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Abstract
This research suggests a way to improve customer satisfaction and quality of an automotive product based
on a support tool for the industry such as the Advanced Quality Planning (APQP) seeking to ensure the
quality and delivery on time and form of new or modified parts for a car, specifically, hoses. The overall
objective is to increase customer satisfaction regarding the quality of the hoses also looking at other
indicators within the production process and aftermarket hoses. The research focuses on a group of
products to a client relying on the stages of planning and definition, design and product development and
process validation of product and process, feedback, evaluation and corrective action that signals the
APQP. Finally, the application of techniques and statistical tools to monitor the various process indicators
such as graphs and balance scorecard allowed us to obtain evidence on indicators to assess product quality
and process.
KEYWORDS: customer satisfaction, quality, APQP.
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1. INTRODUCTION
One way to improve customer satisfaction and improve product quality, is using the process of the
Advanced Product Quality Planning, that is, a structured approach for defining and establishing the steps
necessary to ensure that a product meets the needs of a client. The purpose of this method is to facilitate
communication with everyone involved in the development of a product or service and ensure that all steps
required for production are completed in time (Mesa, 2000). APQP is used primarily in the automotive
industry to ensure quality and timely delivery of new or modified parts for a car in a new model. The goal of
APQP process is to ensure that all parts are on the vehicles comply with the design intent and goals of the
process capability.
2. LITERARY REVIEW
In 1994, there is the Planning Advanced Product Quality (APQP), which has become a standard for the
manufacturing industry, although it can be applied to any industry, through which new products are
introduced in the automotive market. This tool allows you to monitor the activities of the launch of products
for all providers of goods and services (Valencia, 2006). Its purpose is to produce a plan of product quality
to support the development of a product that meets customer. This makes focusing on the "up-front planning
of quality" and evaluating the output of the process to determine if customers are satisfied and support the
continuous improvement (Thisse, 1998). The APQP process includes 5 basic steps, which can be observed
in a more graphic in Figure 1: Plan and Define Program Design & Product Development, Design and
Development Process, Product and Process Validation and finally, the feedback and corrective actions.
The main advantages of this approach are: first, resources are always directed to customer satisfaction,
second, the required changes are identified early changes near or after to avoid product launch, third, it
delivers a quality product on time and at lower cost, fourth, image and reputation of the organization in the
domain of quality objectives to improve product quality, fifth, improving the role of company personnel
seeking to quality policy implementation (Valencia, 2006). Some of the goals of the fund's approach to
product quality are: effective communication with everyone who is involved in the scheme of
implementation, timely completion of required targets and risks related to minimum quality during the
product launch (Hidalgo, 2005). The APQP ultimately helps us to understand the types of controls that
enterprises should develop to ensure that defects do not reach the final customer, therefore when there is
good planning and deployment of all phases, the benefits for companies are enormous.
3. METHODOLOGY
The first step to study the methodology was to choose a product group from the same client and based on the
objectives, selecting historical data related to quality and delivery to check your results. Subsequently sought
to apply the methodology in detail and if that were not done, initiate corrective actions to continuously
improve the product according to the following phases:
Phase I - Planning and Definition
Stage describes how to determine customer needs to plan and define a quality program is basically designed
to ensure that customer needs are clearly understood. Figure 2 shows the main inputs that can give us this
process as well as the outputs that will later be the main entrances of the second stage. At this stage,
established a product roadmap that defined the market and target customers, the next step was to plan the
capture of customer needs of each development project. The main steps used for this first phase of APQP are
described below: Definition of the objective (target), verification of compliance with government
regulations and corporate requirements. The application of a benchmarking information we provided for the
establishment of measurable performance objectives. Once this is understood, we proceeded to search the
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list of materials for the construction of the product. At this stage we reviewed 3 phases: Decision dispensed,
the entry requirements of the client and feasibility assessment.
Phase II - Design and Product Development
This phase describes the elements of the planning process during which the features and design are
developed in a way close to what the customer ultimately required, is designed to ensure comprehension and
critical review of requirements of Engineering and technical information. The Product Design phase
transforms the objectives of quality, cost, weight, and function: Designs packing drawings of components
and process design. During this phase there are 5 Product Design concepts that impact directly on the
timeline and were taken into account: reliability engineering, predictive engineering, appearance and
packaging, total manufacturing involvement and reporting of data. The results of input and output of this
element can be seen in Figure 3.
