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ABSTRACT

Polypropylene bag industry is labor intensive and faces tremendous labor and machine
maintenance problems, which challenge the quality of the fabric. Weaving defects
manifest themselves as holes or missing tapes in the fabric, which compromise the
strength and usability of the fabric. This technical paper outlines the design of an
automatic cutting machine which can detect defects and synchronize cutting. The
designed cutting machine aims to reduce current manpower with enhanced quality
control. The impact of the cutting machine on the manufacturing process will be
analyzed and discussed in terms of financial advantage.
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1 INTRODUCTION

Polypropylene bag industry is a flourishing business in the Indian manufacturing scenario. There are
not many players in the field due to the high initial investment and maintenance cost involved with
the machines. The manufacturing quality is highly dependent in the skill of the operator, even though
the machines are fully automatic.

The industry runs on semi automatic and automatic machines. They have to be maintained by the
operator at the optimum condition to produce defect free fabric. Maintenance is a tedious job and is
often neglected by the operators leading to the production of defective fabric. This leads to a large
number of rejects and hence an expensive quality control has to be set up for fabric recovery.

This technical paper outlines the design of a cutting machine and financial advantage that the
industry is set to gain by shifting to the automatic cutting machine. The designed cutting machine is
maintenance free and automatic due to which the defects caused by operator negligence can be
avoided. The machine also incorporates an internal quality control mechanism that replaces the need
for expensive quality control, at a lower cost. This technical paper approaches the problem in two
phases, phase I- design and simulation of the cutting machine using Solid Edge, phase II-
implementation of the cutting machine and analyzing its impact on the manufacturing process.
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2 MANUFACTURING PROCESS

The industry manufactures bags of various sizes and shapes for wide range applications such as
container liners, cement bags, fertilizer bags, seed bags etc. These bags have very high tonnage and
hence their quality determines the safety of the user. The processes highlighted are used in Buildmet
Fibers. To achieve the fabric of the required quality and specification, manufacturing process as
described below is followed:

2.1 Extrusion and Tape Winding

This is the first step in the manufacturing process. It determines three important parameters of the
polypropylene fabric.

 Denier: Weight in grams of nine kilometer length of the material. It is specified by the
customer while placing the order.

 Tape thickness: Output from the extruder is in the form of tapes. The thickness of the tape has
to be maintained in order to achieve the required grams per square meter of the fabric.

 Tensile strength: It determines the maximum load that the fabric can withstand. It is specified
by the customer while placing the order.

Polypropylene bead is the raw material. These beads are mixed with a coloring agent and ultraviolet
protection agent and fed into the extruder.

The raw material is fed into the extruder and a molten sheet is the immediate output. The molten
sheet is allowed to pass through a water bath, to solidify into a sheet. This sheet is fed through a set of
pinch roller, stretching the sheet to the required thickness. The sheet is cut into tapes of equal width
by equally spaced blades.

Tapes are wound on pipes called cheese pipes. The winding takes place in a highly sophisticated
cheese winding machine. The cheese pipes are places on rotating shafts and the tape is fed into a
slider, which slides over the cheese pipe and winds tape simultaneously. The cheese pipe over which
the tape is wound to the required radius is called a bobbin. Bobbins are manually stacked and stored
for feeding into the weaving unit.

The working parameters of the extruder determine the denier, tape width and tensile strength. The
parameters are melt temperature, die spacing, coolant temperature, pinch roller speed ratio and blade
spacing. These values have to be set initially and have to be constantly monitored.

2.2 Fabric Weaving

It is the second step in the manufacturing process where the tapes are meshed together to form a
netted fabric. This stage determines three important parameters

 Grams per square meter (GSM): It is the weight in grams of the fabric per square meter area of
the fabric. It is specified by the customer while placing the order.

 Fabric width: This is the measure of the width of the woven fabric. It is specified by the
customer while placing the order.

 Mesh size: This is the number of tapes in 1 square centimeter area of the fabric.

The bobbins with the required denier value are placed in a rack. Tape from each bobbin is fed into
the loom. The loom is automatic. The operator has to feed only a certain number of tapes for a
specific width and mesh size of the fabric.

The fabric is tubular when it comes out of the loom. This tubular fabric has to be cut with a heating
element along the edges to form two separate layers of fabric. The two separate layers of fabric are
rolled onto two cardboard cores. The fabric of required length is produced and rolled onto the
cardboard cores and stored for cutting.

