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Abstract :

The raw jute plays an important role in the socio-economic and ecological settings in India. Due to

biodegradable nature the natural fiber has a contribution to the environment and it is also the friend
of soil and water. It has having a unique characteristic of absorbing atmospheric CO2 that is one

major greenhouse gas and exhale 02 more than needed for air purification. The jute fiber helps to

reduce deforestation because the products made from jute can substitute the use of wood. The paper

pulp is also being manufactured by jute and it contributes in restoring forest. The jute is considered

as sustainable as it creates to the environment and recycling in nature. However, beside

environmental benefits, jute is contributing towards the economy of India since a long time.

Since long tile, the Jute Corporation of the India (JCI) had been involved in processing and making

of bales from the raw jute for ease of transportation so that maximum amount ofjute fiber can be

transported to many parts of the country and also to abroad. The processing of raw jute to the bale is

a long method and to perform this operation good quality machine is required. At present the

available machines at different DPC offices of JCI in west Bengal are very old, primitive and

required more time and labour for the making of bales from raw jute. Four to five numbers of steps

with huge efforts are involved in making a complete bale. Hence to overcome these problems, a
combined (mechanical cum hydraulic) operated Bale Press Machine has been developed at CMERI
which is suitable for making of bales from raw jute. The developed machine has been tested

successfully, and it is being installed and comrrrissioned at DPC Katwa (JCI).

Report lssuance Authority : Name . Ashok Kumar Prasad od. b\zo
Forwarded by Group Head: Dr. D. N. Ray, Sr. Pr. Scientist and Head ISEG
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PROJECT COMPLETION/KIAJCLOSED REPORT

i. Project Title: Development of a Modified Version of Press Machine suitable for Bailing raw
Jute

ii. Assisting units/divisions/individuals/external sources

iii. lntroduction :

: Advariced Manufacturing Center
CSIR-CMERI

Jute is an important natural fiber crop in lndia next to cotton. ln trade and industry, jute
crops known as raw jute as their uses are almost same and play an important role in the
country's economy. The raw jute was originally considered as a source of raw material for
packaging industries only. But it has now emerged as a versatile raw material for diverse
field of applications, such as, textile industries, paper industries, building and automotive
industries, use as soil saver, use as decorative and furnishing materials, etc. The raw jute is
bio-degradable in nature and a renewable source, it is considered as an environment
friendly crops and it helps in maintaining the environment and also ecological balance.
Now-a-days, the people of the world are very much worried about the growing
environmental pollution and ecological degradation and they are trying hard to find out a
real solution to mitigate this problem. ln the process, they find out the virtue of the use of
natural fiber like raw jute and as such there is a prospect of the crop in future. Jute as a
natural fiber has some definite inherent advantages. lts silky luster, high tensile strength,
low exhaustibility, considerable heat resistance and long staple length are the qualities thai
cannot be matched by synihetic fiber. Further attraction of Jute lies in its easy availability,
inexhaustible quantity at a comparatively cheaper rate than other materials; it can easily be
blended with other natural and manmade fibers.

Conceived/lnitial/Proposed objectives of the Project .

. Development of Combined Bale Pressing Machine.

. Compact size

. Single stage operation.

. Transportable in nature.

The objectives achieved
Developed a Combined Mechanical cum Hydraulic Jute Bale pressing machine for
packing of raw jute.

Details of the work done
. Basic idea involved, its novelty/uniquenessloutstanding features

) lncorporation of Hydraulic unit for fast pressing and to obtained accurate
bale size within short time.

F Reducing the Machine size to compact.
F The machine can be transported as per the requirement.

. Details of materials (traceability / accuracy):
) The raw materials utilized mostly conform to ISO standard.

. Equipment utilized:
) For the development of the Hydraulic bale press machine the available

existing machining facilities of CSIR- CMERI, was utilized including the CNC
machines for better accuracy and finish & also to reduce the machining time.

Page3of6 , 0
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. Process/technology development details (variability in condition, range/limits) :

F The project leads to the development of a new process and technology for
making the bale by using the raw jute.

. Design and engineering details (including industrial specs of Raw Material and
Equipment):
/ Design and engineering details were considered to obtain better design and

accurate finished product. The raw materials utilized are all of ISO Standard.
For detail, please refer to Annexure-|.