At this stage the product was considered for environmental effects, wear and fatigue dimensional material,
the lifetime of the product (10 years or 150,000 miles), the effects of environment (climate, surface
conditions of the road), the effects of physical interfaces with neighboring components and systems, to
validate the design failure modes and associated causes. The Program Engineer (DSO) reviewed the
Customer Engineering department testing requirements for new products or changes to existing products.
Testing arrangements DV, PV or DC are reflected in the format ADVP & R (DVP & R). Subsequently, the
engineer Program DSO sends the Quality Engineer format ADVP & R (DVP & R) for programming the
required tests, either during the prototype stage (when required) and / or time of release of a new number
from or changes to existing products (PPAP). The Quality Engineer gives a copy of each ADVP & R or
DVP & R Lab. The quality engineer must verify with the MFD (Quality, Laboratory, Product Engineer, and
Process Engineer) required tests and lot size.
Third stage - Process Design and Development
At this stage describes the most important aspects of the development of a manufacturing system and its
related control plane for quality products, this stage is designed to ensure the development of an effective
manufacturing system as shown in Figure 4.
Packaging Standard
Fill out a form that contains the number of the part, the number of cash to use, the parts per box, filling the
leaf has to do in the production area floor and finish it and validate it for the responsible control display a
copy of documents controlled production, quality and product engineering keeping that copy the folder of
the product.
Mode and effect analysis of the failure of the process (FMEA) In this case, was incorporated for all products
and / or processes that have to be submitted or revised multidisciplinary teams should be made for the
Analysis of Failure Mode and Effects (FMEA) process at least once a year altogether. To start filling FMEA
should be developed and Flow Diagram or the corresponding process (Annex 1).
Evaluation of the measurement system
This phase will seek to have the baseline of the first differentiating process if the data to be discussed would
be continuous or discrete. Making this distinction is taken into account the following tools for the
measurement phase: R & R studies, normality test and calculation of process capability. As the main
characteristics to be measured in the product are the inner diameter and thickness of the hose, making a
study of R&R remain to be applied annually or in the following cases: when looking to improve the
measurement system, or there change in some variable (operator, instrument or new feature).
The process followed was: 1st. a trained person conducted the study, 2nd, in the area of operation of the
equipment or production line, out of 10 pieces, numbered 1 to 10 and is within the area to be measured
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(usually measurements should be taken by two or three operators). Once the pieces numbered and operators
proceed to take readings. The person who conducted the study took readings of the 10 pieces, each operator
separately, and at random, and once completed the readings with an operator proceeded to the following: 3
readings were taken of each piece and operator were recorded in a format (Annex 2). Calculations were
performed and the results obtained would take the following criteria: a) below 10% error, the measurement
system is acceptable. b) 10% to 30% error may be acceptable based on the importance of implementation,
cost of instrument repair costs, among others, c) above 30% error: the system isn’t acceptable, the system
measurement must be improved and should make an effort to identify problems and correct them. So for this
it was concluded and determined the following: a) if the R & R study is below 10% is OK, "requires no
changes or improvements" b) if the result of the study is greater than 10% but less 30% will conduct a
training operators to use the equipment and method of measurement, repeat the study and c) if the result is
above 30%, you should implement improvements and check if you are using the right equipment for
measurements. It was concluded that R & R study we indicated that the measurement system is good enough
to collect data in the process.
Processing instructions of the operator
These instructions describe in detail the controls and operating personnel actions should be performed to
produce quality products (Annex 3). The important part of this section is that any person in the organization
can understand these instructions and make a product that meets all the specifications required hoses. It was
defined that these instructions were developed especially for a process engineer and reviewed along with the
MFD in the first production run of product. The main areas to be placed within the work instructions were
defined by the functional team and decided that they were: a) details of the piece level and date of the
document, b) the name of who did and who approved the instruction, c) customer, part number, level and
date d) Work area e) number and name of the operation f) SPEC (ID hose) of the product that you apply to
instruction g) quality grades obtained in runs PPAP h ) and construction critical feature i) tooling used j)
components used in station k) Poke-Yoke key and description l) notes on the instruction, new or description
of the change. Finally, in the upper right corner was added the main failure modes that the product can, this
in order that potential defects observed in the product can be detected by the same worker during the
development of its operation.