2.3 Fabric Cutting

In this stage the fabric in the form of rolls is cut into the required length. The cut length is determined
by the design section in the manufacturing facility.

The customer specifies the bag dimensions and the design section modifies these dimensions into
cut length and releases the order to the cutting section.
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The roll is fed into a semi automatic cutting machine and the cut length is entered. Fabric of required
cut length is drawn into the machine and the heating element is lowered and the fabric is cut. One
person controls the cutting mechanism whereas the other two inspect the cut fabric for defects and
sort the fabric into two different piles, one containing good pieces and the other containing defective
pieces.

This stage acts as the control for the processes that follow this step. Any mistake in the quality
control will prove very expensive after this step, as the cut pieces undergo a large amount of post
processing.

2.4 Printing

This stage involves the feeding of the good cut pieces into the printing machine, to print the details as
specified by the customer. This process is very slow and is prone to errors. The errors are inherent in
the printing process due to the nature of the printing material. The printed pieces are stacked and
sent to the stitching section.

2.5 Stitching Section

This section is generally independent from the manufacturing section. They are concerned with the
quality of the final product. This section is highly organized and the rate of output is very high. It is
labor intensive, making it very flexible to accommodate design alterations.

Many production lines are dedicated to the stitching of a certain type of bag. Many types of bags
are produced simultaneously in the facility. The stitching process is determined by the design section.
Each line is always adequately stocked to prevent loss of manufacturing time and to ensure high
productivity. Stitching defects are very uncommon as the tailors are very skilled and they receive only
defect free cut pieces.

Quality check is the final step in the stitching process.

3 DEFECTS IN POLYPROPYLENE FABRIC

Defects are inherent in every manufacturing process. However it is a major concern in the
polypropylene bag industry. Very high factor of safety has to be maintained due to direct interaction
between the bag and the user. The bags have a very high tonnage and hence any mishap will cause
great danger to life.

Defects can be broadly classified on the basis of the stage at which they occur as follows:

3.1 Extrusion Defects

3.1.1 Denier defect

This defect is caused due to the improper mixing ratio. If the denier is more than the required amount
then the manufacturer will incur loss due to material waste. If the denier is less than the required
amount then the tensile strength will reduce and the fabric will fail.

3.1.2 Tensile strength

Tensile strength is the major factor in determining the loading capacity of the fabric. Greater the
tensile strength greater is the loading capacity. Tensile strength is affected by denier and the
temperature of the melt and cooling water.

3.1.3 Tape thickness

Tape thickness is an important factor for weaving. If the thickness is very low then the tape starts
slipping in the loom causing weaving defects. Tape thickness is determined by the extrusion die. The
die is provided with screws to allow for variation in thickness of the film. Accurate setting of the screw
is required to maintain constant thickness of the film and hence the tape. Pinch roller speed ratio also
determines the tape thickness. If the pinch roller speeds are very high the tape becomes very thin and
vice versa.
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The extrusion unit is constantly monitored to see if the parameters are kept constant and necessary
alterations are made. By proper inspection it can be made sure that extrusion defects can be reduced
to a bare minimum.

3.2 Weaving Defects

Fig. 1: Fabric defects encountered during weaving. (a) Mesh defect, (b) Tape looping, (c) Holes.

Weaving is highly automated. Sensors in the loom stop the machine in case of tape break. They rely
heavily on the operator maintenance. If the loom is not oiled properly every 15 minutes the tension in
the tape increases leading to tape break and fabric damage. Operators are required to highlight the
defects on the fabric to assist the cutting section but it is rarely followed. The number of defects per
roll is never accounted, leading to shortage of cut pieces at the stitching section. Weaving defects are
of the following type:

3.2.1 Weft defect

Weft is the tape that runs perpendicular to the length of the fabric. The tape for the weft is supplied by
three separate bobbins, rotating at high speed inside the loom. Weft defects can be further classified
as:

3.2.1.1 Tape looping

These types of defects are typically caused due to the sudden stoppage of machines caused by power
cuts. The weft tape sticks out of the mesh like a loop. When these loops are cut from the fabric the
tapes get loose and slide out of the mesh. This is inherent in the loom and cannot be eradicated.

3.2.1.2 Unequal mesh

This defect is caused when weft tapes are missed out of the mesh. The number of weft and warp tape
is unequal in the mesh. This type of defect is caused when the operator fails to notice that the weft
bobbin is empty. Only the warp tapes will be found in the mesh and all the spaces for the weft will be
left empty. This is a major cause for concern as the strength of the fabric reduces largely at these
sections.

