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Continuous Kaizen Implementation Gzt
to Improve Leanness: A Case Study

of Indian Automotive Assembly Line
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Abstract This study aims at introducing the concept of continuous kaizen to
improve the leanness by enhancing productivity, line balancing and line efficiency
of an automotive component assembly line. The present study shows the imple-
mentation of continuous kaizen at an assembly line using case study methodology.
The proposed continuous kaizen implementation methodology illustrates how the
top management specified goals/targets for the overall improvement of the line are
achieved. The quality control techniques of Gemba walk, 3M (muda, mura, muri)
analysis and ECRS (eliminate, combine, reduce, or eliminate) study are used for
the micro analysis of the activities. It is found that the continuous kaizen can be
effectively implemented in assembly lines to improve leanness by enhancing pro-
ductivity, line balancing and line efficiency. It has been shown through the case
study that the new concept of continuous kaizen decreased cycle time from 80 to
75 s, increased productivity by 6.7%, and line efficiency by 2.9%. The line balancing
is also improved by decreasing the cycle time variation (standard deviation) from 4
to 2.84 o.

Keywords Continuous kaizen (CK) - Leanness - Assembly line

6.1 Introduction

The organizations are implementing continuous improvement programs based on the
philosophies of lean manufacturing, six sigma, total quality management (TQM), etc.
to enhance customer satisfaction (Yang et al. 2016). The continuous improvement
is a culture of consistent enrichment aiming at the identification and elimination
of lean waste from the processes of an organization (Bhuiyan and Baghel 2005).
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Continuous small and incremental kaizen activities over a period of time lead to
large improvements. The kaizen is a kind of project having the potential for the
improvement of worker involvement and the organizational performance at the same
time (Farris et al. 2008).

Chung (2018) claimed that kaizen is not similar to “improvement” in its usual
nous. Sudrez-Barraza et al. (2011) identified two interpretations of kaizen: the west-
ern explanation of kaizen as “continuous improvement” and the Japanese interpre-
tation of kaizen as improvement by involving everyone alike. In western countries,
the continuous improvement is termed as the kaizen and seen as a corporate pro-
ficiency that is practised as a part of either TQM or various other innovation and
improvement programs (Bessant 2003). Whereas in Japan, the kaizen is described
as a philosophy of conducting improvement activities at the workplace by involving
everyone alike (Imai 1986). Aoki (2008) highlights the need to comprehend not only
the execution of kaizen activities but also the spirit of kaizen in more depth. Thus,
present study proposes a new delineation of kaizen—‘continuous kaizen (CK)’. The
paper defines ‘continuous kaizen’ as continuous and comprehensive improvement
for the completeness at the global or whole value chain level instead of just ‘change
for better’ at local or single workstation, so as to imply the value of integration in
kaizen activities. The ‘continuous kaizen’ focuses on three key aspects:

e Kaizen should be throughout the value chain—the kaizen should be small,
incremental, continuous, and comprehensive improvement.

e Kaizen should involve everyone from everywhere—the multi-hierarchical cross-
functional team should perform kaizen activities in a specified timeframe to
achieve pre-defined goal(s).

e Kaizen should improve leanness—the kaizen should improve the leanness level
of the organization by systematic identification and elimination of various lean
wastes.

There is still scant research on the kaizen activities in automotive component
organizations (tier one supplier) as compared to automotive organizations (Marin-
Garcia et al. 2009) and the implementation of the kaizen is also lesser outside the
Japan (Aoki 2008). The meagre research on kaizen at the automotive assembly lines
is best described by the difficulties associated with the implementation of kaizen at
assembly lines. Leanness improvement of an automotive assembly line is challenging
to improve as the number of processes involves a large number of components and
sub-assemblies to make the final product (Salzman 2002). Assembly processes are
prone to errors due to their complexity, resulting in higher costs and longer cycle
times. The assembly processes are difficult to map and examine as compared to
production. This case study demonstrate the implementation of continuous kaizen at
an auto component assembly line to improve leanness.
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6.2 Literature Review

