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Abstract -
productivity by improving the assembly line set-up at
automotive company. All necessary data are collected and
necessary spaghetti diagrams, relationship charts and
multi-operators charts are developed and analyzed to
understand the current layout performance in terms of
space utilization, material and operator flow, wastes etc.
Lean layout concepts such as SLP and LLD approaches are
used to redesign the assembly line based on developed flow
diagrams and relationship charts. Design changes are
recommended to eliminate the waste during assembly.
Layouts are redesigned using AutoCAD software based on
spaghetti diagram and relationship charts. By redesigning
the layout and reducing wastes such as motion and
transportations by lean concepts, these helped to improve
space utilization by 46.80% for drive train assembly line
and 44.40% for electric box assembly line and 45.45% for
battery box assembly line. These approaches helped to
improve productivity by 22.22%, 25% and 20% of drive
train, electric box and battery box respectively. Due to these
improvements, when the company works for 3 shifts, savings
could be as high as Rs.1,24,000 per year. These layouts are
recommended for implementation.

This project mainly aimed to improve

Key Words: Assembly line, AutoCAD, LLD, Relationship
charts, SLP, Spaghetti diagram.

1. INTRODUCTION

In every industry assembly line layout design is important
task (6), which are affects the productivity of the company.
A good layout can provide real competitive advantage by
facilitating material and information flow processes (3).
Layout involves the allocation of space and arrangement of
equipments in such a manner that overall operating costs
are minimized (3). Type of layout selection to develop
assembly line is mainly depends on production rate and
the demand (1), which decides the preferable layout type
(2). In present situation space utilized improperly and the

operator and material flow is more, which affecting the
productivity. Lean concepts mainly aimed to improve
productivity and reduce wastes (5). So SLP and Lean
concepts are used to improve productivity. SLP considered
as effective approach to redesign assembly line (7) (8) and
lean production system are used to reduce the waste times
in process (4) (5). All necessary data are collected and
analyzed based on collected data and developed diagrams.
Proposed layouts are developed and recommended for
implementation.

2. PROBLEM DESCRIPTION

In this company current assembly line has set for their

current product, but company assigned to produce other

components in same line. Problem identified in line set-up

of the assembly line of the sub-assemblies, which affecting

the demand of the company. The major problems

identified are

e More operator flow during the assembly, which
causing more motion during assembly.

e Congested space for performing the assembly.

e Not proper space utilization.

e No proper tooling.

The present work mainly aimed to achieve

e Better space utilization and effective layout design
e Better movement of men and material
e Improve productivity

3. DATA GATHERING

The necessary data are collected to analyse the current
layout performance in terms of space utilization, operators
flow and productivity.

The fallowing data are collected

e Present assembly line layouts with space
consumption, operator’s motions in between stations.

e Product details and process sequence.

e Observed time to analyse the current productivity.
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4. METHODOLOGY

« Study the components sub-assembly and assembly that go
into Drivetrain, Battery box, Electrichox

« Study the assembly process of these subsystems

» Determinethe critical requirements in terms of rate of
assembly, space requirement and workload involved

» Determination of proper working conditions at 3 stations

» Assessing the gap between existing facility and the new
requirement of E-Verito

» Reconfiguringthe assembly stations, layout, tools and
fixtures, such the gap is bridged

» Definethe new layoutand processes and recommend itas
standard foruse

Figure.1. Methodology

5. PROCESS ANALYSIS AND RECOMMENDATIONS

By collecting all necessary data, some recommendations
are made to reduce waste times. Table 1 shows the major
time consuming activities with recommended actions.

Table.1. Identified major time consuming activities with
time taken and action considered

N [dentified major time Time (in minute) Actions considered to

' spent activities DT | EB BB | reduce time
Searching for tools and

1 adjustingtool with air 1% . - Dasien changzs in
point (Motion+satup | ' T | fixtorss
fime)

i el B N IR | P
Searchingand Applving

1 | yellowmarker

" | (Considzrsd as over 4 : it
inspection)
Adjustment dusi

T 13 Dasien changss
assambly

6. ANALYSIS OF CURRENT LAYOUTS

In this section, product and current assembly line are
described. Table 2 shows the area consumed by all 3
components assembly line.

