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Abstract
C-Auto is an automotive dealership. It sells and provides service for vehicles from American, Japanese,
and Korean origin. Customers regularly visit to perform a maintenance, a repair and/or a recall. The
department receives around 2,300 customers monthly. Currently customers are not satisfied with the wait
time of vehicle repairs, with a 54% satisfaction level. Focusing on strategies to reduce customers wait time
is the main goal as the dealer wants to increase customers visits to the service department. The main
objective was to reduce the average days it takes to repair a vehicle from 6.02 days to less than 5 days and
increase the 54% customer satisfaction levels. After implementing a new organization of the space, focusing
of what is important for the customer and improving the overall safety and equipment of the employees,
the objectives set for the project were reached and exceeded.
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1. Introduction
The C-Auto service Department receives around 2,300 customers monthly. Customers are not satisfied with
the time it takes to get their vehicle repaired. The current Customer Service Index (CSI), in Fig. 1 reflects
this perception, as only 54% of customers are satisfied with current service. The current average wait time
for a vehicle repair is 6.02 days. Furthermore, for each vehicle that is longer than 5 days waiting for a repair,
C-Auto must provide a rental vehicle, reducing profits each day it takes the vehicle to be repaired.

Figure 1. Average repair days per product family
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Management wants to increase productivity, customer satisfaction, and enhance customer experience. The
solution must be a well-designed streamlined process including SOPs, detailed responsibilities for each
position, performance metrics and better communication practices.
1.1 Objectives
The project team established two objectives for the project:
1.
Reduce the average wait time from 6.02 days to ≤ 5 days
2.
Increase productivity by 10%.
These objectives were developed using the Critical to Quality tree, in Figure 2, translating the customer
needs to technical requirements which can be measured and monitored as metrics.

Figure 2. CTQ Tree

2. Literature Review
Increasing productivity in a business or industry allows companies to grow and gain competitive advantage
(Niebel, 1988). That is why similar approaches to service applications, including car dealerships are
included in this section. To perform improvement activities, the right tools are required. IE and Lean tool
used in this paper are also defined. More detail in these topics is shown next.
2.1 Automotive industry and the need for process improvement
Car sales and services are in high demand in Puerto Rico, as vehicles are the only reliable mean of
transportation in Puerto Rico. The challenges that come up daily with new technology, inventory
constraints, and lack of personnel demand that the service department maximizes the effort to meet
customers’ expectations. Historically the service department has focused on billable hours, the way
production is measured in car repair industries. As customers’ expectations and needs have become greater,
customer retention can suffer. A mindset of continuous improvement or a customer-centric will be needed
if the customer’s needs are to be achieved. Using lean six sigma methodology has been proven successful
in many manufacturing and service applications (Yadav et al, 2019) There is evidence of application of
these techniques to a car dealership in Puerto Rico with excellent results (Cabrera et al, 2021).
2.2 IE and Lean Tools
Some of the process improvement approaches included in this paper include:
• 5S is defined by Randhawa and Ahuja (2017), as a methodology that results in eliminating
production wastes, due to process execution, and resource management. The final product is a
clean, safe, and well-organized workplace that optimizes productivity.
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•
•

Value-added flow analysis specifies what adds value to a productive activity, by transforming an
asset and making it with supreme quality for a customer willing to pay. The elimination of nonvalue-added activities has been presented by Hidayati, Tarigan and Tarigan (2019) and others.
Analysis of variance, or ANOVA compares the mean of two or more groups to determine if a
relationship exists between them (Montgomery, 2011). Two conclusions are possible in this test:
all means are equal, or at least one of the means is different. There exist non-parametric tests to
make comparisons when one of more of the samples is not normally distributed.