. lnstruments for operating/ realising the technology/process
. One manuals will be prepared for safe operation of the machine.

. Safeguards and precautions
* lndication has already been marked on ihe machine for the safeguard and

precaution while running the machine to prevent any accident to occur.

. Trouble shooting and unusual conditions resolution
. lt will be clearly mentioned in the manual for any type of trouble shooting and

unusual conditions.

. Environmentalconsiderations:
. The environmental condition does not have any effect on the machine.

. Any special requirements (RMS, Equipment, Manpower)

CAD Drawing of Mechanical Type Bale Press

Page ,l of 6

CAD Drawing of Hydraulic Type Bale Press
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vii.

Hydraulically operated Bale Press

. lnstruments for operating/realising the technology/process
)The developed technology/process is human friendly for its operation. One

single acting bi directional valve is fitted to move the piston front and back,
which will be operated by a hand operated lever.

. Safeguards and precautions
The safeguard and precautions for operation of machines before starting the
pressing operation is that all the fasteners must be properly checked, the top
cover must be closed, the piston pressing the raw jute should not cross the
pressing limit line as marked on the machine surface, the finished bale should
be taken out by loosening the bolts and by lowering one side cover towards
ground. The hydraulic pressure should be checked before pressing.

. Trouble shooting and unusual conditions resolution

)The developed prototype is hydraulically operated so it should be trouble free
Jute may stick to the shaft sometime, it should be cleaned regularly and
grease should be applied to the area which is continuously moving. The oil
Ievel of the hydraulic unit should be checked before and after the operation.

. Environmental considerations :

FThe raw jute materials are environmental friendly so, it mixes with the soil
very easi[y so fertility of the soil will be maintained.

. Any special requirements (RMS, Equipment, Manpower).

. References etc

FinancialAspects: -
(a) Amount received from sponsor: -

(if sponsored)
(b) Attached Utilization Certificate as per Standard Format or Annexure-l

Particulars of equipmenUconstruction/building/software/hardware acquired (with cost),
from the project, if any: - Nil

What are the development "outputs" and "outcomes" of the project

A. Contribution to Science

. Write up on the contribution made vis-ir-vis comparative lnternational Position.
a) The literature survey reveals that some'hydraulically operated machines are
available but its orientation is different to some extent.

viii.

1X.
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. Number of publications and patents, copy right and trademarks etc.
b) The publication is under process waiting for its acceptance.

. lmportance of the contribution typically as an input to applied R&D /technology
development, new insight into understanding of a phenomerton etc,

B. Contribution to Economy / Society

. lts application, uses, benefits, advantages, influences:
This is a technological development in the field of bale press making using raw
juie. The raw jute has a very good demand for the handloom products,
packaging purpose and several other purposes. This new development will help
in enhance the production.

. Technical write-up highlighting the uniqueness, novelty, improvement I
advantages/ vis-a vis contemporary S&T and field practices;

o Users, licensees, beneficiaries (direcUindirect) of the development if any and
col la borators, pa rtners, faci I itators of the development

, This new developed technology will be utilized by the JCI for making bale.

. Quantification of benefits to the laboratory.

The laboratory will be benefitted only when the technology will be transferred to
the manufacturer / entrepreneur.

Page 6 of6
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Annexure-[

Force requirement for pressing operation
The maximum force a person can apply to rotate the handle attached with the wheel to move the pressing
head forward to compress the jute fibel is calculated by using the formula as shown in Fig.l. The releyant
data are given in Tablel.
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Tablel: Force calculation data
Sl No. Specification Value
0l J'he corr-rpressir.e lorce to press the larv jute 5 Ton
02 mcan dianrctcr' 6Ontm
03 Pitch of the thlead 9mrl
04 Gear Ratio 0.85
05 Type ofthread Tlapezoidal
06 Pressure angle 14.5',',

Baseci olt the ilbove data. the required force exefieci by one person is 190.6 N. Consicleting trvo workers to
rotate the handle to move the pressing head fonvard along rvith the power scrcw'. total recluircd lorcc is
required is 381 N and it was found that this lorce is enough to rotate the hanclle easily to lt.love the prcssing
hcad fbr prcssing of rar,v iute to make a bale.