Kaizen focuses on problem identification and its root causes and provides the cre-
ative solutions (Vonk 2005). The kaizen activities are used for the value addition
to products and/or services (Marin-Garcia et al. 2018). The kaizen implementation
attracts many organizations since it provides several qualitative and quantitative ben-
efits to the organizations. The qualitative benefits are often related to human resource
such as improvement in worker skills and commitment (Marin-Garcia et al. 2009);
self-esteem and motivation (Alukal and Manos 2006); staff participation, training,
communication, teamwork, and greater job satisfaction (Alvarado-Ramirez et al.
2018; Sudrez-Barraza and Ramis-Pujol 2010). The quantitative benefits are linked
to the economic factors such as increased productivity, profit, and inventory turnover
(Oropesa et al. 2016); reduced lead times, cost, defects, and number of stages in
production processes (Ramadani and Gerguri 2011).

The numerous tools, techniques and methods for kaizen implementation exist in
the literature (Marin-Garcia et al. 2018). Typically, kaizen tools and techniques are
human-based and process-oriented, while kaizen itself is continuous, incremental,
and hands-on in nature (Sudrez-Barraza et al. 2011; Alvarado-Ramirez et al. 2018).
Sudrez-Barraza and Lingham (2008) also identified four dimensions of kaizen—
office kaizen, Gemba-kaizen, kaizen blitz, and kaizen teian. Marin-Garcia et al.
(2018) have identified eight different types of tools and techniques for the imple-
mentation of kaizen activities—quality circles, ad hoc groups, suggestion systems in
permanent teams, kaizen blitz, improvement teams, self-regulated work teams, and
kaizen event.

6.3 Research Methodology

The research methodology for continuous kaizen is shown in Fig. 6.1.

6.4 Case Study

The present study illustrates a case of Indian automotive component assembly line,
where management is worried about the challenges of lower productivity due to
higher cycle time.
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Fig. 6.1 Research methodology for continuous kaizen

6.4.1 Case Organization

The ABCL (organization identity is hidden for the confidentiality) is one of the
prominent multinational automotive component manufacturer of India. ABCL has
received the TPM excellence award in the year 2007 and Deming prize in the year
2003 and possesses ISO 9001, ISO 14001 and TS 16949 certifications. The ABCL has
seven plants all over India and the case study is conducted in one of these seven plants
established plant in the year 2011. The plant has various machining and assembly
lines—idler machining, rack housing, idler assembly, steering column assembly,
rack and pinion sub-assembly, universal joint (UJ) assembly, and intermediate shaft
assembly line. The top management agreed to implement the ‘continuous kaizen’
as a line improvement project. Since, the ‘continuous kaizen’ is a short-term project
without much investment.

6.4.2 Specify the Goals and Project Duration

The main features of continuous kaizen project are to specify the goals or targets
of improvement initiatives within a defined period. The management gave a target
of 5% increase in productivity and line efficiency. The project duration was fixed as
3 months to carry out continuous kaizen activities throughout the value chain (line).
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6.4.3 Form Multi-hierarchical Cross-Functional Team

A multi-hierarchical cross-functional team comprising 10 internal members and two
members as external experts. The team involved four head of departments at senior
manager level from production, quality, manufacturing engineering (ME), and pro-
duction planning and control (PPC) departments; two team leaders (TLs) at the
manager level from ME and PPC departments; two assistant team leaders (ATLs) at
the supervisor or assistant manager level from quality and production departments;
two operators at the operational level; and the authors of the study as external experts.

6.4.4 Gemba Walks to Identify the Problems

To analyse the present situation of the line, the team obeyed the lean concept of “walk
the flow, create the flow”. A series of Gemba walks were conducted to understand the
various problems associated with steering column assembly line. Figure 6.2 clearly
depicts that a number of processes are arranged in parallel, which create problems
to understand and analyse the process flow. The steering column assembly requires
18 processes and ten operators. Since the number of processes are more than the
number of operators, therefore multi-machine activities (MMA) are considered as a
work cell as shown in Fig. 6.2. Figure 6.3 clearly shows that there is large variation

Process 1 “—Work cell 1 Process 14
4 Lobe forming on female shaft PDI
l |
Process 2 Process 13

Process 13(A)