Fourth phase - Product and Process Validation
At this stage describes the most important aspects of validation of the manufacturing process through
evaluation of a test run of production, this stage is designed to ensure control plans and flow charts are being
followed and the products meet customer requirements as shown in Fig. 5.
PTR Product Trial Run
It is a validation of the effectiveness of the manufacturing process and assembly process. This process is a
simple PTR production run called Run & Rate (this is to take time and achieve the standard of the products
in the time required according to quotation) and a Capacity Analysis Report. This part of the process was
determined that the Product Engineer and Process Engineer carry out a review of this issue and to verify key
aspects were: a) Number of stations and what kind of stations are, for further reference was necessary to
illuminate the workpiece drawing for switching stations b) parts per hour, this data is obtained by dividing
(3600 seconds in an hour) between the highest value of the stations listed above c) Daily capacity required,
this value is obtained the go ahead in the section cap / Day d) parts per hour in CMI system to query this
data log-duty CMI on the screen SRF2, 9, and place the number of operation which is interested in knowing
the standard and take the data that appears with the caption Units / hour (units per hour) e) parts per day, this
data is obtained by multiplying (parts per hour) x (15), f) Set of tools required. This data is obtained by
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dividing the required capacity between pieces per day, this value should be closed to units not accepted
fractions g) Number of staff, this data is removed from the CMI system, duty to consult this data logging in
WCC SRF2 screen, 9 and later put the number of spec and choose the number of operation which is
interested in knowing the number of staff to do is to take the data that appears with the caption "crew size",
this data can be view depending on the affected production requirement h) Productivity 70%, this value is
obtained by dividing the parts per hour between system parts per hour, then multiply by 0.7 i) cell Weather
data is obtained by dividing the required capacity between pieces per hour . Once validated that none of the
above has problems, we proceed to confirm the programming department that parts can be scheduled
according to the times required by the client as there will be no problem to meet production required on
order. Usually the end customer alsoperforms initial run in which reviews potential problems that may arise
in the process, following a methodology similar to that used above, however this isn’t a common practice so
this section is only considered as approved if all the above points don’t have a problem.
Production Control Plan
It is a written description of the systems for controlling parts and processes during full production. The
control plan is a living document and must be updated to reflect the addition, removal of controls (see
Annex 3). The product engineer in charge shall meet with the MFD to perform all. Control plans required by
the PPAP stage. Shall meet the increasingly cross-functional team is required to review a management plan
that is a new product, changing the process or customer complaint, as this is a dynamic document. The
product engineer will deploy a copy of the control plan through the area of document control. Any time you
suffer an update, the copy will be available in floor area: Quality inspection. Each team will have a voice for
and during the execution of this document. The multifunctional group must consist of at least one member
from each area (Quality, Materials, Production and Engineering).
Preliminary study of the process capability
This run significant should last one to eight and with a minimum amount of 300 parts consecutive unless the
customer specifications are different. All special features must be studied and have a Ppk> 1.67. This stage
is described as evaluating the product or service and is designed to assess the effectiveness of the efforts of
quality planning. For this stage statistical techniques were used as control charts and capability analysis to
identify process variation. At this stage the data are taken from the first production runs and corrective
actions were implemented to reduce variation. It must keep track of the critical characteristics defined by the
client and those critical characteristics identified by the MFD during the APQP process and must meet a Ppk
and Cpk ≥ 1.67 ≥ 1.33 for runs of 300 parts by part number and integrated in the PPAP (Annex 5). The
special characteristics identified as (through the symbols of features reviews from our customers) require
extra attention due to too much variation in them can affect the safety compliance, in the adjustment,
operation or quality the product in subsequent uses. The multifunction device must define the appropriate
statistical tool to use for new products, and the type of statistical technique is defined in the Control Plan, as
well as sampling and frequency to use for the control of the process / product. The operation of the process
where a statistical technique is applied must be identified with a sign containing the acronym CEP on the
production line.