Selection of IIuman IIand Pressing Capabilities
Fig.2 shor'vs the typical strength of hr.rman in respect of force exerted by anl, hand ancl tirumb/finger. From
tlie figr"rre it is fourrd tl-rat the force applicd by hands in upr,vard and clo."r,nrvard clircction varics. The right
hand usually exerts a fbrce of 62 Lo 101 N in uprvard direction and 75 to 116 N in downwarcl direction
respectirrely. Sirttilar case is rvith left hand also. Thus it may be stated that thc selectecl force rvill be
sr-rfficient fbr trvo workers together to rotate the handle rvith ease and this rotational movement lvill be
enough to cotlvert forrvard or backward n.rovcment of the lead screrv u,hich rl,ill be utilized to corr-rpress the
jute liber to a jute bale as a finished product.

Fig.1 Standard table for the calculation of force for compressing
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Fig.2 Arm, Hand and Thumb/Finger strength (5'h percentile Male data)s

Design and Anal-vsis
Design

Based on the conceptual design. 3D CAD Model was developed of the whole machine as shor,vn in Fig.3a
and in this case, lve have selected the power screw (Fig. 3b) as presslrre exerling tools or load bearing pafi.
Thus, it may be c,onsidercd as the nrain critical parts of the lvhole machine. The design calculation u,as
carried out and analysis of power screrv h;rs been performed to find out the strength of the seiected mernber.
The design analysis was carried out in three steps: first modelling of the critical part, then the pre processir.rg

and finally the analysis of the developed component. In orcler to research the design, the belongings of
substances have been iutcgratccl confon.ning to Indian Standard, into the version together r,vith the forces,
pressure and strain. After completion of this process, the developed model is divided into a large nurlber of
interconnect elements u,hich rcsults in an appropriate rleshing and each member of the eletlent shor,vs its
individual rlechanical and rnaterial properlies. The resulting data thus obtain r'vas used to predict the resultant
cffect of the forces at lreticLrlolrs point on the rnodel principally the load bearing area like joints etc.

Fig.3 3D CAD Model: a) developed prototype b) Lead screw or power screw

Analysis of the elements:

The analysis of the critical members is very imporlant to check whether the selected element fails during
actual working condition when the required load is applied. Design analysis was carried out by applying the
verlical loads to check whether the selected elements have the tendency to bend when the force is applied
during actual working conditions. As mentioned earlier that the compressive force to press the raw jute is
approximated as 5 kN, by taking factor of safety equals to 1.5, net load of 6.5 Ton or 64.765 kN was
considered in this study. The results of the analysis show that the size of the power screw selected is enough
to take the load without producing any deformation during the repetitive process of operation of the
prototype.

Design of Power Screw:

Power screws, which might be additionally called lead screws, are used to transform rotary movement into
linearmotion as shown in Fig. 4 (a-c). With accurately sized threads, they are capable forhugemechanical
advantage and can raise or inove huge loads. In this study, we have selected the square thread, having mean
diameter d*: 60, as it is having the maximum strength. The standard pitch length was chosen as 9 mm for

A+/*""*a
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ollr pLlrpose. It has been selected considering the anror-rr.rt of pressr:re u,ill be applied on tlre arm. If the pitch
lengtl, is hrglier. one illts to apply uuch tnorc lbrcc fbr cach rcr,olution. rvhile tlie totai numberr of revolutions
is kept less to reduce the operation tir.ne; if the number of revolutions is nrore than the workers experiences
fatigue more frequently. Thc lorce required to compress by using square threacl is sirlilar to lifting a weight
against wedge. The ulean diameter and force acting planc has shown in Fig.4d; selectecl square tl-,..u6 Jra
force atlalysis at the itlterface ola lead screrv and nut lvhilc lifting and lor.r,ering a loacl has depicted in Fig.4e
and 4f lespectively.