3.2.1.3 Holes

It is caused due to bad maintenance of the loom. If the looms are not oiled properly dust particles
settle on the moving parts of the loom and lock them. This causes excessive tension in the tapes and
hence the tapes cut causing a hole in the mesh.
Tape looping is not a major problem when compared to holes and unequal mesh. Holes don’t reduce
the strength of the fabric by a very large amount but they render the bags unsuitable for use.

3.2.2 Warp defects

Warp is the tape that runs along the length of the fabric. The tape for the warp is supplied from the
bobbins, which are free to rotate on an external rack. Warp defects can further classified as:
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3.2.2.1 Fabric width

This type of defect is characterized by fluctuating fabric width. It is caused when the warp tapes have
less tensile strength. When tension is applied on the tape it folds leading to the overlap of the warp
tapes and eventually reduction in the mesh size.

3.2.2.2 Unequal mesh

The bobbins for warp tapes are placed on an external rack. It is monitored by a helper. Due to the large
number of bobbins, an empty bobbin may go unnoticed. This leads to missing warp tapes in the mesh.
Thus the strength of the fabric reduces.

3.2.2.3 Holes

It is caused due to bad maintenance of the loom. If the looms are not oiled properly dust particles
settle on the moving parts of the loom and lock them. This causes excessive tension in the tapes and
hence the tapes cut causing a hole in the mesh.

3.3 Cutting and Sorting Defects

Cutting defects are due to operator neglect. Improper heating of the heating element leads to partially
cut fabric, exposing free ends of the tape which slide out during handling, making them unsuitable for
use. Sometimes the fabric may not be placed properly, causing the cut to be oblique, making them
unsuitable for use.

Sorting errors are however of greater concern. The fabric, several meters in length, is rolled and
can have defects at any length. If the defects are not highlighted during weaving, it is difficult to
determine the presence of defects. The cutting operators encounter the defect only while cutting, and
if the defective piece is observed it will be rejected. The cutting operation takes place very fast,
requiring complete attention of the operators. Due to the monotony involved in the job, operators are
easily distracted and defective pieces often go unnoticed.

4 AREA OF FOCUS

This technical paper emphasizes on the replacement of existing cutting machine with the designed
cutting machine. Fabric cutting is the final and only stage at which the fabric is checked for defects.
Tab. 1 shows the cutting section rejection of 90 GSM fabric over a period of one month.

Date Roll length (m) Cut length
(m)

Number of
good
pieces

Number of
defective

pieces

% defects

15-Apr-10 1.19 778 633 21 3.317536
16-Apr-10 0.97 400 387 25 6.459948
17-Apr-10 1.19 596 488 13 2.663934
18-Apr-10 1.19 1550 1160 18 1.551724
19-Apr-10 1.35 858 624 12 1.923077
20-Apr-10 0.97 264 240 36 15
21-Apr-10 0.97 288 280 20 7.142857
22-Apr-10 1.19 1237 1017 23 2.261554
23-Apr-10 0.97 1008 1015 25 2.463054
24-Apr-10 1.19 547 425 35 8.235294
25-Apr-10 1.17 1024 840 35 4.166667
26-Apr-10 3.17 1795 447 70 15.65996
27-Apr-10 1.17 1600 1163 95 8.16853
28-Apr-10 3.22 466 126 19 15.07937
29-Apr-10 4.05 263 60 5 8.333333
30-Apr-10 4.05 1724 375 50 13.33333
01-May-10 4.05 300 70 4 5.714286
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02-May-10 1.19 1695 1400 25 1.785714
03-May-10 0.97 310 300 20 6.666667
04-May-10 1.35 122 89 2 2.247191
05-May-10 0.97 843 821 49 5.968331
06-May-10 0.95 2929 2940 144 4.897959
07-May-10 1.19 1846 1560 6 0.384615
08-May-10 0.97 1004 1000 36 3.6
09-May-10 1.97 380 185 8 4.324324
10-May-10 4.77 1525 260 32 12.30769
11-May-10 1.97 630 306 14 4.575163
12-May-10 1.8 1360 671 35 5.216095
13-May-10 1.8 1202 645 23 3.565891
14-May-10 4.77 2032 416 10 2.403846
15-May-10 4.77 705 133 15 11.2782
16-May-10 4.77 539 103 10 9.708738

Tab. 1: Rejections over a period of one month.

