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Aimable, Sherrian S.  The Effects of Total Productive Maintenance on Cost Savings and 

Equipment Reliability  

Abstract 

XYZ Company has suffered substantial losses due to downtime of the blow molder at the facility 

being studied, mainly due to it being poorly maintained. This resulted in substantial downtime on 

the blow molder, challenges in meeting targets and low employee morale. 

While some preventative maintenance was being done on the blow molder, most of the repair 

work was reactive versus proactive.   

Total productive maintenance was the program chosen to increase the reliability of the 

blow molder, mainly because the program provides many benefits outside of equipment 

reliability.  Total productive maintenance also provides a learning platform for all involved, 

opportunities to work on cross function teams and by extension, an increase in employee morale. 

Minor stops and breakdowns, though not eliminated, were reduced significantly during the 

period studied.  Employees have a new found sense of ownership of the blow molder, focusing 

more on preventative maintenance.  The ability to work closely with maintenance technicians, 

supervisors and managers has shown operators that the company is invested in them and the 

success of the facility. 
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Chapter I: Introduction 

XYZ Company (name not disclosed to protect confidential information) is a global 

beverage company founded in the late 1890’s; at the time, producing only soda.  In time, XYZ 

Company increased its offerings to include other beverages such as water, juice and teas.  The 

company expanded in the 1960’s to a food and beverage company, by adding snacks to its 

portfolio, and has since increased its offerings of food and beverages through acquisition and 

strategic partnerships globally.  The company’s 50th anniversary of being a food and beverage 

company was celebrated in 2015.  XYZ Company boasts over $1 billion in annual sales on its 

flagship brand alone and employs approximately 264,000 employees worldwide. 

XYZ Company has expanded to include six global divisions, which individually or 

through partnerships, manufacture, market, distribute and sell very well-known brands of food 

and beverages across the globe. 

In order to continue to satisfy current customers and gain new customers, XYZ Company 

began to shift their focus to healthier options in food and beverages, consisting of increased 

options in water, including nutrient infused waters and teas, low sugar, low calorie and no calorie 

options for other beverages, and snacks with increased health benefits such as vitamins, minerals, 

fiber and protein.  In addition, XYZ Company has partnered with and acquired beverages for 

customers who prefer energy and coffee drinks.  Another niche market XYZ Company entered 

over the years, is that of sports drinks and protein bars.  This allowed XYZ Company to satisfy 

sports enthusiasts who require more than just water to re-fuel. 

XYZ Company also began to focus on niche markets such as gluten free, wheat free and 

natural options for snacks.  A particular focus was that of reduced sodium and saturated fats in 
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snacks, to ensure a broader range of customers could enjoy the snacks provided by XYZ 

Company. 

The acquisitions and partnerships were necessary to stay relevant in the food and 

beverage business, at a time when customers’ requirements were shifting to healthier options, 

and to also ensure that the company was profitable thereby ensuring that shareholders would 

continue to reap the expected benefits.   

With several manufacturing facilities around the world, XYZ Company is constantly 

looking for methods to produce efficiently while delivering quality products to the customer.  

Striving for world class manufacturing, XYZ Company has chosen total productive maintenance 

as the means to increased equipment reliability.   

The facility studied was on the beverage side of the business and manufactures flagship 

brands on a daily basis.  The campus sits on 418,000 square feet of land and houses 

Manufacturing, Sales and a distribution warehouse for the Midwest region.  Approximately 600 

employees ensure customers are satisfied by manufacturing and distributing a combined 22 

million cases of product annually. 

Attempts to implement a total productive maintenance program at this facility in the past 

has suffered for several reasons, including, but not limited to high management turnover, which 

has negatively impacted the ability to support and sustain the program.  High management 

turnover led to lack of employee involvement, which is important to the success of the program.   

Another reason for failure for past attempts of the program was lack of operator 

involvement in the maintenance process.  While total productive maintenance initiatives were 

usually driven by the maintenance department or a total productive maintenance support team, it 

was important for the operators who run the equipment daily to be highly involved in the deep 
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cleaning, inspection and basic maintenance process; operators have the most contact with the 

equipment and usually spot symptoms first.  If operators were involved in maintaining the 

equipment, they are able to fix minor issues before they become major issues.   

There were many consequences of not implementing the program correctly and 

maintaining it as needed, the most significant of which is the amount of downtime incurred 

because equipment was not maintained adequately.  This led to the facility’s inability to meet 

production attainment and efficiency targets. 

The current implementation of total productive maintenance at this facility is focused on 

two pieces of equipment, the labeler and blow molder.  Of the two, the blow molder was the 

focus of this study. 

Statement of the Problem 

XYZ Company has suffered substantial losses due to downtime of the blow molder at this 

facility, mainly due to it being poorly maintained. This resulted in substantial downtime on the 

blow molder, challenges in meeting targets and low employee morale. 

Purpose of the Study 

The research targeted the implementation of three pillars of total productive maintenance; 

autonomous maintenance, preventative maintenance and focused improvement of the blow 

molder.  Data collection was based on minor stops for the autonomous maintenance pillar, 

completion rates for the preventative maintenance pillar and simple root cause analysis and 

breakdown analysis for the focused improvement pillar. 

Data collection and analysis was completed with the goal of showing the benefits of total 

productive maintenance through reduction in minor stops; based on baseline data collected, 

improved problem solving through the simple root cause process and breakdown analysis, and 
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improved equipment performance through preventative maintenance completion tracking.  

Benefits expected include improved equipment performance and reliability, increased employee 

morale and a reduction in out of stock requests to other facilities.   