Steering shaft pressing in tube Rubber coupling assermbly —» Assembly of upper |-shaft with upper:

steering upper column & date code punch

I [

Process 3

Welding of steering shaft upper Work celt5—
assembly

] 3

; \

Process 12
Tilt slippage checking

Process 11(A)
Process 4 Work cell 4 EA bolt assembly of slipper Process 11
Bearing press on male part ~—Work cell 2 ork ces plates & bracket & pressing Tilt leaver assembly with column
l of cam A with level tilt {
Process 10(B] Process 10(C)
Process 5 . N !
" N . Welding of upper Ball bearing pressing & Process 10
Plastic sleeve insertion, notching & . . L . H— .
. jacket, combi bracket, caulking in upper jacket sub Jacket & shaft pressing
greasing of male shaft y A
switch & ring bolt assembly
l [
Process 6 Process 9
N . Process 7 Process 8 . h -
Assembly of steering shaft with male ——p " N A ' . — Bearing pressing & caulking in lower
. Insertion load checking & correction Rotational play & run out checking N
assembly & caulking of female shaft jacket assembly
Work cell 3

Fig. 6.2 Process sequence of steering column assembly
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Fig. 6.3 Cycle time of the selected assembly line

in the cycle time (varies from 67 to 80 s) which unbalances the line. Similarly, the
overall cycle time of the line is 80 s. The work cell 5 is the bottleneck and has the
highest cycle time of 80 s, which results in low productivity.

6.4.5 Analyze Various Lean Wastes

Defect Waste. A fishbone diagram is developed to analyse the problem of defect
waste and identify the root causes for the same. There are number of possible causes
for the defect waste as shown in Fig. 6.4. The root cause for the large number of
defects is poor load cell performance at process 7.

High sliding for
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Crimping jaw angle
Initial and incremental load

Process 7

Caulking failure
Shaft pullout

Die mark on capsule
Resting block

hit capsule

Process 11(B)

Excessive fatigue
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Improper loading

of child parts

> Defect

Hex bolt broken
More degree
of freedoms

Unidentified position
of some child parts

SOP not followed

. Retainer damaged
Incoming material defect

Method

Fig. 6.4 Fishbone diagram for defect waste
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WIP Inventory. The possible causes of WIP inventory waste are sorted by man,
machine, material, and method causes (Fig. 6.5). The push system used to place the
child parts at the various workstations is the root cause of excessive WIP inventory

of child parts.

Waiting Waste. The fishbone diagram depicts the possible causes of waiting
waste (Fig. 6.6). Two major causes of the waiting waste are unavailability of bought

out parts (BOP) and machine breakdown.

Break down
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Fig. 6.5 Fishbone diagram for WIP inventory waste
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Fig. 6.6 Fishbone diagram for waiting waste
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Motion Waste. The motion waste leads to high cycle time at some processes. The
possible causes of motion waste are sorted by man, machine, material, and method
causes (Fig. 6.7). The team found that the poor line layout and poor workstation
design are the root causes of the motion waste.

Transportation Waste. The multi-hierarchical cross-functional team conducted
the brainstorming session to identify and analyse the possible causes of transportation
waste. Total nine possible causes are listed as presented in Table 6.1. The team
concluded that the poor line layout is the root cause of transportation waste. There
are a number of zigzag movements of material and operators due to the poor layout
design causing transportation waste.

Gauges vy T
Bush presence checking \\ )/ Use ponit
arker pickup position in opposite side \

Process 13(A)

Marker pickup stand away from sticker

More no of rotation on mandrel

Extra hand movement due to
small child parts mixing
Incoming material in
bad condition
Incoming material disordered

