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ABSTRACT

The traditional method of chilli paste processes essentialy consist of two main unit operation namely blending of raw
material and cooking of the chilli paste, accompanied by manual stirring. The transferring of blended food for cooking adds
clean-up work and tends to waste time and energy. Substantive continuous stirring during the cooking process is essential,
but time and labour consuming. In this study, a process design of the chilli paste machine has been developed with the aim to
combine both the process of blending and agitated cooking in single application. A new design of machine called chilli paste
machine has been successfully built with the intention to overcome the issues present in making chilli paste. It comprises of
blade which enables blending and stirring of chilli paste during blending and cooking process, respectively. A heating plate
isinstalled for the heating of the chilli paste the whole operation is controlled by a simple mechanism of Miniature Circuit
Breaker. (M.C.B.) and Switches which enables the temperature control. The prototype machine was tested to ensure the
performances of the machine design are met. The ready to serve batch of chilli paste was successfully produced using this
newly designed machine.
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INTRODUCTION

Chilli isone of the most important commercial crops of India. It is grown almost throughout the country. There
are more than 400 different varieties of chillies found all over the world. Its botanical name is “CapsicumannuumL.”.
The world’s hottest chilli “Naga Jolokia™ is cultivated in hilly terrain of Assam in a small town Tezpur, India. Chilli
occupies an important place in Indian diet. It’s among the spices consumed per head; dried chilli fruits constitute a
major share. Currently, chillies are used throughout the world as a spice and also in the making of beverages and
medicines. If some varieties of chillies are famous for red colour because of the pigment ‘capsanthin,’ others are
known for biting pungency attributed to ‘capsaicin.’ India is the only country which is rich in many varieties with
different quality factors. Chillies are rich in vitamins, especially in vitamin A and C. They are also packed with
potassium, magnesium and iron. Chillieshavelong been used for painrdlief asthey areknowntoinhibit pain messengers,
extractsof chilli peppersareused for aleviating the pain of arthritis, headaches, burnsand neuralgia. Itisalso claimed
that they have the power to boost immune system and lower cholesterol (Gisslen, 2007).

Chilli pasteisservedin Asian cooking asapopul ar condiment. It isused asaningredient in soups, stewsand also
main dishes. The chilli pastes can add flavour and heat in any dishes (Russell, 2013). As a method of preservation,
chilli pasteis such aproduct that cansretainits colour and flavour in asemisolid form that is convenient to use (Ahmed
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et al., 2002). Moreover, chilli pasteismostly served hot asasidedish for main food dishes among the peoples of South
East Asia

Thetraditional method of chilli paste processing consistsessentially of two unit operati ons, which are mechanical
and preservation carried out separately using different food processing equipment and cooking utensils. These two-
step processes take up alot of time and man-power. Thetransfer of blended food for cooking adds work in terms of
cleaning up and the process wastes time and energy. Further, careful manual stirring during the cooking of chilli paste
might beinadequate for anumber of reasons, such asinattention dueto other related cooking tasks. The choky smell
rel eased during the cooking process also tends to provoke an uncomfortable feeling in the people who perform the
manual stirring. Asaresult of these distractions, the continuous stirring of chilli pasteisextremely difficult to achieve
by hand. In order to eliminate the problems faced during the making of chilli paste, afood processing machinethat is
capable of performing both blending and agitated cooking operations either simultaneously or consecutively inasingle
applianceis necessitated Peng (2007).

In this study, the objective isto design ablender-cooker machine that automatically functions both as a blender
structure and a cooker structure. The present design aimsto provide an automated chilli paste maker, which combines
blending and agitated cooking into one single appliancein order to overcometheissuesthat are present in thetraditional
method of making chilli paste. Another objective of the present design is to provide a blender-cooker machine with
appropriate blades which are ableto perform appropriately in both blending and stirring operations. More specificaly,
the blades should work efficiently as a cutting blade in the blending operation and as a stirring blade in the cooking
operation, respectively.

EXPERIMENTAL PROCEDURE

Theraw materialsused arethe basicingredients of chilli paste grinder and chilli paste, including stedl, red chillies
(Capsicumannuum), water and palm oil (cooking oil) were procured fromthelocal market of Allahabad. The machine
wasfabricated intheloca workshop of Kydganj, Allahabad.The experimental techniques, steps and methods adopted
during the devel oping machine of present investigation will be elaborated in this paper.

Construction of chilli grinder :

Thefirst activity of the design processwasto design aplan of anew machine that combined both blending and
cooking chilli paste. At this stage, twoimportant pointswereidentified, which were (i) to identify the problemsfaced
during chilli paste processing and (i) to identify the design specification. Fig. A showsthe processing of chilli paste
described in unit operations that should be undertaken. The problem wasto eliminate the use of two unit operations
which were the blender and cooking apparatus. The target was to design a machine that could perform the two
operational processesin asingle appliance either simultaneously or consecutively.

Planning

\

Analysis

\

Design

\

Fabrication

\

Perfor mance evaluation

Fig. A: Flow chart for thefabrication of chilli grinder and cooker
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Based on an understanding of the problem definitions, the target design specification of the machinewasgenerated
asgiveninTableA.