3. Methods
The project was guided principles of the DMAIC methodology. The steps to achieve the objectives include:
1. Historical data was gathered from the database system (DBS) to establish baseline.
a. Data collection plan
b. Lift Audit Results
c. Value added flow analysis by observing mechanics vehicle repair process.
d. 5S audit for the repair shop
2. Root cause analysis: fishbone + 5 whys to understand and obtain the root cause.
3. Recommendations from:
a. Value added flow analysis
b. Parking closeness analysis and redesign
c. Area facilities redesign
4. Validate using an ANOVA to find the difference in means between the initial number of days it
took to repair a vehicle with the new process.
5. Results were analyzed using Engineering Economic principles (Blank and Tarquin, 2012).
4. Data Collection
The data collection plan is shown in Table 1. It included details on data source and use for project
Table 1. Data Collection Plan
ID

Performance
measure

Sample size

Data source

1

Open RO days

359

DMS System

9916

DMS System

565

Counting parking spaces
Evaluation and documentation of
lift condition

2
3

Closed RO
Days
Physical
Inventory

4

Current lifts
evaluation

48

5

Lift work
sampling

173

6

5s evaluation

3

Go to each car lift and look at the
current use of it
With a standardize document
stating all the 5s important
measurements.

Use
Evaluate the current distribution of vehicle waiting
for repairs
Determine the time it takes for a vehicle to be
repaired
To evaluate the current organization of the inventory
and perform a closeness analysis
To evaluate the current condition of the equipment
that is most important for safety and performance of
the mechanics
Identify the current utilization of the car lifts and look
for opportunities for use
Establish a baseline and construct a plan for
improvement

An inspection of the car lifts was made to determine the percentage of usable equipment. Figure 3 shows
the vehicle lift that need to be repaired in orange, the lifts that need to be replaced in red and the lifts that
are on acceptable conditions in gray. It was found that 88% of vehicle lift are not in optimal conditions,
83% of the lift presented rust in the columns and in 50% of the lift the safety locks are not operating.
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Figure 3. Lift audit results

4.1 Organization and Cleanliness (5s Evaluation) Problem
The images in Fig. 4 are show cleaning and organizing are not ingrained in company culture and not part
of the work schedule. Two initial 5s evaluations can be reviewed in Figure 5, and show there are areas of
opportunity, as scores of 25% and 30% were obtained.

Figure 4. Service organization before improvement
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Figure 5. 5s evaluation

5. Results and Discussion
A Fishbone diagram was designed to analyze the Area Low Efficiency problem. The causes considered
were management, man, process, measurement, machine, and methods. It is perceived that the main cause
for the effect is that there is not an implemented standard for more than one aspect of the area reviewed.

Figure 6. Fishbone diagram to identify root causes

From the root cause analysis, the main opportunities were identified and shown on Table 2.
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Table 2. Opportunities found from the root cause analysis
Number

Opportunity

Category

1

Aged Car Lifts

Equipment

1

Lack of Maintenance to all equipment

Equipment

1

Uncapable or unfit Lifts for requirements on vehicles

Equipment

2

There are no parking spaces assign for the service department

Process

2

There is no organization or cleanliness

Process

3

Vehicles waiting for repairs is not prioritize depending on the days

Process

3

Vehicles are assigned without priority and no FIFO

Process

5.1 Numerical Results
The value-added flow was performed, with the non-value-added activities eliminated, as seen in Fig. 7.
Tasks removed included waiting for greeting the customer and searching for and alerting service
completion. Total cycle time for a repair was reduced from 2157 to 390 minutes, an 80% improvement.
Value-Added Flow Analysis
Nam e: Joshua Rodriguez
Date:

Process Nam e:
Tim e
Measured In:

21-Dec

Assignment and repair of vehicles
Minutes

Hours

Days

(select units)

#
1
2
3
4
5

Step Label
(VA, NVA,
NVAr)

Process Step
Greeter parks vehicle in available parking space
Greeter takes the car keys to the key handler in the tools
storage
Supervisor reviews the customer complain
Supervisor assigns vehicle to car mechanic that is available
to repair a vehicle depending on the received date
If there are no mechanics wait for one to be available

7

Mechanic selects vehicle that has been assigned to him
Mechanic looks goes to the tools storage to ask for key
from the key handler
Parked vehicle waiting for repair