in the bin
Unnecessary movement due to

High WIP of child parts

Process 14

Child parts away from bx
Spanner position inconvenieqt

Loc-tite position awa¥
Extra hand movement due to

improper Poke yoke position
»  Motion

Walking without working

Extra movement due to
Inexperienced labour

Bad coordination

Shared tools
Poor work stations design
Unnecessary movement

due to poor layout
Movement procedure not

displaced at workplace

Fig. 6.7 Fishbone diagram for motion waste

Table 6.1 Possible causes of
transportation waste after
brainstorming session

No. | Possible cause

Wrong routing for child part feeding

More space required due to high WIP

Improper bin sizes

Poor line layout

Poor trolley design

Poor material handling

Single storage location

XN ||| R RN = 0

Complex working environment due to large no of
child parts

9. Poor consideration to material flow
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After analysing different types of lean wastes, the team summarised these wastes in
terms of occurrence of these wastes at individual processes, their root causes, possible
solutions, and the improvement plans. The team categorized the improvement plans
into long-term (up to one year) and short-term (0-3 months). The motion waste due
to poor workstation design can be reduced by implementing the continuous kaizen
at various workstations in the given project duration of three months. Thus, the team
decided to implement the continuous kaizen to reduce or eliminate the motion waste
at various workstations to improve line leverage by enhanced the productivity, line
balancing and line efficiency of steering column assembly line.

6.4.6 Implementation of Continuous Kaizen

A series of kaizen activities are carried out at the various processes to accom-
plish the continuous kaizen. The team first conducted the 3M analysis and ECRS
study (process 13A) to minutely understand the different activities at the individual
processes.

Kaizen at Process 14. The process 14 is pre dispatch inspection (PDI) and this
is the last process of the steering column assembly line. Further, this process has
high cycle time of 78 s. Thus, process 14 is the pacemaker process and decides the
heartbeat of the assembly line. The fishbone diagram of motion waste (Fig. 6.7)
shows that the high cycle time is due to unnecessary movement of the operator.
To critically analyse the situation, the cross-functional team did the 3M analysis of
process 14 as presented in Table 6.2.

The team decided to implement the kaizen for the improvements of these two
activities. First, the team found that the activity of ‘press enter key’ just after scan-
ning the sticker code is not required and can be eliminated by changing the software of
computer. The activity was eliminated by improving the software. This elimination
of unnecessary hand movement decreased the activity duration from six seconds
to four seconds and reduced the operator fatigue. Second, there was an unneces-
sary movement of operator due to poor trolley design. The cross-functional team
suggested improvement in the existing trolley design. The new trolley reduced the
operator movement and decreased the activity duration from nine seconds to three
seconds. Thus, the cycle time of process 14 is reduced from 78 to 70 s.

Kaizen at work cell 5. Next, the work cell 5 has two processes: process 12 and
process 13. To comprehend the whole activities of work cell 5, the cross-functional
team carried out 3M analysis as presented in Table 6.3. After 3M analysis, the team
found that the process 11 operator can carried out the two of the process 12 activities
(load the part and start cycle). This reduced the cycle time of work cell 5 by four
seconds. The process 13 is used to assemble upper I-shaft and upper steering column
and to punch the date code on the part. The marker used to write on the sticker was far
away from the writing area in the existing working condition. This kaizen reduced
the hand movement from 240 to 80 mm and saved 2 s per part. For the work cell 5,
total cycle time reduces from 80 to 74 s.
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Table 6.2 3M analysis of process 14
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S. No.

Process 14

Time (sec)

Observation

Action plan

1

Uplift lower jacket
and apply cotton

3

Confirmation of
torque on bolt

Down lower jacket
and check lever
movement

Pick-up marker, mark
on part

Gauge checking and
marking

Apply cover on part

Put marker and press
push button to
unclamp

Scan sticker code and
press enter key on the
keyboard

Unnecessary hand
movement for
pressing the enter key

Eliminate the
unnecessary hand
movement by
improving the
software

Pick-up part from
fixture and put on
next fixture

10

Rotation torque
checking

11

Thread checking
using Go gauge

12

Thread checking
using No-Go gauge

13

Serration checking
using Go gauge

14

Serration checking
using No-Go gauge

15

Flush pin checking
using gauge

16

Apply cover on
thread

(continued)
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Table 6.2

(continued)
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S. No.