In the development of new processes the Engineering implements the use of statistical technique when
critical features are defined. During the initial studies will analyze statistical data to determine the stability
of the process and preliminary skill Ppk> = 1.67 for later release into production. For a process should be
able to achieve a target of Cpk> = 1.33 with a normal distribution. Otherwise, corrective action must be
submitted according to procedures "Corrective Action" and "Preventive action" when using nonnormal data,
and a determination whether a process is achieving the requirements of customers, you should avoid using
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the index Cpk, but must be implemented technique PPM'so any parametric analysis. Multifunctional team
regularly meets to verify the change of statistical techniques being used in the process / product, or decide to
implement or omission of one, using disciplined techniques.
Guarantee presenting part (PSW)
PSW is a document sent to the client by the Quality Engineer is to verify that vendors indoor / outdoor meet
all design requirements, and that the processes have the ability to meet these requirements during a normal
production run / series. This is achieved by compliance with 1.2 and 3 phases of PPAP. All tests of loading
and test methods must ensure the protection of the product for damage in a normal transport and protect it
from environmental factors (Annex 6).
Fifth stage - feedback, evaluation and corrective action
Once the product is taken into account as approved for production, production areas verify the stability of
the process and note any significant change: failure of machine, material change, operator, among others, the
back of your production report and must also record the corrective / preventive actions relevant. It also
ensures that carried out the measurements of the product in their sizes and intervals. In the event that a
process or product being unstable, the areas of Production and Quality should initiate corrective actions and
/ or preventive action. In the event that the process is not capable, the area allocated to the functional team
convened to define and implement corrective actions and / or preventive action. Finally establishing a
lessons learned to prevent recurrence of problems previously experienced in new programs. Revisions are
four lessons learned during the product development process as an integral part of existing reviews of APQP
program. The supplier is requested to contribute to lessons learned based on additional knowledge of the
product. The direction of the MFD is to use information design FMEA and Process. The file must be
available for consultation at the Centre for Documentation, and shall be updated by the Engineer customer
care whenever there is a customer complaint or to generate a return of matter.
The next part to consider within the APQP is when the quality system has failed and the defects have
reached the customer. This requires developing a process that detail all actions taken both containment and
corrective and preventive purpose of which is that the defect can’t be seen again in the customer's location.
Once this process for any customer complaint has been closed, the Quality department personnel record the
lesson learned (Preventing) in the register of lessons learned and must follow the same procedure as an
internal problem, which is sent a copy of this record to Product Engineer responsible for the part number in
question for updating PFMEA. The Product Engineer records the lesson learned (preventive action) in the
PFMEA and Control Plan (if applicable) making sure to include the registration number of the lesson, RPN
update and deploy the updated document. The cycle closes when the update process engineer design
guidelines and recorded again in the format of the lessons that the departments will return to the mistake
happened that allowed to have an unsatisfied customer due to nonconformity in the product.
4. RESULTS
The initial description of the situation in the company considered products not meeting the expectations of
customers by having rejects and late deliveries. The first objective was to reduce the number of rejections of
hoses by end users, this lens we can measure it according to the number of customer complaints and external
parts per million. Data collected for this study were from the years 2008 and 2009 to be monitored more
attached to the APQP process in early 2008. Figure 6 shows that the highest peak of customer complaints
was in October 2008, after which data are observed only downward trend. Considering that in 2008 there
was an average of 7.08 compared with 1.0 complaints this year to reduce complaints by 86% to as I had
when there was not a correct implementation of the APQP methodology in some processes.
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The other indicator that can give us an idea of achieving PPMS goal is external, i.e. the total number of parts
or hoses to the end customer rejection of all parts that the company is sold, the result of this division must be
multiplied by the factor of a million. This indicator was monitored monthly and had to be in 2008 ended
with a PPMS above 200, this meant that in a million pieces that the company had sold about 200 products
that did not meet the quality required by the client end. As shown in Figure 7, for 2009 the situation changed
and there was a 90% reduction in this area, however the goal set to be a world class company PPMS should
be 10 per month, not far away to reach it but you should still have more work in the processes. The objective
was met but the MFD must make a detailed analysis of rejects area to decide where in the process should be
more emphasis on continuous improvement.
