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FINAL PROJECT COMPLETION REPORT

1. Title of the project:
Design & Development of low cost, servo based PLC operated grain / grain
products automatic weigher for Flour mill industry

2. Date of commencement: 03/10/2007

Date of termination : 02/10/2009

3. Name & Address of Principal Investigator:
G.H.Gangadharappa
Scientist-E;
Flour Milling, Baking and Confectionery Technology Department
Central Food Technological Research Institute

Mysore-570 020

Email: ganga302088@yahoo.com

4. Total grant sanctioned and expenditure during the entire tenure
Sr. | Expenditure Head Amount in Rupees
No. 1% Year 2" Year

i. | Equipments 550000=00 Nil

ii. | JRF/SRF/RA 15000=00 " Nil

iii. | Consumable Nil Nil

iv. | Travel Nil Nil

v. | Other Nil Nil

vi. | Total 565000=00 0

*Borne by CFTRI




5.

Equipment(s) purchased out of MFPI grant

Name

Cost in Rupees

Low cost servo based PLC operated grain / | Rs.488095=00 + Sales tax @ 12.5%

grain products weigher for Flour Mill Industry

Copy of UC, list of equipments and list of project team members are enclosed

as Annexure-lll

6. Research fellows associated with scheme:

Name & Designation Date of joining Date of relieving
Prashanth. R 28/01/2008 30/04/2008
Project Assistant (Level-I)

7.

List of research papers published / communicated, based on the
research work done under the scheme (Name(s) of author(s), Title,
Journal, Volume number, Year and pages):

Development & performance evaluation of low cost, servo based PLC
operated grain / grain products automatic weigher for Flour mill industry 1

Under preparation

Details of new products developed/apparatus or equipment designed or

Constructed / test developed etc., during the investigation:

The project work resulted in development of low cost, servo based automatic
grain weigher on a laboratory scale and has the potential to be scaled up to

commercial levels.

Sl.

No.

Description Technical specifications

Low cost, servo based PLC | Capacity 5kg, 600kg/h*

operated grain / grain products

_ ) Accuracy +0.25%
automatic weigher

Power consumption 600 W

* Cleaned and dry wheat with bulk density of 750 Kg / m®




The equipment works on the basic principle of batch weighing.
Working flow diagram is as shown in the Figure.l. Raw material to be
weighed is automatically fed to the weighing hopper through a quantity
regulating servo slide. The movement of the slide is controlled by precision
linear motion guide way assembly which is driven by brushless servo motor.
Feeding of the material from the collection hopper to the weighing hopper is
done in coarse and fine feed. Automatic weighing cycle starts with wide
opening of the servo slide followed by weight register by the load cells.
During rapid movement of the servo slide, more quantity of material is passed
to the weighing hopper. As the weight of the weighing hopper is nearing to
the set weight, servo slide moves slowly to provide fine feeding of the grain.
As soon as the weight of the material in the weigher hopper achieves the set
value, the servo gate of the storage hopper closes and the weigh hopper gate
opens to discharge the set quantity of material on to a downstream process
line. Micro controller registers and updates the exact quantity of material
discharged. When the weigh hopper becomes empty, weigh hopper gate

closes and the storage hopper servo slide opens for the next weighing cycle.

Granular product

A 4

Storage Hopper

Servo control

A 4

& PLC Servo slide gate
A
\ 4
Y Pre Set weight on > _
weigher controller |« Weigher Hopper
Pneumatic Slide

A

gate

A 4

Process line

Figure.l Working flow diagram of Auto grain weigher



9. The likely impact of the completed work on the scientific / technological
potential in the country

Enclosed as ANNEXURE-I

10. Whether work for patenting has been initiated? Yes/No; if yes, what
action has been taken and if not, its reason thereof: No

Technology know how entitled codDesesviogn & |
based PLC operated grain / grain products automatic weigher for Flour mill
industryo has been filed to PDRU, CFTRI

11. Detailed account of the work carried out in terms of the objective(s) of
the project and how far they have been achieved;

