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Abstract— In this paper we have considered a project based
on design, development and testing of ‘Sachet Packaging
Machine’. Now a day’s automation plays a key role in the
packaging industries. As maximum quantity in minimum
possible time with the best quality is the key to success the
packaging industry is undergoing a phase change, Machines
used currently in the industries are widely are mostly
automated used instead of packaging with human efforts. The
sachet packaging machine in this project is mostly used
machine for small size products. This sachet packaging
machine is widely used in food industry and cement industry.
In the said project we are going to manufacture parts included
in the machine. We are also looking forward in providing
some modification in the machine to increase the production
rate, decrease the weight and replacing complex parts with
simple ones.
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I. INTRODUCTION

One of the marketing tools that have become popular and
important is packaging and packaging design which allows
companies to be different from each other and to have more
priorities among competitors. This has become a reason why
nowadays there_is a big variety of design packages on the
supermarkets’ shelves. Packaging plays a vital role in
protecting products as they go from the manufacturer to the
consumer. Packaging is designed to ensure that the product
reaches the consumer in good condition. It preserves the
product in pristine and acceptable condition throughout its
intended shelf-life and period of usage after the package has
been opened. The product is protected during transport and
distribution; from climatic effects (heat and cold, moisture,
vapor, drying atmospheres); from hazardous substances and
contaminants; from infestation. Automatic control of the
packaging system can greatly improve production efficiency
and product quality, significant elimination of packaging and
printing processes and as a result the ones created by labeling
errors, effectively reducing the labor intensity and reduce
energy and resource consumption. Design and installation of
automatic packaging systems, in terms of improving product
quality and production efficiency, or for elimination of
processing errors and reduce labor intensity, have shown a
very significant role. Particularly for food, beverage,
pharmaceuticals, electronics and other industries, this is
essential.

Il. CONSTRUCTION

Hub Electric motor of capacity 1/2 Hp is fixed to the frame
and it is coupled to the bevel gear box transmitting power in
90° angle. The gearbox and main transmitting shaft is
connected through chain and sprocket mechanism. The shaft
is mounted with the help of roller bearings. There is sprocket
and couple of cams mounted on the main transmitting shaft
for further power transmission. The bigger cam transmits

motion to follower and activates movement of Vertical sealer
and cam with smaller circumference activates horizontal
sealer through second follower. The sprocket on the
transmitting shaft is connected to rollers through another
chain-sprocket mechanism. These rollers pull the plastic raw
material towards the horizontal and vertical sealer.

I1l. WORKING

1) The pouch filling and sealing machine installs at
ventilated and dry place i.e. full of sunshine. Keep it on
a stable ground. This automatic filling machine is about
four feet.

2) Before starting the machine it should made sure that tube
which we fill is clean .This can be done by letting the
liquid washout for 5-10 minutes and led this water to
sewer.

3) The plastic roll inserts to the wheel by cutting it a V-
section, and adjusts the central line. Then pass it over
buckle shaped utensil to make sure the strip’s symmetry.
Later pass it over the rubber wheels and start the
machine, after which the plastic roll slides with
automatically.

4) The vertical hot seal temperature has to be between 120-
150°C and the horizontal seal temperature has to be
between 180-240°C (No more than260°C, or the head of
hot seal film is easy to damage) , the exact temperature
will be adjusted according to the film material and
thickness. It can start to fill after pre-heat 20 minutes and
then it can produce continuously as long as the power is
not off. Dimmers are used to adjust the temperature.
There are separate dimmer for both the horizontal and
vertical seal.

5) Two pair of rubber wheels is used to pull the plastic roll.
These rollers are rotated by chain drive which is
connected to the rotating shaft.

6) The sachet liquid filling machine can get the filling
volume through adjusting the flow control valve which
is connected to the entrance to the winch. Adjusting-in is
reduced flow, adjusting-out is enlarged flow. It is a
magnetic type of flow control valve.

7) Before starting the machine check the electricity supply
and check the specification of the required.

8) The liquid sachet filling machine is ok to press the button
and no need workers when it works.

9) The output will show automatically by the counter. The
film is used up, it Need to stop at once, and change into
another film, then provides liquid and the machine starts.
The sachet packing machine needs to pre-treat and filter
when the solid substances is more in the tube which fill
the liquid.