The cutting machines present in the facility are of two types, manual and semi automatic. The
semi automatic cutting machines have automatic feeding for the corresponding cut lengths, but the
cutting and inspection is manual. In the manual cutting machines operators have to pull the fabric of
required cut length and cut them on a heating element manually and inspect for defects.

The inefficiency of the existing cutting machines can be explained by the following classification:

4.1 Process Inefficiency

Process inefficiency deals with the inefficiencies involved in the cutting process due to the
incorporation of the current cutting machine. They are as follows

4.1.1 Labor intensive

The semi automatic cutting machine in the facility is operated by 3 operators. One operator is used to
control the cutting action whereas the other operators are responsible for the quality inspection. The
manual cutting machine utilizes 4 operators. One operator is responsible for measuring and drawing
fabric for the required cut length, two operators are responsible for cutting and another operator for
quality inspection.

4.1.2 Relativity in judgment and monotony

Quality is a relative parameter. The operators involved in the cutting might feel that fabric with a small
hole is acceptable and pass it for post processing. However the bag with the defective piece will be
rejected by the final quality inspection. This leads to unintentional transmission of defective pieces for
post processing. Visual inspection is a monotonous job and requires complete attention of the
operator. Due to the monotony it is easy that the defect goes unnoticed by the operator.

4.1.3 Productivity

It is the measure of the time in which a complete roll is cut into the required cut length and sorted into
good and defective pieces. Productivity in the case of manual and semi automatic cutting machine is
determined by the mood of the operator. For example if the operator steps out for a break then the
machine has to be stopped and hence productivity drops. The operator will take time to adjust to the
machine after resuming work thus altering productivity. A clear estimate of the net cutting time can
never be obtained.

4.1.4 Safety

Safety is the most important parameter in any manufacturing process. The existing cutting machine
poses as a safety threat to the operator due to the following reasons:
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 The cutting element is a heating wire. The operators have to manually hold the fabric and pass
it over the heating wire. Due to the monotony in the process the operators are often distracted
and they burn themselves accidentally.

 Due to the nature of the work, women are generally employed to operate the cutting machine.
They operators are not bound by a dress code and they wear loose clothes, increasing the
probability of catching fire.

 The cutting operation is associated with a lot of fumes. The fumes are very toxic and they
affect the operator in the long run. The operators do not wear safety masks, exposing them to
respiratory diseases.

4.2 Machine Inefficiency

The inefficiency associated with the cutting machine can be classified as follows:

4.2.1 Pneumatic control

The semi automatic machine has the auto feed mechanism. In order to achieve the auto feed, the roll
has to be suspended to allow free rolling. Pneumatic linear actuators are used to lift the rolls and keep
them suspended. A lot of energy is wasted in compressing and pressurizing air to actuate the
pneumatic cylinder. The pneumatic systems are also subjected to leaks and breakdowns due to poor
maintenance. This is a major overhead in the cutting process.

4.2.2 Instrumentation

The manual cutting machines do not have auto feed mechanism. The operator has to mark the cut
length on the machine manually and draw the fabric till the marked length. This process is associated
with a lot of error, leading to cutting length inconsistency.

4.2.3 Consistency

Machines are designed for accuracy. Due to the presence of high human interaction there are many
uncertainties associated in the cutting process. The cut length is fixed by a floating spool. Due to
friction and wear in the spool, fabric is subjected to variation in cut length, increasing the rejections.

The inefficiencies in the existing cutting process manifest itself as bag rejections in the final stage of
production. Tab. 2 shows the bag rejections over a period of one month.

Date Bags rejections
15-Apr-10 2
16-Apr-10 7
17-Apr-10 1
18-Apr-10 1
19-Apr-10 1
20-Apr-10 6
21-Apr-10 4
22-Apr-10 2
23-Apr-10 2
24-Apr-10 2
25-Apr-10 8
26-Apr-10 12
27-Apr-10 6
28-Apr-10 3
29-Apr-10 2
30-Apr-10 11
01-May-10 2
02-May-10 2
03-May-10 5
04-May-10 0
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05-May-10 6
06-May-10 4
07-May-10 1
08-May-10 3
09-May-10 2
10-May-10 11
11-May-10 6
12-May-10 6
13-May-10 0
14-May-10 4
15-May-10 9
16-May-10 4

Tab. 2: Number of bags rejected in the final inspection.

4.3 Financial Impact of the Existing Cutting Machine

All the post processing operations have a cost associated with them. The rejection of bags in the final
stage is very expensive as the bags are subjected to various post processing activities.

The financial impact of using the existing cutting machine is as follows:

 Operator cost: Three operators are required to operate the cutting machine. Each operator is
paid INR 3000.