Table.2. Area consumed by components assembly lines

Area consumed
Components assembly areas | Existing layout
Drivetrain 41,40 m?
Electrichox 40,50 m*
Battery box 77.00 m*

6.1. Product A:

Figure 2 shows the Product A components

Figure.2. Product A with its major components

6.1.1. Current assembly line:

Figure 3 shows the current assembly line for the Product A
assembly, area consumed is shown in table 2.
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Figure.3. Current assembly line of the Product A

6.1.2. Operators flow between stations

Spaghetti diagram is created to analyse the operator’s flow
while performing assembly of Product A. Figure 4 shows
the spaghetti diagram of operator for Product A assembly.

Flow Rack

Woton trolley Motor trolley Cradie Trolley

Finture 2

Fisture 1 Trarsmiss rom

Figure.4. Spaghetti diagram for Product A assembly

By Spaghetti diagram, operator motion is calculated and is
shown in table 3.
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Table.3. Operator’s travelled distance in between stations sat |, _
. . . Fixture 1 || Fixture 2 ET
with distance between stations [ .
|
FEESENT LAYDUT
Distance betwasn stations and operatar distance travelled mlme 5 t‘ F
[-+] - ]
w BB w
Travelled
Travelable Frequency
Fram Ta Distance(m) req z dls;.;m -
@
Transmission F 1 3 1 3 = ‘E-_\
Matar tralley Fiwturs 1 a7 1 a7 . =3
Matar tralley AV crang 3 1 3 g
Fixturs 1 Ficturs 2 25 2 ] £
Fiwturs 1 Flow rack 55 & 33
Cradls
Fixturs 1 o &5 1 T.A5
Ficturs 1 Toal o a5 & Z7
Pocars 1 WV crame 1 - - Figure.7. Spaghetti diagram for Product B assembly
Ficture Flow rack . qs . . .
: et : £ = By Spaghetti diagram, operator motion is calculated and is
e ralley : ! 2 shown in table 4.
Fiwturs 2 Toal box 275 & 185
Prxturs 2 e as d 7 Table.4. Operator’s travelled distance in between stations
Tatal distance travelled {In meters) 140.65 with distance between stations
FRESENT LAYDUT
Distance between stations and aperator distance travelled in ine
6.2. Electric box: T i B
Fram Ta Distance|{m) z distance [m)
Figure 5 shows the electric box with its components el s z 182
EE - Upper
o Ficturs 1 25 1 5
el Phcture 2 Az z 13
Fixtura 1 Ficture 2 15 &
Fictura 1 Flow rack El 1% 150
Tub-
Fiwturs 1 azsambly 125 3 75
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Fivturs 1 Taal bax 425 12 102
Fixtura 2 Flow rack E] 18 160
Sub-
Fiwturs 2 imh]}' 275 1 55
tahle
Ficturs 2 Taal bax 35 15 105
Ty
Flow rack aszembly 5 18 150
= . . . tahle
Figure.5. Product B with its major components e
assambly Toal box 5 a ‘a0
tahle
Total distance travelled [In metars) 7992

6.2.1. Current assembly line

Figure 6 shows the current assembly line for the Product B 6.3. Product C:
assembly, area consumed is shown in table 2.

Jed Bupsay
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|

Figure 8 shows the battery box with its components
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Figure.6. Current assembly line of Product B

Figure.8. Product C with its major components
6.2.2. Operators flow between stations:

Spaghetti diagram is created to analyse the operator’s flow 6.3.1. Current assembly line

while performing assembly of electric box. Figure 7 shows ) .

the spaghetti diagram of operator for Product B assembly. Figure 8 shows the current assembly line for the Product C
assembly, area consumed is shown in table 2.
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Figure.9. Current assembly line Product C assembly

6.3.2. Operators flow between stations:

Spaghetti diagram is created to analyse the operator’s flow
while performing assembly of electric box. Figure 10
shows the spaghetti diagram of operator for electric box
assembly.