Fig.4 Power screw details6: a, b, c - Power screw and its application in a screw jack; d - mean dlameterwithforce
acting plane; e - square thread; f - force analysis in Iifting and lowering a load

Goveming ecluation fbr the ibrce required, s

o F(l -;rfil ,,, )

-.1 atLttn tt 
-----------(i)

Where . F: Collrpressive fbrce, /': Friction Co-efflcicnt, r{,, ,- N4can cliameter. /: leaci :1.p
n : No of thrcacl stilrt, p ,= pitch of thread

Nor'r' when a collar is attached with the sclew to take the axial load, it u,ill gcnerate frictional
moment. So, the torciue required to rotate the handle is given bye-r0

.l .t
To : P'::L - Ff !1- + M''22

Nm ------(ii)
Where r{. : ntean collar clianteter - 70 lnur, and ,4d, : other rnolneuts due to bearing, where the yalue is Mo :
20.6 Nm as pcr SKIr bea-ring data10.
In this stud,v, SKF 33033 bearing was considered rvhich can withstarrd a standard radial loarl of 1.1 kN and
arial thrr"rst of 68.67 kN, r/.:70 nrn, N't":20.6 Nrn. I71 rlust be overcome by the -uvorkers utilizing theirarms
r'vith rotatiollal uovetrent. Following data has becn considerccl as: F: 6.5 Tonne, Ann lcngth : lm and
assuming that 2 nos. of labors is r'vorking simultaneously. The calculations are depicted in Table 2.

Table 2: Calculation of force exerted by tr,r,o labor.s

J*.J*r;
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sl.
No.

-E. cor-r'rplessive

folce (Ton)
Mean Dia, r/,,,

(mrn)
Pitch length

(n.urr)
Am length, /

(m)
Thrcacl anglc

(cles')
Forcc pcr

person in Kqf
I 1.0 60 9 1 ,+.5 21.98

2 6.5 60 9 I 4.5 20.41

J 6.0 60 o
1 4.5 18.84

4 5.5 60 9 1 4.5 11.27

5 5.0 60 9 I 4.5 15.70

From thc Table 2 as \ rell as from the literature surveytr it is very much clear that a rnan can exefi anupward
force of 62 N to 107 N and downrvard force of 75N to 116N. Hence the cornbined effect these forces are 21.98
or 22 I(gf - 215.82 N, this is the maximum amount of force exerted by a w.orkerby hand movemeut. It is
assurned from the above calcnlation that an Indian labour is having the capabrlity to exert this amount of force
to operate any hand rotating machine, under this rnaxirluur loading condition.
Stress anal"vsis of critical part (Lead screrv)

The complctc bale press machine was developed with the main structural parts, few angles, channels ctc. and
power scre\'v to compress the entire jr"rte to make bales. Thus, this power screw or lead screrv r,vas considered
as the rnain critical component of the entire machine. Stress analysis was done in this critical part.

Follorvin-e are the observationse :

o The body of the screw will be subjected to torque Tp rvhich rvill resr-rlt in trvisting ol screrv as follows:

. - '61'
' ----(ilr)

o In addition to this, the screw rvil1 be subjected to the compressive force along the central axis as follows:
1r'

6 =--. _-t::d ______t iv)
o Thc bcaring stress lvill be developed in thread-nut areas to act at the base olthe thread:

)l:o, - ,nr, /r 77 ----(v) where, n,: No olthread engaged with the nut.
It rvas found from the expcrimcnt, that thc l" thrcad takcs 38% of thctotal loac1, fol1owing25Yo, l8%by
the 2nd and 3rd respectively. The 6th and 7th thread relnains stress liee. Hence

2 x 0.38F
oa= - _;(0 , p ________ 

1r.i t

As the l" thread is taking maxirlurn load, hence during our analysis r,ve have considered the maximum
loading condition of thc 1" thread. By thc application of the stress during expcrin'rcrit it has bccn observed
that by the application of this arnount of load, the 1't thread remains safe and there is no sign of any bending
throughout the thread lcngth. The thrcad is also subjected to bending stress at thc root of the thread, r'vhich is

6F 6 x 0.38F
o,

givcrr by r'l tt lt tJ p -------1r ii)
This is the most si-{nificant force among all the other forces acting on the screrv thread, lvhere the chances of
failure is maximurl as the tread acts like a cantilever beam.The transverse shear stress at the center of the

(, = :O
thread root is given by the fonnula: ftLt,.nip -------- (viii)
Considering all the stresses acting on the thread, the stress was calculated using Von Mises failure criteria
and the Maximum Shear Stress criteria (MSS) to ascertain whether the selected screw thread r,vas safe or not.

Tlre nraximum Von Mises stress 
o o 

"nfo, 
a triaxial state of stress can be given by

ll., ,2 .2 . .2ro"., =.,/;[(o, -6.)- +(o-" -o-r)'+1o., -o, )-j' \t ________(ix)
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Here o, : o. and 6: : oo aud o-.: 0 ancl in orcler to find the MSS, it is reqr-rired to flnd olrt the principal stress.

