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Abstract

The Assembly plant #1 at Hyundai Motors India Limited consists of assembly line Al, A2 and A3. In these, assembly line Al and A2
are semi-automatic in manner where at some stations manual assembly is involved. Cycle time should be considered a viable option
when an organization is trying to improve efficiency and productivity and hence this paper deals with the reduction of fatigueness as well
as cycle time in station #190 of ASY#1 where tailgate weather-strip is fixed manually. The Journal undertaken was to design work assist
system (standalone device) which is used to position tailgate weather strip for GS Model (Hyundai Creta). For this many activities were
done and analyzed the problem and designed the work assistor seeing through all the constraints. Thus the entire machine assembly will
be done to minimize the operator fatigue, to improve quality and also the chances of disorientation are reduced by elimination of manual
hand operation. Fatigue reduction was shown by calculating the difference of frictional force between hand and the standalone device
and the frictional force was reduced by 4.91N.The shower results bettered with less rejection by using the operator-friendly work assist
system.

Keywords: Industrial rubber, Accelerometer, Weather strip, Polyurethane

1. Introduction 2. Methodology

The Assembly Line study identified many real time problems

occurring in the line, out of which | have opted to provide a solu- PROBLEM IDENTIFICATION
tion to one of them. Hyundai Motor India Ltd is one of the pio-
neers in the automobile industry and hence by using the advance- el diagnoss
ments of technology the plant is fully automated whereas some
stations are requiring manual effort from the workers and thus Stondaone devie
increasing chances of error. o
At one of the stations where the tail gate weather strip is fixed , et snd
there they use their hands to fix it which is around 50 seconds per spefiatons
cycle, it is also prone to water leakage and hence there is scope to
improvise and get a lesser cycle time. Manual assembly involves Pt s
complete human effort to lift, move and fix parts to vehicle body -
hence the human effort cannot be 100% efficient always. It tends
to fluctuate based on physical and mental fitness

Although these cars are made by precise robots and skilled opera-
tors, around 20 cars are put offline every day in the PDI (pre de-
livery inspection) due to quality issues out of which 10% are due W
to this orientation of weather-strip which is done manually. We S
decided to reduce the fatigue as well as cycle time of operator

hence by designing the work assist system would satisfy the above

criteria consequently quality of the car is not affected by fatigue of

the operator.
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3. Measurements

The observations and experimentations done in HMIL were the
follows:
The Tailgate dimensions and the cycle time for seating of weather-
strip by skilled labour and a fresher were noted down.
L.TIMINGS:

Table 1: Seating Time

Sl.No. Time for Weather Strip seating in Secs Average
Observationl Observation2 Observation3
1. 49 53 52 51.3
3.1. Tail Gate:
Table 2: Tail Gate Length
SI.No. Length of Tail Gate in mts Average
Observationl Observation2 Observation3
1. 3.925 3.918 3.926 3.923

The weight of the weather strip

o

and the sealant were noted down
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F1g9.3: Weight of Weather Strip with Seelant
3.2 Weather Strip Specifications

Weather strip details

Material Industrial Rubber

Weight of weather strip without sealant 1.222  kgs
Weight of sealant 0.147  kgs

Weight of weather strip with sealant 1.264  kgs
Minimum force on weather strip 28.876N/100mm
Maximum force on weather strip 61.7 N/100mm
Young’s modulus of weather strip 1-5 MPa

Density of weather strip 930 kg/cubic m

3.3. Weather Strip:

Table 3: Weather Strip Length

Sl.No. Length of Weather Strip in mts Average
Observationl Observation2 Observation3
1. 3.945 3.944 3.496 3.945

4. Modeling and Analysis

4.1 Solution:

After analyzing all thedesign solutions, we had thought to have a
ball and socket type of joint at the junction of handle and stem.The
radius provided for the socket depends upon the diameter of the

ball joint and the maximum turning point in the tailgate weather-
strip panel.

This maximum turning point is an important factor used while
deciding the diameter of the ball.
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Fig.4: Design Solution
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Fig.5: Solution with Ball and Socket Joint
4.2 Concept Explanation:

The final solution had very few problems envisioned such as

worker ability to use the assistor. But those problems wouldn’t

increase the time much as well as worker’s fatigueness.

The final process after implementing the work assistor is

»  Firstly, the weather strip is manually seated at four different
positions for better handling while using the assistor.