The 2nd objective was to reduce the number of rejections in the different processes and manufacturing steps
(PPM domestic). Once applied detection techniques and especially the validation of new products entering
the production line could lead to fewer rejections and hence these have more products that ended the process
with a high compliance with quality requirements. The internal rejections have decreased and the detection
of problems has increased as shown in Figure 8. In forming multidisciplinary teams solving problems has
seen a downward trend, it is perhaps to be expected in future as the industry is expected to be world class,
but can be regarded as the indicator of rejection internal a positive trend (reduction of rejections).
The 3rd. objective was to initiate mass production of new products according to the implementation
timetable times. For this purpose established the strategy of having a weekly meeting in which assembled all
responsible for each of the processes involved in launching the product, i.e. the MFD of APQP in that
meeting was followed up to the activities schedule event, each of the stages was monitored based on time,
the arrival of the tooling, the measurement system, the components of the product, which led to meet the
required time of submission products should be mentioned that the above amount of compliance was less
than 70%, i.e. only 7 out of 10 products were launched in time and therefore a delay in shipment dates. The
main factors affecting the achievement of this goal programming errors were mainly the lack of tool to
prepare the samples mainly due to monitoring with the provider and the lack of material to build the initial
samples is closely linked to the 1st. event.
Once corrective measures were applied to the three problems identified in the joints, the results were a
marked change. For the first event was held coordination between purchasing, production materials and to
establish dates, people and times for the runs of the first samples. Production schedules were held on Friday
and that same day, the APQP team was responsible for reviewing the availability of people, materials, time,
and place of work, among others. For the next week of production was carried out correctly. Monitoring was
conducted separately with the supplier of the tool by the purchasing department, new contracts were
established and scheduled dates for delivery of the tool depending on the complexity of design. Added to
this, work on finding new suppliers to avoid relying on one, in case any unexpected event happened. The
results were remarkably positive in 2009 compared with 2008 having a 95.83% compliance against an
82.5% (Figure 9), establishing a goal of 95% compliance for this indicator.
Submissions approved in time is another indicator that it was decided that measurement. The difference with
the previous indicator is that this is monitored clients pass on time so that the plant receives approval and
start mass production. Customers order hoses and the expectation of them is first taken into the time the
contract provides and the second meeting all the requirements that depend on them to start drawing requires
mass production of the products they produce. The submission is that the quality engineer checks that all
new components (if any) have been requested in a timely manner, with the shopping area, and it confirms
the date of arrival of samples and is responsible for carrying the first production out simultaneously with the
correct completion of documentation and then are sent to the customer together with the initial samples. If
the documentation with the product does not arrive in time, the customer discomfort is evident and affects
the field of satisfaction. That is why this indicator is taken into account in this project, the indicator is taken
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in a compliance rate of submissions approved. For this we can see in Figure 10 that the compliance rate that
existed in these products was about 85.83% for 2008, the company had various problems affecting the
performance of this indicator.
Reducing the amount of industrial waste originating from the production process of the hoses was taken as
the fourth particular objective. In this analysis of results shows the data from the product group that was
chosen for the implementation of APQP. The hoses had many flaws that increased industrial waste, which is
why it is confirmed that the process of APQP was not successful in developing these products. Once it
began to review the various stages that in late 2008, will begin to generate ideas and identify errors that may
have been controlled before. Mainly working on the leading causes shown in the chart below analyzes were
performed by the MFD and reported the main events and the frequency at which affected the four main
problems were identified in the curing area, (which are ovens where the hoses are shaped), because the
process is purely manual is the area where control is more difficult that the defects occur, but not impossible.
That is why the reduction of these defects is working in a training operators as well as in the definition of the
length of the preforms before passing through the curing process.
Once the actions were implemented, we proceeded to have a list of lessons learned that were used to
determine the actions and documents would be updated in order to leave evidence of actions and that the
problems could not be repeated. They work in preventive as well as detection measures to stop a process
capable of producing enough hoses with features that meet the expectations of customers. Thus, failure
modes, their severity, occurrence, actions, inspection frequencies and those responsible were recorded in the
major tools such as FMEA and APQP Control Plan for future products. The result of the analysis and to
work in the complete overhaul of the process was quite favorable to obtain a very significant reduction of
83% in costs (Figure 11).