Table A : Partsand materialsused in fabrication of machine

Sr. No. Parts Material used

1. Main body Stainless steel

2. Motor Casteiron and copper

3. Motor shaft Stainless steel

4, Supporting frame or Base support Castiron

5. lever Stainless steel

6. container Stainless steel

7. Jerk preventer Rubber

8. spring Hardened stedl

9. heater Glass and nicrome wire
10. Main body cover Stainless steel

11. Spring base Stainless steel

12. Supporting legs and frame work Castiron

13. Handle Stainless steel

14. Nuts and bolts Cast iron and stainless steel
15. Blades Stainless steel

16. Hest resistor Plaster of parisand casteiron
17. Container cover Stainless steel

18. Key lock system Mild stedl

Unit operation in chilli paste making and cooking process:

In performing both blending and cooking operations simultaneously, the machine design should have a size
reduction (or liquefaction) section of solid ingredients and a heating section accompanied by astirring section of the
semi-liquid paste. These threeimportant component parts play an important rolein the machine operations and ensure
that the input ingredients undergo the required processing stepsin order to produce the targeted output, achilli paste
with the desired consistency which isready to be served and saf e for consumption.

Beside of these some other partswill bealso used in chilli pastegrinder :
— Threemeter core cable aong with 15 Ampere plug top for single phase motor or 3 meter four core cablefor

Raw ingredient of chilli paste

l

M echanical separation (blending)

Chilli paste _—_— l

Preservation (cooking)

Chilli paste (ready to serve)

Fig. B: Flowchart for thepreparation of chilli pastefrom chilli grinder
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three phase el ectric motor.
— Indicator for indicating the el ectricity with aresistance.

Operational processesof chilli grinder :

Themachine operation startswith both blending and heating operationsin parallel. The setting for blade assembly
speed parameters is made before the machine operation. Two temperature parameters play an important part in
determining the quality of the end product (chilli paste). The first controlled temperature (T,) isthe temperature at
which the blending operation ends, for which the particle size distribution of the suspended solid ingredient (chilli)
greatly depends on the temperature. During the blending operation, the blades are rotated at high speed in order to
utilize the sharp cutting surfaces along the leading edges of the bladesfor liquefying the solid ingredients, accompanied
by heat. When the T is achieved and detected by the temperature sensor (thermometer), the rotation of the blades
stops. The blade assembly takes five secondsto prepare for the foll owing cooking operation.

The cooking operation startswith the rotation of the bladesin a clockwise direction where thewing flaps on the
blade edges work to induce an upwardly directed axial flow of the semi-liquid food. Heat transfer from the heating
plateis continued until the second predetermined temperature (T,) isachieved. The second temperature (T,) determines
the cooking time of the foodstuff during cooking operations. The cooking method employed in the present designis
pan-frying. The end products should not contain any free water in its cooked state. Oncethereis no freewater inthe
chilli paste, the temperature of the chilli paste will be increased to 100°C and at thistime, the foodstuff will beina
well-cooked state, where the oil from the paste floats to the top.

Therefore, 100°C can be used as the second temperature (T,) parameter to control the cooking operation of the
machine and ensure that the chilli pasteiswell-cooked at that particular temperature.

Performanceevaluation :
Thefollowing parametersto be under taken :

Theproduct losses:
The percentage of product losseswill be calculated by using thefollowing formula (Willard et al., 1971).

where; y, = product losses (%/min), W, and W, = initial weight of chilli taken and final weight of chilli, respectively
(gram), and t = time taken to prepare the chilli paste (min). The anal ogue scale with +1 gram accuracy.

Capacity of pastepreparation :
The paste preparation capacity of the chilli paste making and cooking machine will be calculated by using the
following formula (Pyler, 1988).

Massof chilli pastein kg

Pasteprepar ation capacity = Time (sec)
ime (sec.

L oad justification (BI'S, 2004) :
Theload justification method is cal culated by the following formulas
K =544
8nD
where, K= spring constant.
G = young modulas of spring
d = wirediameter (inch).
n = number of active coils.
D= mean coil diameter.
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Load
Distancetravelled

Load = rate x distance travelled

Rate =

Volumeof can (BI'S, 2004) :

Thevolume of can method is cal culated by thefollowing formula.
Volume of can = ntr*h

Motor power verification (BIS, 2004) :

The motor power verification iscalculated by thefollowing formulas

_ Speedinrevolution per minute

Speed of motor (RPS)=N 0

NDa?p
Hardness
where, N = revolution per second.
D, =Diameter of bladerevolution
p = Density

Nie =

P=c"xr xD2xN?
where, ¢’= Np= power number
p = Density
D= diameter of the can.
N=speed of motor (RPS)
P= power

Power

Horsepower =
P 746

EXPERIMENTAL FINDINGSAND ANALYSIS

This paper deals with the results obtained from the different experiments of the present investigation such as

Performanceevaluation of fabricated chilli grinding and cooking machine:
Product loss:

design, fabrication and performance evaluation of machine. Efforts have been made to devel op grabsto describe the
different product losses, capacity related with time. The findings have been suitably explained with logical regions
wherever possible. Thefindingsal so have been discussed in the light of theoriesand with theliterature support to the
possible extent.