Figure.10. Spaghetti diagram for Product B assembly

By Spaghetti diagram, operator motion is calculated and is
shown in table 5.

Table.5. Operator’s travelled distance in between stations

FRESENT LAYDUT
Distance benwean stations and aperatar distance travelled mlne
F p Travelsble Frequency = ;Tn:M
rom a Distance(m) z stanie
[m)
EE - Lowar . 2y
tralley Fixture 1 315 1 315
BE - Upper Pocturs 1 7.18 1 718
tralley
Sub-assambly
Ficturzs 1 tahle Z4& % 96
Ficturs 1 Toal Eax g 10 a3
Ficturs 1 Flow rack 935 18 1665
Pocturs 1 e 18 2 3
trallay

Sub-assambly
tablc Taal Bax 29 3 a7
Suasamily | g 7.48 % 299
tahle

Tatal distance travelled [In meters) 2673

7. ANALYSIS OF LAYOUT BASED ON SLP
APPROACH

7.1 Product A:
7.1.1 Activity relationship chart:

These are developed based on Spaghetti charts using
Muthur’s SLP approach. Figure 11 shows the relationship
chart for Product A assembly line.

Abnormally high
Especially high
Impartant
Ordinary
Unimpartant

Nat desiszble

4 [ o v frmt [

Figure.11. Activity Relationship chart for Product A
assembly

7.1.2. Proposed layout:

Proposed layout is developed for the Product A assembly
based on figure 4&11. Figure 12 shows the proposed
layout for drive train assembly.

Figure.12. Proposed layout for Product A assembly

Based on proposed layout the operator travelable distance
is calculated and is shown in table 6.

Table.6. Operators travelling distance in proposed layout

FROPOSED LAYOUT
Divtance between siations and opesaior disiance tavelied i fos
Travellsd
F Travelshble Frequency )
Te Dristance{m) x1 distance
- {m]
TANRIHTEOn - -
Fotare 1 L5 1 35
Moo tralley Faxtare 1 LT 1 i4
Matar walley E¥ caane o3 1 1
pOLition
Formore 1 Formare I L ] 10
Frooore 1 Plow rack JE] [ e ]
Formare 1 Cradis wroliey pL 1 )
Faxtore 1 Tl box 1 & 1
-V coane - a
Fotare 1 22 L 1 1
pOLition
Formre 1 Flowr rack 1 § 1T
Formre 1 Cradis wrofiey [E 1 1
Foxtore 1 Tasol box 1 § [F]
Foxtars ¥ caane 27 2 108
poLition
Total dztance travelled (in meters) 55

7.2. Product B:
7.2.1 Activity relationship chart:

These are developed based on Spaghetti charts using
Muthur’s SLP approach. Figure 13 shows the relationship
chart for Product B assembly line.
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Figure.13. Activity Relationship chart for Product B
assembly

7.2.2. Proposed layout:

Proposed layout is developed for the Product B assembly
based on figure 7&13. Figure 14 shows the proposed
layout for Product C assembly.

Testing car

By 359 IHH.]

Fomeiat
=E3

| RN ]
Figure.14. Proposed layout for Product B assembly

Based on proposed layout the operator travelable distance
is calculated and is shown in table 7.

Table.7. Operators travelling distance in proposed layout

FROPOSED LAYOUT
Disiance betmees siations and operaior distance travelled in Hoe
| Travelled
F Ts Tirn!hhk Freqoency tamce
Diiztance{m) xl m)
EE - Lower trofley | Formee 1 138 1 631
EE - Upper trollay | Foctore 1 335 1 6T
EG - Uppes trolley | Foimoe 2 152 F 608
Foctors 1 Foctore 2 L5 F] &
Foctars 1 Flowr rack Lt 14 34
Faxiore 1 B 113 3 T3
bl
Foctare 1 Toal box LT3 12 42
Foctars 2 Flow rack L 16 3L
- Sot-assembhy P
Fortnre T atls LTS 1 35
Fixmore 1 Tioal box 3 13 20
Flowr rack - P 18 T4
tabds
- Toal box LS ] M
bl
Total dictance travelled {in meters) 3561

7.3. Product C:

7.3.1. Activity relationship chart:

These are developed based on Spaghetti charts using
Muthur’s SLP approach. Figure 15 shows the relationship
chart for Product C assembly line.