 The average price for each cut piece is INR 92. For each cut piece that is rejected, a loss of INR
92 is incurred.

 Waste cut pieces are sold at INR 12 per piece.

 The loss corresponding to the cut pieces is calculated by subtracting the profit from selling
the cut pieces from the loss incurred by the wasted cut pieces.

 Each bag is sold at a price of INR 184. A loss of INR 184 is incurred for every bag that is
rejected.

 The total loss is calculated by the adding the losses from the wasted cut pieces and rejected
bags.

The financial impact of using the existing cutting machine is as shown in Tab. 3

Number
of waste
pieces
after

recovery

Loss due
to waste
cut piece

Profit
from

selling
waste cut

piece

Total loss
corresponding
to waste cut

piece
(Rupees)

Number
of

rejected
bags

Loss
corresponding

to rejected
bags

(Rupees)

Total
loss

(Rupees)

5 460 60 400 2 276 676
7 644 84 560 7 1270 1830
6 552 72 480 1 221 701
12 1104 144 960 1 239 1199
3 276 36 240 1 184 424
22 2024 264 1760 6 1067 2827
9 828 108 720 4 644 1364
15 1380 180 1200 2 386 1586
8 736 96 640 2 331 971
15 1380 180 1200 2 386 1586
21 1932 252 1680 8 1380 3060
27 2484 324 2160 12 2208 4368
49 4508 588 3920 6 1104 5024
15 1380 180 1200 3 552 1752
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5 460 60 400 2 386 786
27 2484 324 2160 11 2024 4184
4 368 48 320 2 386 706
13 1196 156 1040 2 331 1371
14 1288 168 1120 5 957 2077
2 184 24 160 0 55 215
26 2392 312 2080 6 1104 3184
97 8924 1164 7760 4 736 8496
6 552 72 480 1 129 609
27 2484 324 2160 3 515 2675
7 644 84 560 2 442 1002
17 1564 204 1360 11 2024 3384
9 828 108 720 6 1067 1787
20 1840 240 1600 6 1012 2612
10 920 120 800 0 55 855
7 644 84 560 4 736 1296
7 644 84 560 9 1656 2216
8 736 96 640 4 736 1376

Total 66201

Tab. 3: Financial Impact of the existing cutting machine.

The total loss due to the defective fabric and rejected bags, including the labor cost, is estimated to be
INR 75201.

5 PROPOSED CUTTING MACHINE

The designed cutting machine overcomes the inefficiency of the existing cutting machine due to the
following reasons:

5.1.1 Fully Automatic

The operator has to load the roll and enter the cut length and roll details. The cutting machine draws
the fabric automatically using friction rollers. The cutting machine cuts the fabric automatically and
checks it for defects. It sorts the fabric into two stacks each containing good and rejected fabric as
determined by the sensor.

5.1.2 No Permanent Operator:

The cutting machine is designed such that it does not require a permanent operator. One operator can
manage two cutting machines easily, reducing labor cost drastically. Labor cost is the major overhead
in the cutting process and reduction in the cost imply direct saving.

5.1.3 Greater Productivity

The designed cutting machine is associated with very high productivity. The cutting machine will
operate even in the absence of operators, thus allowing greater work hours. This allows the facility to
produce greater number of cut pieces, increasing its productivity.

5.1.4 Accountability and Traceability:

The cutting machine has an account of number of defective pieces in a particular roll. The data is
constantly updated in a computer and is tamper proof. The management has access to the database
and hence it can make important decisions regarding the change in manufacturing process to counter
the rejection rate.
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5.1.5 Enhanced safety

The designed cutting machine has minimal human interaction. This allows for greater working speed
and user safety. The automatic cutting also reduces the chance of injury, making it a very safe
alternative to the existing cutting machine.

5.1.6 Better Instrumentation and Consistency

The cutting machine is designed on fixed electrical constraints. The cut length is determined by
friction rollers instead of manual measurements, eliminating cut length variations. As the machine is
automatic a high degree of repeatability can be achieved.

5.1.7 Recovery

The rejected pieces have to be utilized in an effective way to minimize losses. The rejected pieces are
run through the cutting machine with a new cut length corresponding to a similar order. The cutting
machine cuts the rejected fabric with the new cut length and sorts them into defective and good
pieces. This process is repeated till the remaining fabric cannot be utilized in any existing order.