Objectives as stated in the project proposal:

e Design & Development of low cost servo based PLC operated proto type
automatic weighing machine

e Trial run of the machine

e Performance Evaluation of the machine

e Feasibility study of the machine for weighing of semolina and Flour before
packing

Year wise targets for the project and progress made against the same

Progress made /

Year Targets achieved

1% Year (2007-08) (a) Preparation of conceptual design | All the targets achieved

(b) Preparation of fabrication | as per schedule (See
drawings Annexure-II)

(c) Raw material procurement

(d) Servol/stepper control, PLC unit,
ball screw, precision slide
assembly, procurement

2" Year (2008-09) | (a) Assembly of fabricated items All the targets achieved
(b) Assembly of hopper precision |as per schedule (See
slide gate, timer belt and pulley, | Annexure-II)
proximity switches, limit switches
(c) Trial run of equipment and
modifications if any
(d) Evaluation of the system and final
report preparation

Detailed account of the work carried out during the project period:

Enclosed as ANNEXURE-II



12.

13.

14.

Abstract of research achievements

In flour mill industry weighers & weighing mechanisms are to be very
accurate. Without this accuracy, extraction figures are meaningless. Weigher
is the necessity of a flour mill either to weigh the clean wheat before the 1%
break rolls or to weigh the final products to calculate extraction rate. Low cost
automatic weighing machine using latest technology of servo control and
Programmable Logic Control (PLC) was designed and developed considering
the advantages of electronic weighing and linear motion guide ways moving
accuracies. The results of studies carried out for automatic weigher
indicated that the equipment could be used as weigher in Flour mills.
Statistical analysis indicated that there was no significant difference in mean
value of measurements from set weights (1500, 3500, 5000 grams) and
measured weights at the 95% probability level. Minimum average percentage
error (< 0.2%) was observed for 3500, 4000, 4500 and 5000 grams weight
measurements. Weight measurements on the dispensed material under
repeatability conditions produced results within £ 0.22% of displayed set
weight for 3000, 3500,4000, 4500 and 5000 grams revealed that weighing of
product by auto grain weigher was very precise. Automatic weighing
equipment can be successfully used for weighing and dosing of any granular
products into bags, containers in automated production processes.

Mention here whether or not the unspent grant has been refunded
to MFPI:

Unspent grant refunded to MFPI (DD No. 870456 dated 30.10.2009) on
03.11.2009

UC as per Annexure-D submitted? Yes/No: Yes

Signature of PI Head of the Department

(Gangadharappa. G.H)

Date: 11.11.2009



ANNEXURE T |

Impact of the completed work on the scientific / technological
potential in the country

The current frontier in the flour milling industry is to either weigh the clean
wheat before the 1st break rolls or to weigh the final products to calculate extraction
rate. Rate of extraction can have a considerable effect on the production cost of the
flour. From an overall manufacturing cost stand point, the output per hour or 24
hours can affect the profitability of the whole of operation of the mill. Mechanically
operated auto grain weighers are obsolete and maintenance oriented. New level of
resolution in automation technology leads to the need for design and development of
state of art technology i.e. low cost automatic weighing machine using latest
technology of servo control and Programmable Logic Control (PLC) concepts.
Electronic weighers are sophisticated and calibrate themselves by using built in
calibration procedures and save the data themselves. Linear motion guide ways
accompanied with precision ballscrew greatly enhance moving accuracy. Equipment
developed in conjunction with latest servo drive, PLC, linear motion guide ways, load
cells and micro controllers have unigue potential to make precision weighing. In this
endeavor there is huge potential for incorporating servo technology for various
machineries in the field of grain milling. Automatic weigher followed by bagging
machine can be used as packer in the packaging line to pack granular product of any

range between minimum to maximum of designed weighing capacity.