Process 14

Time (sec)

Observation

Action plan

17

Pick-up part, put on
trolley and trolley
adjustment after
every 6 parts

O

Poor trolley design

New trolley design

18

Come back for next
cycle

19

Shift loaded trolley
(after 24 parts) and
bring empty trolley
for next loading

Table 6.3

3M analysis of work cell 5

S. No.

Work cell 5

Time (sec)

Observation

Action plan

1

Unload the part

2

Load the part

Can be accomplished
by previous operator

Assign this activity to
process 11 operator

Start cycle

Can be accomplished
by previous operator

Assign this activity to
process 11 operator

Put part on fixture

Pick-up coupling and
check gauge

m#@@b

Insert coupling in
shaft and clamp

~

Pick-up bolt and
washer and fit in part

Apply torque

Paste part number
sticker

10

Start cycle

[\

11

Write lever force on
sticker and paste

Marker pick-up stand
is away from the
writing point

Place the marker near
to the writing area

12

Pick-up polythene
and rubber and apply
on part

13

Pick-up marker and
do marking

14

Unload, and load part
on next bin

(continued)
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Table 6.3 (continued)

S. No. | Work cell 5 Time (sec) | Observation Action plan
15 Press push button 2
16 Pick-up next part for | 4

next cycle

Kaizen at process 13(A). The process 13(A) is rubber coupling assembly. In
this process, the team decided to conduct the ECRS (eliminate, combine, reduce, or
shift) study instead of 3M analysis. The team observed that the process 13(A) had
number of activities, which can be eliminated or combined or reduced or shifted as
presented in Table 6.4. Two activities (17 and 18 in Table 6.4) were identified as poor
activities. After identification of poor activities, the team decided to implement the
kaizen. Three kaizen activities are carried out for improvement of the process 13(A).
First, the marker pickup position was on the opposite side of the picking hand and
away from the sub-assembly (part). This sub-activity can be reduced by relocating
the marker on right hand side and near to the sub-assembly. This relocation of marker
position reduces the operator fatigue and cycle time by 0.6 s per part. Second, the
operator code is required due to WIP inventory of sub-assemblies. This sub-activity
is eliminated by implementing the single piece flow. This kaizen further reduced
the activity duration by 0.4 s per part. Third, the activity of ‘check bush presence’
required 3 s to complete. This activity is shifted to previous workstation of universal
joint (UJ) assembly line. Thus, the activity of ‘check bush presence’ can be carried out
in UJ assembly line. The team shifted this activity to previous workstation resulting
in the reduction of cycle time of process 13(A) by three seconds per part.

Kaizen at process 11. The process 11 is ‘tilt lever assembly with column’. The
cross-functional team conducts the 3M analysis for the process 11. The 3M anal-
ysis indicated that there were numerous activities, which had the motion waste as
presented in Table 6.5.

After 3M analysis, kaizens were conducted. First, total six types of small child
parts are used to assemble the tilt lever assembly with column. The child part bins
were away from the operator due to which operator had to move a long distance to
pick these child parts. The child part bins were relocated near to the operator. This
kaizen reduced the operator fatigue and saved five seconds per part. Second, the
team conducted a kaizen and provided the inclined stand near the assembly area for
easy pickup of spanner and less hand movement. This kaizen saved the activity time
of 0.5 s per part. Third, cluttering of brackets and cam-lever subassemblies creates
difficulties for the operator to pick the parts and operator requires extra time for the
sorting. The team conducted a kaizen activity and provided a separate stand for the
bracket and cam-lever subassemblies. This kaizen saved the activity time of 1.5 s per
part. Fourth, the team conducted a kaizen activity and provided the loctite stand at
the point of use. This kaizen saved the activity time of 0.5 s and reduced the hand
movement from 260 to 210 mm. Fifth, the team conducted a kaizen activity and placed
the marker nearer to the marking point (assembly area). This kaizen further reduced
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Table 6.5 3M analysis of process 11

S. Time . .
No. Process 11 (sec) Observation Action plan

Pick-up mounting bracket and

! put on the fixture 4
) Pick-up sub-assembly and fix 7
it on fixture
3 Plck-up washer and apply loc- 4 | Pick-up time more as . .
tite . Put child part bin
. child parts are away
Pick-up nylon nut, apply nearer to the operator
4 9 | from the operator . .
torque by spanner and release e Inclined stand provided
. . Spanner position incon-
Pick-up cam B and fix it on 4 . for spanner
5 part venient