The design process was split into two phases as follows:

5.2 Phase I – Design and Conceptualization of the Cutting Machine

Phase I of the project was to design and simulate the cutting machine on Solid Edge. The design
process is classified as follows:

5.2.1 Conceptualization

To overcome the drawbacks of the existing cutting machine the new cutting machine would have to
incorporate the following features

 Auto feed mechanism: The weight of the fabric rolls vary from 200 to 300 Kg. There must a
mechanism where the rolls can be place on a stand and the fabric is rolled out automatically.
The feed mechanism can be achieved by passing the fabric in between two friction rollers.

 Roll information input: The cut length and information like roll number, order number etc
have to be input into the machine. The cutting machine must be capable of processing the data
and adjusting the output correspondingly.

 Defect checking: Sensors must be placed on the cutting machine. This eliminates the need for
employing people for quality check. The sensors must be capable of detecting any type of
defect without interrupting the cutting process.

 Storage of data regarding defects: The cutting machine must be capable of storing information
about the cut piece, i.e. if the piece is defective or good. A database of the cut pieces must be
stored, showing the number of pieces cut and number of defective pieces.

 Automatic cutting: A heating element must be controlled with a mechanism such that it cuts
the fabric of required length and returns back to the original position after cutting. An up and
down motion is suitable for satisfying the purpose.

 Synchronized sorting: The cutting machine must possess a sorting mechanism which has prior
knowledge regarding the cut piece. The sorting mechanism should access the data regarding
the cut piece from the database and sort the cut piece as defective or good accordingly.

5.2.2 Modeling

To achieve a practical solution the concepts mentioned in section 5.1.1 have to be associated with
existing technology. The technological solutions are as follows:

5.2.2.1 Microcontroller and computer

In order to control multiple devices and perform logical operations, microcontrollers have to be used.
Due to availability and ease of programming, the 8051 series microcontroller is used to program and
run the cutting machine. The microcontroller performs the following functions:

 The microcontroller is used to communicate between the computer and the cutting machine. It
stores the cut length value and sends impulse to the friction rollers at regular intervals. The
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number of rotations of the friction roller determines the length to which the fabric is drawn,
thus variable cut lengths can be achieved by varying the number of rotations of the friction
rollers.

 The microcontroller synchronizes the friction rollers and cutting element, ensuring that the
fabric is stationary when it is cut.

 The microcontroller communicates with the sensors and receives information regarding the
presence of a defect. The sensors are designed to scan the fabric when it is drawn into the
machine. The sensors communicate the status of the fabric to the microcontroller before
cutting, and the microcontroller stores the information in its database.

 The information regarding the status of the fabric is communicated to the sorter system. The
sorting system transfers the cut piece to the good or defective side, depending on the status
communicated to it by the microcontroller.

The microcontroller is programmed to write data into a computer simultaneously so that it can be
accessed easily by any computer in the network.

5.2.2.2 Auto feed mechanism

The auto feed mechanism is realized by the use of DC motors coupled to the microcontroller. The DC
motor is connected to the friction rollers by a torque multiplying chain drive. The DC motor is coupled
to a brake which locks the motor, keeping the fabric stationary while cutting. The microcontroller
determines the duration for which the motor must be on, controlling the cut length.
The friction rollers are made by sticking rubber friction material on pinch rollers. The friction material
can be changed as it wears out with usage.

5.2.2.3 Sensors

The sensors form the most important part of the cutting machine. They are used to find defects in the
fabric. The sensor consists of sets of optical transmitter and receiver.

The transmitter consists of white light emitting diodes. The transmitters are spaced equally and
spread to a length of 1500 mm. The transmitter is connected to the power supply.
The receiver consists of light emitting diodes. They are spaced equally and spread over a length of
1500mm. The receiver is connected to the microcontroller.

The receiver records a defect when light from the transmitter falls on its surface. The information is
relayed to the microcontroller immediately.

5.2.2.4 Auto cutting

The fabric has to be cut by a heating element so that the ends can be sealed. The heating element is
allowed to move up and down with the help of a rack and pinion mechanism. The rack is connected to
the heating element and the rotation of the pinion induces motion in it. The pinion is connected to a
servo motor, which is controlled by the microcontroller. The microcontroller instructs the motor to
rotate and lower the heating element when the friction rollers are stationary, therefore cutting the
fabric of required cut length.