10) Viscidity is worn, after a period it may loosen the tube to
adjust. The bag filling machine can work after screwing
down. (It is useless to adjust when it is worn completely).
The liquid in the tube cannot be more than 0.5meters to
insure the precision. The bag filling machines cannot be
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close when the machine starts, and when it has control
valve in the liquid pipe.

11) Inspect the vertical and horizontal seal copper cake in a
certain time, and clean up the sundries. Or the small bag
filling machine will affect the hot sealing. The bag filling
and sealing machine cannot be cleaned with metal tool
and sand paper, or it will damage the surface and cannot
work. The bag filling machinery should be cleaned with
cloth or wooden organic solvent after the temperature is
down, and clean up the sundries.

12) The bag packing machine should rub methyl silicone oil
on the vertical and horizontal seal cloth with a certain
time, in order to prolong the life of no viscidity cloth and
increase the hot sealing.

13) When it appears non-well seal, one sack connects
another sack, leakage etc. it forbids pick it up with hands
and kinds of tools. The liquid filling machinery should
be stopped at once.

14) The automatic bag filling machines is the best condition
of all the programmed and dimension before delivery. If
it needs experienced technician to maintenance, and
write down the dimension, then it can take down.

A. Machine Specification:

Sr. Name of the Dimension Specification
Part
No.
370watt, 0.5HP,
i Mator - 1425 RPM
Pulley (on
2 the motor) @63.5mm 15mm Groove
3 Pulley(ER 101.6 mm 15mm Groove
gear box)
4 Belt Drive 300mm long V belt
Gear ratio 20:1 (
i Gear Box - Bevel Gear)
6 . 10mmx180mm
(bigger) -
7 Cam 16mmx96mm
(smaller) -

Table 3.1: Specifications of Sachet Packaging Machine

IV. DESIGN CALCULATION OF MACHINE ELEMENTS FOR
IMPROVED PERFORMANCE

Production Rate:

The current production rate of sachet packaging
machine is 47 sachet/min. As this rate of production is low
for mass production of sachets. To increase the production
rate of sachet packaging machine we have designed machine
parts for higher rate of production. Therefore the machine
parts which can sustain this higher production rate are
designed as following. For increasing the production rate the
rpm of shaft needs to be increased. So as to sustain that high
rpm and transmission of high rpm, machine parts are
designed accordingly.

Specifications of motor:

Power output =1/2 HP= 370W = 0.370KW
Rpm= 1425 rpm

Default

Motor pulley = 2.5"

Gear pulley = 4"

Speed of motor to shaft:-
Nmotor - Dgear

Ngear Dmotor
1425 _25

Ngear 2.5

Ngeqr =1425 rpm

Speed of gearbox to shaft
20 _ 1425

1 Nshaft

Ngpare = (1.25 rpm

[Sprocket 20 teeth for both gear output and shaft input. Thus
the Rpm will remain same.]

We have to select a belt for belt drive which is from
motor pulley to the gearbox pulley. So we to select V-belt
from manufacturers catalog. For selection of proper belt for
given application the following information is required.
Power to be transmitted;

Input and output speeds;

Center distance depending upon availability of space.
Total power to be transmitted =370 W
Correction factor = 1.2

Design power = P x F,

=370x 1.2

=444 W

=0.4 KW

From Design power, ‘A’ type Belt is selected
For ‘A’ cross-section,

Pitch width = 11mm

Nominal top width=12.5mm

Nominal height= 9mm

Center Distance = 280 mm

Pitch Length = L,

n(D+d)

_
LPZZC-I-T‘FM

4C

For 2.5"<2.5"

Lp =2(280) +
127

=560 +m (T)
=759.49

=760 mm

For G-3" & M-2.5"

n(2.5”2+2.51r) 10

_ m(76.2+63.5)  (76.2—63.5)2
Lp =2x(280) + 2 2(280)
=560 + 219.440 + 0.14400
=779.58mm
=780 mm
750mm
[m E C D m
B4 [24]
100mm 116mm 343.5mm 190.5mm

Fig. 1: Shaft Arrangement
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Syt = 540N/mm?

