INm Tm
- &0n

=0.00174m (1.74mm), and 2mm thick

(%)
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Where P = power developed by the electric motott&ua
N,, = mixing speed (rpm)T., = torque of the driven
spindle shaft (Nm)1 = efficiency of the reduction gear

Let, N, = 150rpm,T,; = 50Nm,n = 0.90
p =2ETXI0XE0 875 78w = 0.873kw (1.2hp).
60 x 0.50
Therefore, an electric motor of 1.5hp 1440rpm ésaid
2.7 Selection of Pulleys and Determination of their
Speeds
The gearbox pulley diameter is determined using the

expression for pulley reduction efficiency

i L 0 tpull (W)
Pulley reduction efﬂuency:m'-":"'1 pureyrpmi®a _

Inputpulley rpm (M.} B
(6)

. . N,
For 50% reduction efficiency, 0.5\[%‘ =>MN,; = 0.5 xN;

gearbox pulley rpm (No]

motor pulley rpmi{N.J)

= 0.5 x 1440 = 720rpm
L Mo 4,
Hence, from the empirical relat|01,j}:: =i

[x]

d, (gearbox pulley diameter)= u\'{—d'

Let, d; (motor pulley diameter = 100mm )

1440 x 100

Thus,d; = =200mm

Also, the centre distance (x) between two adjapahéys
is determined using the relation given by Khurnd an

Gupta (2005)
x=228z g @)
_ 100+200

-
=

2.8 Gearbox Selection
For gearbox reducer speed selection, we need ¢alatd

the gear reduction ratio.

. . Inputrpm (Ng)
Gear reduction ratio=————-=
Cutputrpm(MNgy)

-

+ 100 = 250mm

gearbox pulley speed (M)
Mixer speed (Ny)

(8)
. . TN
Gear reduction ratio =— = 4.8:1~5:1
150

But, for moderate shock agitator and mixers unddnd
intermittent mixing operation per day, 1.25 senfiaetor

is selected (Fenner, 2012). Thus, using the gearbox
absorbed power of 0.873kw; the design power is
calculated as thus,

Design Power = 1.25 x 0.873kw = 1.091kw (1.5hp)

This indicates that for a 5/1 gear unit at 150rprtpat

speed, a 1.5hp motor is required.

2.9 Belt Drive Selection

Belt length (L) is determined using the expresgjoren

by Khurmi and Gupta (2005)
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L= m(1004200) +2(250) + {100—200)2 — 961mm
2 40250}
The angle of contact of belt on the motor pull&y (
= — T
8= (180 — 20) & (10)
Where, sing = 22792 = 22308 _ 4
x® 250
Thus,a = 23.58

Hence,B = {180 — 2(23.58)}% =2.32rad

Now, based on gear reduction ratio 5:1, mixer speed

150rpm, design power 1.5hp, pulley diameters 100mm

and 200mm respectively, from standard table (Fenner

2012) 2spa wedge belt (V-belt) is selected.

2.10 Flat Collar Bearing Design

In designing collar bearings, it is assumed that th

pressure is distributed uniformly over the beasngace.

The outer diameter of the collar is usually takerial to

1.8 times the inner diameter of the collar i.entdger of

the shaft (Khurmi and Gupta, 2005)

Thus, the bearing pressuii,j :% ------------- (10)

And the expression for total frictional torque (§)given

by Khurmi and Gupta (2005)
2uWW (RE-r®

== (RLrJ

Where,py, = bearing pressure, W = load transmitted over

11)

the bearing surface, A = cross-sectional area ef th
bearing surface an{RZ — rZ], R = outer radius of the
collar, r = inner radius of the collag = coefficient of
friction, n = number of collars.

Let, W = [(mixing pressure x basin area) + douglgg

= [(16942 x 0.02462) + 10 x 9.8] = [417.17 + 98] =
515.17N,p, = 3 x 16N/m?, T = 5Nm, ¢ = 0.5 and R =
1.6r

Then, from equation (11), r = 0.015m (15mm), R
0.024m (24mm), and also from equation (10), A
0.001717rA= nm(R% —r?)

Hence, n = 1.55+2

2.11 Mixing Efficiency

Dough mixing operation at this scale was a batdtess
and the cross ribbon dough mixer was designed at
35kg/hr per batch. However, during testing, 10kdglehd
flour per batch was used and optimum dough
development was achieved in 20 minutes.

Thus, in 20 minutes, the mixing rate per batchilfokg =

22228 - 30kg/hr

Hence, mixing efficiency =
Outputmixing capacicy kg/hr

x 100
Derigned mixing capacity kg/hr

_ 30 kg/hr
T35 keg/hr

x 100=85.7%

Il CONCLUSION
A cross-ribbon dough mixer was designed, devel@ret
tested for dough mixing. The mixer was simple ertoug
for local fabrication, operation, repair and maiaece.
Powered by a 1.5hp electric motor, the mixer has a
mixing efficiency of 85.7%. With this performanciae
mixer will culminate the associated problems and
difficulties in the manual method of dough mixirgis,
therefore, recommended for both small and mediuatesc
bakers.
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