5.2.2.5 Synchronized sorting

The cut pieces are sorted into good and defective pieces by the synchronized sorting mechanism. The
sorting arm is an electronic linear actuator. It is free to slide on the slider when it receives the input
from the microcontroller. After the fabric is cut, the microcontroller informs the sorter arm the
direction in which it should move to sort the cut piece. The sorter arm moves in the specified direction,
sorting the cut piece into good and defective fabric.
The cutting machine is modeled in Solid Edge as shown in the Fig 2.
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Fig. 2: The cutting machine modeled in Solid Edge.

Fig. 3: Images of some important features in the designed cutting machine (a) Figure shows the sensors
and cutting element, (b) Figure shows the sorting mechanism on the cutting machine.

5.3 Phase II – Cutting Machine Implementation and Analysis

This phase deals with the implementation of the sensors on the existing cutting machine. The sensors
are housed in a wooden casing and placed in the cutting machine. The fabric is allowed to pass
through the casing for the sensing operation. The implemented sensor module is as shown in fig 4.

Fig. 4: Implemented sensor modules. (a) LDR Receiver (b) LED transmitters.
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The sensor module was tested in Buildmet Fibers. The experiment was carried on for a period of 4
weeks.

The experiment was conducted under the following conditions

 Fabric with a weight of 90 grams per square meter was used.

 The sensor module was placed in a room with no direct sunlight.

 The sensor module was fit with a battery backup, to keep the microcontroller switched on
during power failure.

 The sensor module was connected to a computer, which displayed and stored the information
regarding the number of good pieces and defective pieces.

The results obtained from the implementation of the sensor is as shown in Tab. 4 and Tab. 5

Date Roll length (m) Cut length
(m)

Number of
good
pieces

Number of
defective

pieces

% defects

20-May-10 4.77 1450 232 58 25.0
21-May-10 1.97 401 173 31 17.9
22-May-10 2.77 1025 291 52 17.9
23-May-10 2.77 875 262 38 14.5
24-May-10 4.77 1287 240 30 12.5
25-May-10 0.97 225 200 23 11.5
26-May-10 2.77 886 290 30 10.3
27-May-10 1.27 142 104 8 7.7
28-May-10 4.77 534 102 10 9.8
29-May-10 1.82 1001 505 45 8.9
30-May-10 0.97 208 200 15 7.5
31-May-10 0.97 875 785 70 8.9
01-Jun-10 1.97 1060 489 30 6.1
02-Jun-10 1.02 408 375 25 6.7
03-Jun-10 1.5 412 255 20 7.8
04-Jun-10 0.97 194 191 10 5.2
05-Jun-10 1.12 481 401 29 7.2
06-Jun-10 0.97 483 476 22 4.6
07-Jun-10 0.95 3932 3959 180 4.5
08-Jun-10 1.12 481 415 15 3.6
09-Jun-10 1.5 906 580 24 4.1
10-Jun-10 1.5 382 235 20 8.5
11-Jun-10 1.5 444 273 23 8.4
12-Jun-10 0.97 719 684 58 8.5
13-Jun-10 1.5 417 269 9 3.3
14-Jun-10 0.97 351 350 12 3.4
15-Jun-10 1.02 250 246 0 0.0
16-Jun-10 1.82 245 135 0 0.0
17-Jun-10 1.22 618 500 8 1.6
18-Jun-10 1.19 671 562 2 0.4
19-Jun-10 1.02 208 204 0 0.0

Tab. 4: Cut piece rejection after implementation of sensors.



Computer-Aided Design & Applications, PACE (1), 2011, 15-30
© 2011 CAD Solutions, LLC, http://www.cadanda.com

28

Date Bags rejections

20-May-10 16
21-May-10 14
22-May-10 15
23-May-10 10
24-May-10 10
25-May-10 8
26-May-10 7
27-May-10 2
28-May-10 1
29-May-10 7
30-May-10 0
31-May-10 15
01-Jun-10 7
02-Jun-10 4
03-Jun-10 3
04-Jun-10 0
05-Jun-10 7
06-Jun-10 5
07-Jun-10 11
08-Jun-10 3
09-Jun-10 5
10-Jun-10 6
11-Jun-10 7
12-Jun-10 11
13-Jun-10 1
14-Jun-10 4
15-Jun-10 0
16-Jun-10 0
17-Jun-10 2
18-Jun-10 0
19-Jun-10 0

Tab. 5: Number of bags rejected after implementation of sensors.

5.4 Financial Impact after implementation of Sensors in the Cutting Machine

The financial impact after implementation of sensors in the cutting machine is as follows:

 Operator cost: One operator is required to operate two cutting machine. The operator is paid
INR 3000 to operate two machines. The contribution of the operator to the machine is INR
1500.