Syt = 841N/mm?

k, =15

k=1

By A.S.M.E code,

Tper = 0.3 X S, = 0.3 X540

=162 N/mm?

Tper = 0.18 x S, = 0.18 x 841

=151.38 N/mm?

Take minimum,

Tper = 151.38 N/mm?

Force by chain and sprocket on the shaft

9550 Xkyy XF
Force = ——*—
N xR

F = load connection factor for single chain drive
f=1.

N = Rpm

R = Radius in meter.

k,, = Power

Load = 2550x037285x1
oad = x0.040589

3560.7175
72X0.0202945

=2436.838 N

Reaction calculation;

Vertical force Analysis

YF,= Ryy + Rpy = 14.9061~ 25.1050 —2436.838sin (45)
=Ry, + Ry —1763.115

Ruy + Rpy =1763.115 N

Taking moment about point A

XMy=

0 = 14.9061 x 216 + (25.1050 x 559.5)+(2436.838 x100)

— Rgy x 750

Ry % 750 = 17265.96 +243683.8

Rpy =347.933 N

R,y =1415.182N

Calculating Bending Moment

Bending momentat A=0

Bending moment at D

=1415.182 x559.5 - 149061 x 343.5 -(2456.838 x
459.5)

=791794.329 - 5120.245 - 1119727.061

= —333052.975 N-mm

Bending moment at E

=1415.182 x 100

= 1415182 N-mm

Bending moment at C

=1415.182 x 216 - 2436.838 x 116

=23.006 x 10® N-mm

Bending moment at B = 0

11518 x 67 -t

21006 LO*N-ram

-333.952 X 1 Narm

100 1zien 3031 LUt

- re > Ll *

Fig. 2: Bending Moment of Vertical Forces
Horizontal force analysis
YF, =0=Ryy + Rgy—1723.1046
Ruy + Rpy=1723.1046 N
Taking moment about A
xMu=0
=1723.1046 x 100 - (Rgy X750)
=172310.46 —Rpy %750

172310.46
R =
BH 750

=229.7472 N

Ry =229.7472 N

Rag =1493.35N

B.M at points

BMatA=0

BMatB=0

B.M at E = 1493.35x100

= 149.335 x103 N-mm

B.M at C =1493.35 x 216 -2436.838co0s (45) x116
=122.685 N-mm

B.M at D = 1493.35x 559.5—2436.838 cos (45) x459.5— 0
=32.967 x10° N

149.335% 103N-mm

122.685% 10°N-mm

32.967% 10%N-mm

A E C D B
343.5mm 190.5mm
|

Fig. 3: Bending Moment of Horizontal Forces
Net bending moment
At A=0N-mm
At B =0 N-mm
AtE =,/(141.5182x103)2 + (149.335%x103)2
=205.7385 x103 N-mm
At C =./(23.006x103)2 + (122.685x103)?
=124.823 x103 N-mm
AtD =,/(—333.052x103)? + (32.967x103)2
=334.679 x103N-mm
Maximum value at B.M
=334.679 x10% N-mm
By A.S.M.E
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1”_6 xd? XT,6, =[(kyM)? + (k,T)2
1”—6><d3><151.38
=/(1.5%334.679x103)? + (1x49.45x10%)2

=/(2.520225743x10'%) + (2445302500)
=504448.0913

29.72339 xd3 = 504448.0913

d® =16971.4165

d =25.6983mm

Cam (Peripheral Arc Length) Calculations:

The Heating of Vertical and horizontal sealer is
depended on rotation on shaft and cam. As cam rotates
sensors triggers the input to the vertical and horizontal sealer.
The triggering of proximity sensor is controlled by a metallic
strip connected to circumferential arc of cam. So for higher
no. of sachets, more heat is required to seal the sachets.
Accordingly the metallic strip is designed as follows,

45 3

— ==plsec
@

— =1 plsec
60

Fig. 4: Cam
Total length of arc = 2z (120/360) x X

140 = 27 (120) —

360
_ 140 X360

120°>< TTX2
X=67
%p/sec - 66
1 p/sec -X
X = 663><4 - 880
Length of arc = 2m r x S

88 360
= 2m(120)x =

=186 mm
Bearing Calculations:

. 63000 XHP XF
Radial load = ————
N xR

HP = Horse power
F = load correction factor
N = RPM of shaft
R = Drive radius in inches

. 63000 X0.5 X1
Radial load = —————
63 X0.59055

= 3766.1313 Newton
~ E.=3766
F,=0
d=30 mm
~Type = Single row deep groove Ball bearing
Since F, =0

Ibs

P = F, = 3766.1313
_ 60nLygh
Lo =0
_ 60 (63)(10000)
==
= 37.8 million rev.