, :9)- s-!
'rrax 2 --- (x), where o, ancl o., are principal stresses. After getting the ? T,,,., 

and the t o",, 
uul,-,ar, ,,

suitable was selected in such a way that thc material is safe.
The theoretical calculations are as follor,vs:
Intlrisstudy,r{,,:60,.f:0.15,d,-(60-912):55.5mm,F:6.5Ton:(6.5x9.8)kN:63.765kN

E3"TSSH EE;a; 11+ rd;i D.1b.'{ EDj {'3"765X 6Blt (1+ n-{ D"1E X tDJ

Using eq. (ii). TR: 2 fr:'\oti-r15xi'i

MPa; eq. (iv), o. : - 26.351 MPa

eq. (vii), or:92.64 MPa; eq. (viii), r r,:46.1

MPa (taking F-0.38F and r,:1)

,, GoFinally. * ''.n rvas calcrrl:rted

695.'/34 Nm; eq. (iii), r' :20.12r fd{ 6G-0.1e }: }}

$-'! raJO.d Bi.ltr} .d IUUU 3.{ U.3E-A 53,7b5.4 1ECS
- 

.{J {_ YLt,l :46.L
z.{ 55.5.t lX * :r X 55,5.{ 1Ji I

the principle stresses theory it can be derived as

-l(1q:

-l

Z- 11.37 MPa and -31 .13 MPa respectively.
As per MSS theory at the root of the threacl,

i9:-b-1-i-3?,73J_] i'92.8r-i-37.13i-}
T,,,"* : r : r :65.185 

MPa (Maximunr shear stress). This is the rnaximun.r
value of stress developcd at the root of the tlrread and fiorn tlie standard valuc it is obserued that rvithin this
value it is safe (Lead screw). The finite element analysis of the lead screw was also done. The nraterial lor
the lead screu, considercd as En2-1 u,'ith rraterials propertics as Tensile strength: 850-1000 MPa. Yicld

strengtlr: 650 MPa. {,,,"*:650/2-325 NiPa. So Factor of safety -- 325165.185-5.0. Thus it is quite safe.

Results and discussion
Developrnent and rvorking of the prototl,pe
The complete rvorking prototype rvas developed at or-u'Institute based on the cited design analysis and design
spcciiications, as shorvn in Frg.5a. The vertical support of the machine structure is hingcd u,ith the basc, so
that it can be completely folded clorvnu,ard to release the final bale. The pressing head rvas made with special
uut attd czrstecl brackct attached to leacl scrcu, u,ith cylindrical bearings. Thc length of the lcad screrv is long
around 600 mrn (Fig.5b). The pressing hcad rvill move fbrr,vard and backr,r,ard as per the rotation of lead
screrv by rotating the handle (Fig 5c). A u,ooden box rvas rnade using the rlain structures u,here rarv jnts are
fed for making bales. When the feeding of the rarv jute is completed, then the top covers is closed and locked
with the pin. By the rotation of the handle r'i,ith 2 persons, pressing head u,ill rnove till it reaches the rrar
iitnit as per the attached scale (Fig.5d). After that tying and knotting operation is perfomed by opening the
top cover. Now the jute bale is cornpletely rcady and it rvas taken out fi'om the rrachine by opcning the one
end of tlie side structure of the machine" rvhich is hinged rvith the main structr-rre. The finished bale (Fig. 5e)
is now can be movcd to the stockyard. Thc l-rnite elernent analysis results of the designcd lead screw are
shown in Fig.5f. It gives, von-Moises stress as 4.283x105 N/m2 or 428 MPa, rvhich is much lower than the
yield strength of the lead screw. The final specifications of the developed lvorking prototype are: Overall
dimension: 2000 x1300 x1625 mm (lxhxh); Capacity: 16 bales in eight hours (max.); Weight of the
finished bale: 150 kg; Dinrension of the tinished bale: 1200x700x450 mm; Manporver required: 02 nos.;
Time to make a bale: max 30 rnins.
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Fig.5; a - Working prototype; b - Lead screw manufacturing; c - working of pressing head;
d - Pressing of raw jute; e - finished bale; f - analysis of lead screw
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