Finally we focus on the relationship of increasing customer satisfaction making quality hoses that meet their
expectations, based on the use of the development phases of APQP. The answer can be seen in Figure 12,
for this was taken in what is commonly called the automotive Scorecard in which the score is carried along
with their suppliers and customers based on it are rated monthly, usually in these ratings are included to
assess aspects such as quality, delivery and cost. For this customer should be remembered that work
primarily on the quality and delivery of products as the cost does not affect this.
The procedure followed was to take a picture of how the company was in January 2009 and then after
reviewing the APQP process in the products of this client and implement corrective actions, take a picture
again in January 2010. This resulted in the top of the figure (in 2009) where you can see that 2008 presents
months in red and yellow which indicated that the company at that time represented a high risk to the client
and should be in state conditional. When this happens, usually the customer ceases to contribute new
products or projects and focuses on corrective action request to your provider that can minimize the impact
they are causing. The shares were to work in the four above objectives as customer complaints, internal and
external PPMS, submission of products and industrial waste.
Submissions time product had a significant improvement to increase the delivery rate of submissions of
82.5% to 95.8% and then give up the right for the customer to approve them in time, changing the indicator
of 85.83% to 99.17% of submissions that were given to the client. This was clearly reflected in the
Scorecard gradually changing supplier conditional preferred supplier to display every month of 2009,
counting on a green supplier customer satisfaction over 90, all confirm the hypothesis that working properly
in the process APQP is a product of a positive impact on improving customer satisfaction regardless of the
organization. Finally there is the recommendation to monitor directly to all customers of this company and
apply the same procedure, for it is a sort of internal Scorecard which will be filled by the quality department
where indicated should take into account the product quality, deliveries and deliveries are normal
submissions or requests. For this the company has issued monthly customers the results of its suppliers
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which must be verified and in turn reflected in the visual indicator is updated monthly should be for
customers who do not have a release of Scorecard results, will be established internal penalty criteria
including PPMS monitoring, complaints and deliveries which makes customer satisfaction then sorted it as a
visual indicator for employees in three main colors, red if a customer is in status "Not Preferred" , Yellow if
in status from "Conditional" and Green "Preferred" (Annex 7). This indicator should be posted in offices of
Management and places where it can be easily identified by employees and supervisors in order that they
can be integrated into the culture of care and customer satisfaction and better understand their participation
in the corrective actions lead to improve the performance of their areas and consequently the organization
where they work.
5. CONCLUSIONS
The purpose of this study was to investigate the impact of APQP as one of the best tools for quality planning
that leads us to have many advantages both internally and externally, as it is a structured approach that
defines and establishes the necessary steps to ensure a product that meets the customer. As was described in
this paper, this approach aims to facilitate communication with all stakeholders from different departments
to ensure that all required steps are completed on time. The advantage over other methods of APQP is that it
includes the methods and controls (i.e., measurements, tests) to be used in the production design of a product
or a specific family of products (parts, materials). In this methodology, quality planning embodies the
concepts of defect prevention and continuous improvement as contrasted with defect detection. That is why
this tool has become an industry standard by which new products are introduced into the automotive market,
but this work suggests that not only can be used in that field but in all companies seeking quality through
continuous improvement of everyday life and whose purpose is mainly to customer satisfaction.

Figure 1: Program quality planning
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Figure 2: Planning and program definition
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Figure 4: Design and development process

Figure 6: Customer complaints received 2008 and 2009

Figure 8: Internal PPMS 2008 vs. 2009
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Figure 10: Submissions approved 2008 vs. 2009

Figure 11: Results of Scrap 2008 vs. 2009

Figure 12: Example of Balanced ScoreCard Client 2008 and 2009
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ANNEXES

Annex 1. Mode and effect
analysis of the failure of the
process (PFMEA)

Annex 2. Measurement
Evaluation System

Annex 3. Work Instructions. Planning
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Annex 4. Production control plan

Annex 6. Part submission warrant
(PSW)
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Annex 5. Preliminary study of
process capability

Annex 7. Customer satisfaction
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