1
C=P(Lyo)?

1

= 3766.133 (37.8)3

=12639.39 N
For 15mm bore diameter following bearings are available
No. 61806 (c = 3120)
No. 16006 (c = 11200)
No. 6006 (c=13300)
No. 6206 (c=19500)

=~ The bearing No. 6006 is selected.

V. FAILURE MODE EFFECT ANALYSIS:

A. Process Failure Mode Effects Analysis (PFMEA):

A process failure mode effects analysis (PFMEA) is a
structured analytical tool used by an organization business
unit, or cross functional team to identify and evaluate the
potential failure of process.

PFMEA
Action Result
s Potential Potential 9
Sr Process Potential Effect(s) of Cause(s)/ ® | g o]
No Function Failure Mode ” Mechanism(s) a
Failure 5
of Failure | \ZS NG| S2s Z
a |8
o
Turning of Leaking Ro;lg: finish
roll — andedgeson |7 |4 12 |56
= roll holder
moisture in air
ne gpeel Damage to and
1 P lastxcnsmp Smuckoll plastic manufacturing SRR
o defect
Folding of " g
plastic while Smd(. DFSIgIF — 3|53 [F45
& g process of rolling part
Timing
Delayed Improper ;
fimid sk Bifiog nusmaltch'of €| 5|3 (k38
taeforring fuel valve
liquid from | Stopped fuel blockage in
2 | Tankto filling sl Empty tubes i 6 | 5| 2 [N
point
) | Small diameter
Slow supply | Empty tubes of supply line S |8 2 (&S50
i Failure of
Flg:;i;xre ]g:gzﬂir proximity 5 12| 3 [&8
3 | Liquid filling Fsins‘" .
- ailure o!
Fl]l::gt vl;ss mp K;P:,r proximity 5 |[72 | 8 [Sabi
SR iRy sensor
Pulling of tube Sh}:fél; f of Stopped Wear of roller
4 downward i moment of : ; 5 |4 | 6 [F120
with Roller rollers plastic tubes £ap:

B. Design Failure Mode Effect Analysis (DFMEA):

A Design FMEA identifies potential failure modes, effects,
and causes that may prevent a new design from meeting all of
its design objectives and which analyses the product design
characteristics relative to their intended function to ensure
that the resultant product meets customer needs and
expectations.
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Action Results