»  After the strip is once set on the tailgate panel, worker uses
the assistor and seats the weather strip with minimal force in
different sections as shown previously.

*  The ball and socket mechanism at the junction of stem and
handle provides smooth turning of the stem alone on tailgate
panel

The roller has been designed such that the bulb of the weather
strip comes in contact with the roller hence applying the sealant
properly and due to minimal contact; the expansion is also reduced
to a far extent.
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Fig.6: Positioning the Proto Type

4.3. Analysis:
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Fig10: Prototype Specification:

5. Calculations:
Calculation of Frictional Force And Other Parameters

5.1 Calculation of Coefficient of Friction for the Follow-
ing Interfaces:

Hand- Industrial rubber (weather strip) interface
Friction is resistive forces that opposes an objects motion or in-
tend motion. The formula to compute the frictional force (f) is

Fr=HFy

The coefficient (W) is unique for different materials. The normal

force (Fy) here is the maximum force which is sufficient on

weather strip for complete seating of sealant. It is the countering

force that the surface exerts on the object to oppose its weight.

The aim was to devise a method for measuring friction at the hand

/handle interface during a frictional handgrip task. No description

of methods of this kind was found in the literature. and indirect

method of measuring normal grip force was employed to deter-

mine friction at hand / handle interface .

Method for Calculating Coefficient of Friction (u):

Firmly attached the accelerometer to wrist.

Placed the rubber weather strip (a cut piece) on the wrist.

Hit “collect’ in LoggerPro and gently raise your forearm up.

Hit ‘stop” when the object starts sliding.

Determine and record the component of the acceleration due

to gravity (a) parallel to wrist at the instant that the object

slips.

»  After performing this experiment, we needed to compute the
angle (e) at which the cut piece starts slipping. Since we
know the acceleration components:

v vVvevwy

Sine = alg

»  After calculating the critical angles the coefficients u can be
calculated as follows

Fn = mg cose
F¢ = mg sine = pu Fy = L mg cose

p=tane
Low & Accelerometer

Fig.11: Cut Portion of Weather Strip

Fig.12: Accelerometer

The data below contains the recording and calculations:

Table 4: Material Properties

S.No Material Acceleration Angle 1]
(m/sec) (deg)
1. 6.34 40.3 0.84
2, Rubber (cut 6.36 40.5 0.83
3. piece) 6.354 40.4 084
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Average Value: 0.84

Polyurethane (Prototype material) and Weather strip (rubber) and
Interface:

The coefficient of friction for Rubber (60 A) against Polyurethane
material is given in the table chart:

Table 5: Rubber Coefficient

S.No Material Against material u

1. Rubber Polyurethane 0.67

5.2 Calculation of Normal Force ( Fy) :

Now that the coefficient of friction has been calculated,we next
calculated the normal force (Fy) with the aid of UTM and found
the following results.

These values show the maximum and the minimal amount of force
required for proper seating of sealant in the tailgate pane.
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Fig.13: Force Test Readings and Test by UTM
5.3 Difference of Frictional Forcei Both the Cases:

CASE 1: Hand -weather strip ( rubber) interface

Frictional Force, Fs; = u* N

=(0.84) *(28.876)

=2425N

CASE 2: Polyurethane (prototype) — weather-strip interface
Frictional Force, Fp, = p* N

= (0.67) *(28.876)

=19.34N

Difference in frictional force = F;; - Ff,-4.91N

Hence the work assist system i.e. the standalone device has
reduced the frictional force by 4.91 N

when compared to the existing method in which manual seating of
weather strip is being done.

6. Conclusion

The standalone device cum roller helps in decreasing human fa-
tigue as shown in the friction force calculations that with the work
assist system is less when compared to the manual process and
also the cycle time would decrease along with very less rejections
in shower test due to improper seating of weather strip.

The work assist system would be beneficiary to the operators
working in the line due to the following reasons,

»  Less fatigue

»  Proper seating of weather strip

»  Operator friendly

The results we obtained in the shower test and the observations of
the sealant application over the panel implies that the assist system
is designed in such a way that minimal problems are envisioned at
the same time meeting the objective and the functionality of the
project. For this many activities were done and analyzed the prob-
lem and designed the work assistor seeing through all the con-
straints Thus the entire machine assembly has minimized the op-
erator fatigue and also improved quality as well as cycle time by
reducing 4.91N frictional force with better shower results and less
rejection .
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