Provide stand for lever

@ No designated place for
cam assembly

6  Pick-up lever cam assembly mounting bracket &

lever

7 Pick-up plain washer, needle 9

bearing and fix on part

. . Loctite location is away Place the loctite near to

8 Apply loctite and pick-up nut from the assembly poiri/t the assembly point
9 Apply torque and check lever 7

movement
10 Check rotational play 6
11 Check lever force 7
12 Pick-up marker and write @ Marker pick-up is dis- Re-locate the marker

force value tance long near to marking point
13 Unlock fixture 2
14 Unload part and put in the bin 5

the activity time by 0.5 s and reduced the hand movement from 370 to 280 mm.
Total 8 s are saved by conducting the kaizen at the process 11. However, to avoid the
waiting waste, the operator working on process 11 is given two additional activities
(load the part and start cycle) of process 12. Due to these additional activities, the
cycle time of process 11 is increased by four seconds.

Kaizen at Process 10. Process 10 is jacket and shaft pressing. The team decided
to conduct the 3M analysis to critically analyse the whole activities of process 10.
The 3M analysis indicates that two activities (3 and 10 in Table 6.6) have motion
waste. The team conducted a kaizen activity and reduced the number of mandrel
threads by decreasing the length of the mandrel. This kaizen saved the activity time
of three seconds and reduced the hand movement due to decreased number of threads
from 12 to six, which also results in lesser operator fatigue.



66

Table 6.6 3M analysis of process 10
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S. No.

Activity

Time (sec)

Observation

Action plan

1

Pick-up part from oil
box with circlip
assembly

3

Insert in outer jacket
assembly.

Pick-up mandrel and
assemble in part

O

Mandrel assembly
time is high due to 12
no of threads

Reduce no of threads
on mandrel

Load part in fixture
and clamp

Start cycle

Pick-up retainer and
assemble in outer
jacket

Pick-up part, fit
circlip and mark on it

Put part in oil box

Unload part,
de-clamp and put on
fixture

10

Disassemble mandrel

Mandrel disassembly
time is high due to 12
no of threads

Reduce no of threads
on mandrel

11

Pick-up circlip and
assemble in part

12

Pick-up marker, mark
for circlip presence

13

Check shaft
movement

14

Write load value on
part and put on the
next fixture

15

Check slot dimension
using Go-No Go
Gauge

16

Come back to
pick-up part for cycle
next cycle
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6.5 Results and Discussion

The case study has exhibited that considerable improvements are achieved through
the implementation of continuous kaizen. The target of productivity improvement is
achieved by accomplishing the continuous kaizen project. The production per labour
hour (PPLH) is increased from 4.5 to 4.8 (Fig. 6.8) or the productivity is increased
by 6.70%.

Correspondingly, the line efficiency is also enhanced by 2.9% as shown in Fig. 6.9.
The cycle time reduction is accomplished by the elimination of motion wastes. The
total cycle time is reduced from 741 to 716 s. The overall cycle time of the line is
reduced from 80 to 75 s. Further, the line balancing is also improved by decreasing
the cycle time variation from 4 to 2.84 o.
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Fig. 6.9 Line efficiency of steering column assembly line
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6.6 Conclusions

This paper presents a case study of Indian automotive component assembly line,
which shows that continuous kaizen can be used to improve leanness of an assem-
bly line by improving the productivity, line balancing and line efficiency. The paper
also proposes a new delineation of kaizen philosophy—continuous kaizen—which
means continuous improvements at the global or whole value chain level instead of
just ‘change for better’ at local or single workstation level. The various tools and
techniques of the kaizen philosophy have been reviewed to provide salient points of
each tool and technique. The paper also presents the methodology and tools for the
proposed continuous kaizen project. The case study demonstrates the methodology
required for the continuous kaizen. The continuous kaizen has improved the lean-
ness of the assembly line by reducing or eliminating the motion waste to improve
the productivity, line balancing and line efficiency. The total cycle time is reduced
from 741 to 716 s. The overall cycle time of the line is reduced from 80 to 75 s.
The continuous kaizen increased the production from 45 products per hour to 48
products per hours. The line efficiency is enhanced by 2.9%. The line balancing is
also improved by decreasing the cycle time variation (standard deviation) from 4 to
2.84 o. The continuous kaizen proves to be a versatile assembly line improvement
approach facilitating the reduction of lean wastes.
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