The product losseswere determined by taking different sets of experimentsand it wasfound that the product loss

Table1: Product loss (%)

Sr. No. W, W, Wi-W, Product loss (%)
1. 250 249 1 0.40

2. 300 297 3 1.00

3. 450 454 6 133

4. 500 493 7 1.40

5. 750 739 11 1.46

6. 850 837 13 153

7. 1000 983 17 170

8. 1250 1228 22 176
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Fig. 1: Product Lossspecification

werevariesfrom 0.4to 1.7 per cent. The average product losswas 1.275 per cent. Thelossisduethe oil used during
the cooking of the chilli paste leadsto sticking of chilli pastein the can lid and the blades.

Paste prepar ation capacity :
The Paste preparation capacity of fabricated machinewas calculated and it wasfound that it variesfrom 0.000141
kg/sec to 0.000321 kg/sec. The average capacity was 0.000249 kg/sec.

Table2: Paste prepar ation capacity of fabricated machine

Sr. No. Mass of the chilli paste (kg) Timetaken in chilli grinding (sec) Paste preparation capacity(kg/sec)
1 0.255 1800 0.000141
2. 0.499 2280 0.000218
3. 0.744 2700 0.000275
4. 0.988 3420 0.000288
5. 1.233 3840 0.000321
Paste preparation capacity (kg/sec)
0.00035 -
0.0003
5 g 0.00025
Iy
g2  0.0002-
5
S35 0.00015- )
E ={ii= Paste preparation
8 o000t capacity (kg/sec)
0.00005

1800 2280 : 2700 3420 | 3840

Timetakenin chilli grinding (sec)

Fig. 2: Performancespecification

Cost analysis:
Total manufacturing cost was the sum of the elemental costswhich are asfollows:
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Table3: Cost analysis
Material costs 8000.00 INR
Direct labor costs 14000.00 INR
Overhead costs 500.001 NR
Other costs 2500.00 INR
Total costs 25000.00 INR
10 s
e
—
— G VN “
= = =
= » 16.5 % =
= L = = 25
= = =
- = =
A o =
o
et o
] : !
I- — \\}3’
L] E L
15 == e T |
5 B
\\ " -
15 s
,L}}_ ]
ma— Yoy o S saaaaml A1
e = (=l
T
12.7 |
1
| 35— | 38 |
Front view of chilli paste grinder Sideview of chilli pastegrinder
All dimensionareincm.
Conclusion:

A new chilli paste making machine was successfully designed and fabricated with combination feature of
blending and cooking e ement. This machine processestheraw ingredientsinto chilli paste that isready to serve. The
machine performs blending and agitated cooking automatically without any manual input at the stage of changing
from the blending to cooking operation. The bladesthat arefixed in the machine do not require to be changed during
the whole operation (blending and cooking operation). The whole operation is controlled by the miniature circuit
breaker and the switcheswhich allowsfor theautomated control at the desired temperature and speed parameters. The
present machine has eliminated the need of transferring of blended food in the blender or food processor to the pan for
cooking as well as savestime and labor by eliminating the need of manual stirring by hand. It is expected that this
newly designed machine could replacethetraditional way of chilli pasteasit smplifiesthetasksinvolvingin making
chilli paste.

Appendix :
Calculation during projects
— Weight of motor with attachments = 10.76 kg
— Materia of spring = hardened steel
— Loadjustification
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Gd4

“8nD
where, K= spring constant.
G = young modulas of spring
d =wirediameter (inch).
n = number of active coils.
D= mean coil diameter.

Values:
G = 30000000
d =0.5 cm or 0.1968 inch.
n=33
D =2.6772

Calculation:
K= 30000000 x (0.1968)*
8x33x (2.6772)*
= 45000.944
5065.78
=8.88

L oad

Distancetravelled

Load = rate x distance travelled
=8.8815x 11
= 97.71 pounds/inch or,
=44.32 kg.

Rate =

Volumeof can:
Volume of can = nr*h

=3.14x (6.05)>x 15
= 1723.97 cn?®

Motor power verification :
Power number = N = c¢’=1.05 (for N, > 300)
Diameter of bladerevolution D_=11.6 cm
Hardness = 3.50
Density =621 kg/ m*=0.621 g/ cm?
N = revolution per second
N = Speedin rpm
60
= 1440
60
= 24 revolution per sec.
_ NDa%p

® " Hardness
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=24 x (11.6)> x 0.621
3.05

=572.99
P=c xr xDSxN?
P=1.05x 0.621 x (24)3 x (11.6)°
P = 1893235200 g.cn?/s®
P =1893235200 x 107 kg.cm?/s?
P =189.32 kg.cn?/s®
P =189.32 J/Sec or 189.32 Kw.

Hor sepower =
P 746

Horsepower = 189.32
746
=0.2501 Hp
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