ANNEXURE -1l

RESEARCH WORK CARRIED OUT DURING THE PROJECT PERIOD

1.0 Introduction

In flour mill industry it is most important that weighers & weighing mechanisms
are to be very accurate. Without this accuracy, extraction figures are meaningless.
Weigher is the necessity of a flour mill either to weigh the clean wheat before the 1°
break rolls or to weigh the final products to calculate extraction rate. In the flour mill
industry the quantity of flour produced expressed as a percentage of the wheat used.
For more immediate mill control purposes the amount of flour produced from clean
wheat on to the 1% break rolls is used (or) is calculated as a percentage on an hourly
basis. Rate of extraction can also be calculated based on wheat products. Rate of
extraction can have a considerable effect on the production cost of the flour. Also
from an overall manufacturing cost stand point, the output per hour or 24 hours can
affect the profitability of the whole of operation of the mill.  Feed shutter for
automatic grain weigher (Shimauchi, 2000) consisted of mechanical gate to provide
feed opening/closing for easy handling on the completion of the weighing operation.
Solenoid valve and lever mechanism operates gate mechanism which leads to wear
and tear of links, arm knife edges etc., two positions either open or close affects the
weighing accuracy. Automatic grain weighing machine (Okada & Shimauchi, 2001)
consisted of hopper, weigher with hooks arrangements for empty bag & drop hole
mechanism. Full open to half open or full close of the gate operated through drop
hole mechanism was used to fill the specified quantity of matter into the bag which
affects the accuracy of weighing. Continuous monitoring of set weight and matter
feeding was absent. Conventional filtering methods employed in dynamic weighing
systems have limitation in improving accuracy and throughput rate (Halimic,
Balachandran & Enab, 1996). Fluctuations in the bulk density of the raw materials in
volumetric or rotary charger dosing results in alterations in weight (Efremenkov,
Subbotin & Khaimovich, 2001). Weighing machines equipped with platform scales
or beam balances with dials do not ensure the required accuracy of weighing batch
materials (Efremenkov et al, 2003). Mechanical scales are not reliably precise and
their applications in automatic lines are complicated (Bubulis, Jurenas & Kranclukas,
2005). Mechanically operated autograin weighers are obsolete and maintenance

oriented. Electronic weighers are sophisticated and calibrate themselves by using
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built in calibration procedures and saves the data themselves (Gustavo Gonzalez &
Angeles Herrador, 2006). Load cells are widely used in a variety of industrial
weighing applications such as wending machines and weighing systems
(Jafaripanah, Al-Hashimi & White, 2004). Load cells interfaced with integrated
electronics convert the weight force to an electric signal and deliver the output signal
to an automation system (Udo, 2002). Linear motion guide ways accompanied with
precision ballscrew can greatly enhance moving accuracy. Hence, considering the
advantages of electronic weighing accuracy and Linear motion guide ways moving
accuracy, the present project was undertaken to design and develop state of art
technology i.e. low cost automatic weighing machine using latest technology of servo

control and Programmable Logic Control (PLC) concepts.

2.0 Materials and Methods
2.1 Materials

Raw materials used were stainless steel sheet metal (SS 304), Indian
standard medium channel, mild steel square tube, load cells, Hopper weighing
controller ( IPA, Bangalore, India), Linear motion guide ways(Hiwin, Taiwan), AC
Servomotor & drive, PLC, Control panel with PLC & Junior MMI (L & T Chennai,

India) were purchased from Balaji Autotech Pvt. Ltd. Mysore, India.

2.2 Design consideration

2.2.1 Storage and weigher hoppers

Storage and weigher hoppers were designed for 25kg & 5 kg holding capacity
respectively by considering density of wheat as 750kg/ m* and shape of the hopper
as trapezoidal. Volume (Vol) of hopper was calculated using equation (1)

Mass
Vol = (1)
Density

Height (H) of the hopper was calculated by using equation (2)

Vol of trapezoidal hopper =H (A1 + A2 +& 1Ay) (2)
3
Where A1= Area of bigger end of hopper (Inlet length x width)

A= Area of smaller end of hopper (outlet length x width)

H= Height of hopper

10



Weight of hopper was calculated by equation (3)

Weight of hopper = Vol of trapezoidal sheet metal * Density of sheet metal

3)