Sr Potential Potential Potential
I:Io ltem Function Failure Effects or | Causes of
Mode Failure Failure w2 g
Action 2|E|B| &
g(5(8
Taken B g8 =2
6| s
g
Tmproper Proper
1)Motor installation. | installation,
housing Moisture, foundation,
failure Improper leveling of
Converts maintenee motor
clectrical
“into production| PO ke
2) Mot y ilizer i
It Motor | mechanic aMulor and supply stabilizer in 36
3 winding P fluctuation, | the input to
al G overheatin s % :
failure 3 insulation give regular
enerpy(r  of acaler
L break down supply
otaztional
motion)
3) Motor I\Iuw\m‘"e &' Clean fan &
¢ contaminati motor
Fan Failure
on regularly
: C
Rubbing of heck
1)Belt wear guard
bell gusrd
o clearance
Tnerease in
g frictional
TansIis o
Pulley 5 T -
5 S 2| 3
2 This SE of lmproper 0
i transmissi
po on, Relt
slipping iodi
2)Side wall Misalignme |, Fériodie
Damage il replacement
of belt
1)Micro
pithing on Thi
hin layer . .
gear teeth Iamming of Lhtu}gmg
Sl lubricant,
of lubrication, Pr
% o N sy o roper heat
Reductio 2)Macro geurbox, | overloading e
3 | Gearbox nofl pitting of | Noise and and AT 2| 48
X 3 - Optimizing
speed gearteeth | vibration, | overstressin
: gear root
T.owering | g, Tncorrect
¢ fillet
cfficicney heat el
3)Bending treatment & b4
[atigue
i l.'m"d Breuking Overloading Periodic
pins chain € b
replacement
of chain,
Chain Pro)
e ; 2)lixcessiv Noise Insdequate RReL =
4 | Smocket | cionfrom | SO pollution | Iubrication | ‘oheioning. |
drive gear box L Sprocket
(o shifl repl
3) Chain o Chain 3 .‘mm“
. Vibration idlers
Vibration obstruction
1)Rotation "
-al louds Fre(ling Repelilive Taking
and plane | corrosion loading higher
bending factor of’
safety.
Power Selection of
2 For 'y i
5 Shaft | anSmiss '):‘,'l"’f:m IV:DI-I: _“’f"f material 5 | as
! Sha gD ailure sheaves Stresses \Giih g 2
cams yield
e strength.
5. Developm | Lxceeding ;
3)Tensional 5 k Miintaining
X ent of loading at
Faligue A 4 constant
Failure fatigue yiald speed
i crack strength P
1)Wear of
bearing
Support Tmproper Tearing Proper
shaft isali periodic
Roller smoothe 2) Noise of shaft nl, linproper | mainlenanc
6 | contact n P Noise lubrication, e and 36
4 i 2 creation %
Rearing | -ing of pollution Wrong replacing
shaft T.ower bearing and
rotation Efficicney gelection lubrication
Replacemen
Proximity tof
Vertical sensor and | components
e Improper ¥ g
Sealing and - cam failure | and proper
g 3 heating und | Failure in P 4 A
7 mechan | horizonta o7 2 i and voltage 32
A failure in seuling ?
“1sm 1 sealing ¥ elecironic reguliation
- sealing
ol suchel y component system
failure implement
1)Cam
s Proper
Reciproc Jump; design of
ating | phenomeno cam
e Damaging 3 2
motion to ) T Exceeding | according to
g | Camand | the levers Gl speed limit | the machine 2 | 42
* | Follower and BEOSED Tmproper speed, il | 0
Machine v
Iriggerin 2\ Sliding fail welding Double
anf 2)sliding Lalicts walding af

VI. TEST RESULTS

— Inthe previous design of sachet packaging machine, the
production rate of machine was 2700 sachets/hr.

—  After new design of sachet packaging machine, the rates
of production of sachets are increased.

—  The new production rate of machine is 3600 sachets/hr.

— The percentage increase in production rate by 33.34%.

360072790 %100 = 33.34 %
2700

VII. COSTESTIMATION

Section Cost(INR)
Manufactured Parts 13500
Procured Parts 54900
Assembly Cost 17400
Total Cost 85800

Table 2: Cost Estimation

VIIl. CONCLUSION

The industry is facing the challenges due to lack of regulatory
clarity in packaging, consumer awareness towards
sustainable packaging and stress towards green packaging
materials. The packaging machinery manufacturers and
packaging material producers are integrating their efforts to
meet the future needs of the rapidly developing domestic and
export markets. Demand for packaging is expected to go up
in next four to five years and infrastructure will remain a main
challenge for the industry in India. Packaging is the brand
concept, product features, a comprehensive reflection of
consumer psychology, it has a direct impact on consumer
purchases, consumer products and packaging is to establish a
powerful means of affinity.

The automatic packing of different sized products
such as milk, water, Pepsi cola, and etc. It has been
progressed towards the faster production rate which was our
main proposed objectives. Visual communication in the study
of visual processes in people's visual perception of design
information flow process, it is built on people's mental and
physical habits based on the cognitive model. Also required
modifications are provided in machines which provide
convenience and increase in demand for future works. Even
increase in the efficiency will lead to more demand in market
and market value. Here we conclude as per consumer
requirement and also according to norms required
modifications have been achieved.

The production rate of sachet packaging machine is
increased up to 3600 sachets/hr. which is by 33.34
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