 The average price for each cut piece is INR 92. For each cut piece that is rejected, a loss of INR
92 is incurred.

 Waste cut pieces are sold at INR 12 per piece.

 The loss corresponding to the cut pieces is calculated by subtracting the profit from selling
the cut pieces from the loss incurred by the wasted cut pieces.

 Each bag is sold at a price of INR 184. A loss of INR 184 is incurred for every bag that is
rejected.

 The total loss is calculated by the adding the losses from the wasted cut pieces and rejected
bags.

The financial impact of the cutting machine after implementation of sensors is as shown in Tab. 6
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Number
of waste
pieces
after

recovery

Loss due
to waste
cut piece

Profit
from

selling
waste cut

piece

Total loss
corresponding
to waste cut

piece
(Rupees)

Number
of

rejected
bags

Loss
corresponding

to rejected
bags

(Rupees)

Total
loss

(Rupees)

8 736 96 640 16 2944 3584
10 920 120 800 14 2576 3376
9 828 108 720 15 2760 3480
13 1196 156 1040 10 1840 2880
5 460 60 400 10 1840 2240
7 644 84 560 8 1472 2032
8 736 96 640 7 1196 1836
4 368 48 320 2 423.2 743.2
6 552 72 480 1 128.8 608.8
9 828 108 720 7 1288 2008
2 184 24 160 0 0 160
14 1288 168 1120 15 2760 3880
7 644 84 560 7 1288 1848
12 1104 144 960 4 736 1696
6 552 72 480 3 552 1032
9 828 108 720 0 73.6 793.6
14 1288 168 1120 7 1288 2408
11 1012 132 880 5 920 1800
37 3404 444 2960 11 2060.8 5020.8
10 920 120 800 3 552 1352
11 1012 132 880 5 920 1800
9 828 108 720 6 1104 1824
8 736 96 640 7 1288 1928
21 1932 252 1680 11 2024 3704
7 644 84 560 1 184 744
9 828 108 720 4 736 1456
0 0 0 0 0 0 0
0 0 0 0 0 0 0
6 552 72 480 2 368 848
2 184 24 160 0 0 160
0 0 0 0 0 0 0

Total 55242.4

Tab. 6: Financial impact after installation of sensors.

The total loss due to the defective fabric and rejected bags, including the labor cost, is estimated to be
INR 56742.4.

The financial advantage obtained by implementing only sensors in the cutting machine is estimated
as INR 18459 per month. If the complete cutting machine is implemented the power consumption will
reduce, increasing the financial gain.

5.5 Result analysis

The results from the experiment can be explained as follows
 The first three days recorded greater number of defects than usual. This can be attributed to

the fact that the sensor module is more sensitive and accurate when compared to the earlier
scenario.

 The numbers of defective pieces reduce over the period of 2 weeks. This is attributed to the
fact that the management has information regarding the number of defects and its financial
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impact. The number of defects is so high and a review regarding the same is conducted. Effort
is made to reduce the weaving defects by maintaining the looms and providing incentives to
efficient loom operators.

 The number of defects becomes zero at certain stages of the experiment. This represents the
minimum number of defects that will be encountered in the manufacturing process if the
looms work at a very high efficiency. This condition will not be satisfied always due to the
inherent defects in the manufacturing process.

 Recovery of rejected pieces increases. The sensors help in easy detection of defect. Hence the
rejected fabric can be easily checked if it can be used for another order at a faster rate,
increasing productivity.

6 CONCLUSION

The results obtained after the implementation of sensors in the cutting machine clearly indicate the
reduction in the rejections, thus proving the designed cutting machine has overcome the inefficiencies
of the currently existing cutting machine. The financial advantage gained by the industry in focus is a
clear example of the how the industry will benefit with the implementation of the designed cutting
machine.

7 FUTURE WORK

The cutting machine could not be implemented completely due to time constrains. In future the
following issues will be addressed and implemented

 The whole cutting machine will be assembled and tested in the facility. It will incorporate
features like auto feed, auto cutting and synchronized sorting.

 Currently the machine is capable of handling only one layer of fabric at a time. Special
modifications will be made in the machine to handle double layer fabric.

 Special cuts are required in the case of certain orders. The cuts may be placed at strategic
locations on the fabric. Special cutting facility will be provided on the same cutting machine to
incorporate the same.

 Smart sensors will be incorporated in the cutting machine, which will instruct the special cut
to take place only if the piece is not defective.
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