Total Vol of sheet metal was calculated using equation (4)

Total Vol = (Vol of trapezoidal sheet metal)(No. of sides) (4)
Vol of trapezoidal sheet metal = (Area of trapezoidal sheet) (thickness)

Area of trapezoidal sheet=1 (X + Y)C
2
Where 0X06 & 6YO6 are | engths of parallel side

C = Height of trapezium
Weight of hopper was calculated by using equation (5)
Weight of hopper = (Vol of sheet metal) (density of metal) (5)

2.2.2 Load cells

Load cell capacity was calculated by considering the weight of weigher
hopper, discharge material weight, weigher hopper location pins and weigher hopper
pneumatic gate.
Load cell capacity = (weight of weigher hopper+ discharge material weight + weight
of location pin+ weigher hopper pneumatic gate)
Load cells were selected for safe overload of 150% and ultimate overload of 200% of

the rated load

2.2.3 Pneumatic cylinder
Double acting piston pneumatic cylinder was selected for the operation of

weigher hopper. In-stroke force of pneumatic cylinder was calculated by equation (6)

Fi= e (6)

Where F; =In-stroke force
P=Pneumatic cylinder air pressure
d;=Bore diameter of cylinder

d,=Piston rod diameter
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Out-stroke force of pneumatic cylinder was calculated by equation (7)

S (7)

Where F, =Out-stroke force
P=Pneumatic cylinder air pressure

d;=Bore diameter of cylinder

2.2.4 Linear motion guide ways
Linear motion guide ways series suitable for lathe applications were selected
from Hiwin catalogue. Model size was determined based on ball screw diameter
used. Four numbers of Linear guide ways blocks were considered.
Loads acting on guide ways were calculated by equation (8)
W h F

P = — (8)
2d 2d

Where P= Loads acting on guide ways
W= Weight on blocks

h= weight height from guide ways

F= Acting force

I= Acting force distance

d= Distance between blocks

Critical load acting on block was calculated by equation (9)

Pc=Pmax + P; (9)
Where P.= Calculated load
Pmax = P (Maximum load)

P,= Pre load
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Nominal life of the guide ways was calculated by equation (10)

Fn Ft C
L= —— x50 km (10)
Fw Pc

Where L=Nominal life
Fh =Hardness factor

Ft =Temperature factor

C =Basic dynamic load rating
Fw =Load factor

Pc =Calculated load

Km =kilometer

2.2.5 Equipment

The Automatic system designed and developed for weighing grain / grain
products is shown in Fig.2. Inside view and isometric views of Auto grain weigher
are shown in Fig.3 & 4. Automatic grain weighing equipment consisted of storage
hopper (Approx. 0.04m?* capacity, sheet metal thickness 3.5 mm, 100 mm Square
bottom opening), quantity regulating servo slide, linear motion guide ways with
precision ball screw (20 mm width, 17.75 KN dynamic load rating, 37.84 KN static
load rating, 16 mm diameter ballscrew), AC Servomotor (1.27 Nm torque, 3000 rpm,
400 watts) with drive (220 volts, single phase), weighing hopper (5 kg capacity, sheet
metal thickness 2.5 mm, 75 mm square bottom opening), load cells (10 kg capacity),
weighing control (Micro controller, 16-character, 2-line LCD display), programmable
logic controller (Micro PLC, 16/12 digital Input / Output) and pneumatic cylinder (6
Bar operating pressure) with gate, supporting structure-1 for storage hopper
(1.4meter height, 0.53meter square length & width), and Supporting structure-2 for
weigh hopper (0.05 meter square pipe, 0.7 meter height, 0.38meter square length &
width).
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Figure 2. Automatic grain weighing equipment
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Storage hopper

PLC, MMI control panel

Weigher control panel

Servo slide gate

LM Guide way
Weigher hopper
Loadcell

Pneumatic slide gate
Pneumatic cylinder

Figure 3. Parts of Auto grain weigher
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Figure 4. Isometric view of Auto grain weigher
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