1 | BB -Lower wolley ™, _

I
2 [ BB - Upper trolley

3 | Fixture1

<
4 | Sub-assembly table ™~

Abnasmally hizh
Especially high
Impastant

Ordinary
Unimportant
Nat desiszhle

7 | Tramsfer Trolley T

|t [ [oe [ [
nfuin

Figure.15. Activity Relationship chart for Product C
assembly

7.3.2. Proposed layout

Proposed layout is developed for the Product C assembly
based on figure 10&15 Figure 16 shows the proposed
layout for Product C assembly.

Figure.16. Proposed layout for Product C assembly
Based on proposed layout the operator travelable distance

is calculated and is shown in table 8.

Table.8. Operators travelling distance in proposed layout

FROPOSED LAYOUT
Dirtancs hatmean sations and operator dicancs savallad in lins
Total
Travelahls Frequemcy | TraveDed
Ts Dvimtamcs{m) L3 diztance
{m]
EE - Lower trofley | Foctore 1 19 1 38
EBE - Upper trolley | Fixtore 1 33 1 T
Foctors 1 Sob-assambly bl F 4 15
Foctare 1 Tool Box L3 10 6
Fixinre 3 Flow rack I 1% T1
Fiximre 4 Tramsfer trolley 1 1 4
Sot-assembly mhle | ToolBox 11 3 ¥
Sob-amsembly able | Flow mack L3 4 11
Total distance travelled {(in meters) 1)
8. DESIGN IMPROVEMENTS TO ELIMINATE

WASTE
8.1. Product A

Earlier the fixture shown in figure 17 was fitted over the
sliding plate. While assembling, it needed adjustment to
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perform assembly. To avoid this adjustment fixture has
been fixed by considering assembly operation. So this
helped to reduce the time taken to assemble from 108
seconds to 20 seconds.

In present situation searching for tool and adjustment
were consuming 3.5 minutes for one drive train assembly.
To eliminate these waste time and to provide proper
tooling during assembly fixture design changes are
recommended. Figure 18 shows the fixture’s design
changes.

Figure.17. Product A fixture design change

@

\)ﬁ"‘
@ |
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Figure.18. Product A assembly fixture’s design changes

8.2. Product B

In present situation searching for tool and adjustment
were consuming 7 minutes for one Product B assembly. To
eliminate these waste time and to provide proper tooling
during assembly fixture design changes are recommended.
Figure 19 shows the fixture’s design changes.

N P, (3—-.

[ e s s s =

Figure 19. Product B assembly fixture’s design changes

8.3. Product C

In present situation searching for tool and adjustment
were consuming 3.75 minutes for one Product C assembly.
To eliminate these waste time and to provide proper
tooling during assembly fixture design changes are
recommended. Figure 20 shows the fixture’s design
changes.

TOU o000 UO

Figure.20. Product C assembly fixture’s design changes

9. Results & Discussion

By redesigning the assembly line based on the SLP
approach and by recommending the design changes in
fixtures to eliminate wastes, operator’s travelling distance
is reduced from 140.65 m to 95.5 m in drive train
assembly line, from 799.1 m to 366.1 m in electric box
assembly line and from 267.9 m to 150 m in battery box
assembly line. And further improvements are shown in
table 9.

Table.9. Improvements observed

Space . .
wtilization | , ietion Totaltime | Productivity |, L™¢
. . improvement . . N improvement
improvement (%) reduced (minutes) | improve (%) (%)
(%)
DT 46.80 49.14 7.33 2222 16.74
EB 44.40 73.69 16.2 25 15.10
4545 3648 8.3 20 11.10

10. CONCLUSION

Due to improvements observed by redesigning the
assembly line, savings could be as high as Rs.1,24,000 per
year when the company works for 3 shifts/day.
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