7

Mechanic looks for vehicle on the parking spaces

8

Mechanic repairs the vehicle

9

Mechanic parks vehicle in available parking space
Mechanic updates the database system and notifies the

6

NVA

NVA & NVARequired
Work Time

NVA - Wait
Time

2.00

NVA

5.00

VA

4.00

VA

2.00

VA

4.00

NVA

6.00

NVA

258.00

NVA-r

7.00

VA

10 supervisor that the vehicle is repaired

Value
Added
Time

83.00

NVA-r

4

NVA-r

15

Time

% of total

Total Value-Added Work Time

93

23.85%

Total Non-Value-Added or NVA-r Work Time

33

8.46%

NVA - Wait Time

264

67.69%

780

Figure 7. Value added analysis for the assignment and repair of vehicles

5.2 Graphical Results
A closeness evaluation, assigning and restructuring the parking spaces time is shown both in Fig. 8 and
Table 3. Assigning 8.5 feet for each parking space, the total available spaces equal to 334 or 2839 feet. By
changing the configuration of the parking spaces the total distance can by reduced 940ft (-23%) and travel
time by 204 seconds (-23%).
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Figure 8. Closeness evaluation
Table 3. Parking space analysis
Brand
CDJR
Nissan/GM
Ford
Total

Vehicles in
stock
136
56
121
313

Required
Space in feet
1156
476
1028.5
2660.5

Available
Spaces
149
72
113
334

Available space
in feet
1266.5
612
960.5
2839

5.3 Proposed Improvements
Recommendations for lifts will consider worker safety minimizing potential occupational risks. These
recommendations are shown in Table 4 and include repair, maintenance, and replacement activities.
Table 4. Proposed solutions for car lifts
Solutions

Costs

Advantage
Less Expensive than repairing all lift

Repair only lifts on critical
condition (22)

$23365

Maintain the same lifts
until they break

$0

Replace and repair all lift
to be certified (42)

$83420

Hire personnel to do a
monthly and annual
maintenance and
inspection

$9600

Improves the performance and safety of
part of the lifts

No required investment

Disadvantage
Potential fines and lawsuits due to
accidents
Performance can be affected due to
breakdown
Potential fines and lawsuits due to
accidents
Performance can be affected due to
lifts breakdown (Downtime)
More expensive to buy and replace
each time a lift is broken (approx.
$1000 more)

Improves the performance and safety for
all employees

More expensive than the other
solutions

Reduces or eliminates risk of potential
fines and lawsuits due to accidents

Slow down production while lifts are
repaired

It improves the useful life of car lifts +
Identifies potential breakdowns and
solves before it breaks

Additional cost and reliability of
suppliers is not the best

A cleaning day was agreed, with before (Figure. 9) and after (Figure. 10) results shown next.
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Figure 9. Repair area Before

Figure 10. Repair area on cleaning days

To maximize the space and reduce non-value added activities related to movement and sustain the 5S
initiatives, the stations were reorganized with these recommendations.
• Rotate tables and separate half for each side.
• Create 4 corridors for mechanics to move and assign one space for each mechanic
• Standardize the required equipment for each workbench
The proposed station design is shown on Fig. 11.

Figure 11. Proposed area redesign

5.4 Validation
An Anova test was performed, as seen in Fig. 12, to evaluate if mean service time has improved. Since the
p-value is less than the 0.05 significance level, the average days a vehicle waits for a repair has been
reduced, meeting one of the project objectives.

Figure 12. Statistical inference analysis
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6. Conclusion
With the application of Lean Six Sigma tools, the service process for C-Auto had improvements in cycle
time, repair times, productivity, and flow. The results from this project once again prove that process
improvement can be performed in manufacturing and service facilities with ease. Table 5 shows all project
objectives were achieved and exceeded. As is the case in many projects, improvement is continuous, and
more activities to further make the process better remain to be done.
Table 5. Objective review table
Objective

Target

Before

Reduce the number of days it takes to repair a vehicle

5 days

6.02

4.3

3,900

3410
(70%)

3912
(80%)

Increase productivity by 10%

Achieved
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