Assumptions of the Study 

 Several assumptions were made. First being the facility was participating in the total 

productive maintenance process throughout the study with the full support of the management 

team.  Also assumed was that operators, mechanics and all other employees at the facility were 

aware of the total productive maintenance endeavor.  

 Another assumption was that employees affected by the study and performed tasks 

following standard operating procedures.  Employee working hours were not changed during the 

study, and the facility operating hours remained the same as well.   

 Production schedules were not affected by the study, and followed the normal trend of 

following forecasting recommendations and changing schedules as necessary to satisfy 

customers.   

It was also assumed that the data collected represented real time data collected during 

scheduled production runs. 

Definition of Terms 

 Below lists several definitions of terms which will be useful in understanding parts of this 

study. 

Autonomous maintenance.  Operators and mechanics share the responsibility of 

maintaining the equipment.  As operators get proficient in operating equipment, they become the 

first line of defense against unplanned downtime (Molenda, 2016).  
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Breakdown.  A stop lasting several hours or more, requiring repairs and replacement of 

parts by a mechanic.  Parts my need to be ordered in this situation.  

De-palletization system.  A piece of equipment used to unscramble and load items onto 

another piece of equipment. 

Minor stop.  Any stop at a piece of equipment lasting ten minutes or less, with the issue 

being resolved by an operator.   

Mold.  A form, usually with a design on the inside, used to form the shape of an item. 

Original equipment manufacturer.  A manufacturer of parts that are used in other 

pieces of equipment. 

Parison.  A piece of plastic shaped like a tube with a hole in one end. 

Preform.  A tube-shaped piece of plastic that is reheated and exposed to high pressure air 

to form a bottle. 

Preventative maintenance. Scheduled maintenance based on recommendations from the 

equipment manufacturer (Graisa & Al-Habaibeh, 2011). 

Process upset.  Any stop at a piece of equipment that interrupts normal operations, 

usually involving replacement of parts and extended downtime.  This stop is usually greater than 

ten minutes and parts are replaced by a mechanic. 

Resin.  Plastic pellets used to form a parison or mold. 

Root cause analysis.  Investigating to ensure establishment of complete, fact based chain 

of factors, from the item with the least possible impact, to the item with the most possible impact 

(Latino, Latino, & Latino, 2011). 

Simple root cause.   A simplified process for getting to the real cause of a problem. 
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Thermoplastic.  Plastic that softens when heated and hardens when cooled.  This process 

is repeatable without damaging the plastic. 

Total productive maintenance.  Described as a partnership approach to operations 

within the organization, with the most focus placed on maintenance and production (Maggard & 

Rhyne, 1992). 

5-Why’s.  A simple thought process used to lead the participants thought process about 

the potential cause of a problem down to the root level (George, Rowlands, Price, & Maxey, 

2005). 

Limitations of the Study 

Data collection was limited to the blow molder at one facility and was focused on three 

pillars of Total productive maintenance including autonomous maintenance, preventative 

maintenance and focused improvement.  Data was collected between October 2016 and September 

2017. 

Methodology 

 XYZ Company needed to reduce the amount of downtime experienced at the blow 

molder.  Historical downtime data was retrieved during the period of high management turnover 

during 2015 and 2016, and compared to 2017 when the facility was fully staffed and Total 

productive maintenance was implemented at the blow molder with full operator involvement.  

The data was analyzed to show how the total productive maintenance process performed during a 

period of high management turnover as compared to when there was a full management team.   

 The autonomous maintenance process was also analyzed to show how taking a machine 

down regularly for cleaning, inspection and minor problem solving improved the performance of 

said machine.  The autonomous maintenance program consisted of four steps.  Eight sessions 
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consisting of 44 hours dedicated to the blow molder beginning with Step zero, where a charter 

for the team consisting of scope of model, role assignment to team members, and lock out tag out 

training for all team members.  Step 1 is the start of the deep cleaning process, defect 

identification, identification of centerline points, clean and inspect standard and the sort and 

shine steps of 5S.  A safety map is also developed in Step 1.  Team members also begin to 

identify hard to reach areas and sources of contamination on the blow molder.   Team members 

were required to complete an assessment at the beginning and end of Step 1, to ensure everyone 

was learning while working.  An audit was completed at the end of step 1 with a required 80% 

score to move onto step 2.   

 Step 2 consisted of team members continuing to identify sources of contamination and 

hard to reach areas, but also proposing and implementing solutions to make hard to reach areas 

more accessible and sources of contamination reduced.  This step also carried the requirement of 

closing 100% of all defects identified.  Requirements for passing this step were 100% 

completion of the generation of centerline points, clean and inspect standard 95% completed, and 

defects 100% eliminated.  Team members were also assessed at the beginning and end of Step 2 

to gauge knowledge gained and retained during the step. 

 Step 3 consisted of continuing to clean and inspect the blow molder, identifying and 

solving more sources of contamination and hard to reach areas, and introducing lubrication 

management of the machine.  It was expected that all lubrication defects found were repaired and 

the clean and inspect standard was expanded to include lubrication.  The knowledge of each team 

member was tested by assessments at the beginning and end of Step 3.  In order to pass Step 3 

and move into sustainment mode, defects found had to be fixed at 100%, minor stops had to be 
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reduced by 75% and lube related defects repaired at 100%.  A defect log was utilized to ensure 

all defects found were tracked and fixed.  

 The preventative maintenance on the blow molder was also analyzed to show that taking 

time to do the manufacturer recommended maintenance tasks improved the performance of the 

blow molder.  Preventative maintenance was tracked with and extracted from a company 

installed software program.   

 Simple root cause and breakdown analysis forms were used to satisfy the focused 

improvement part of the process. 

Summary 

 Research completed through the analysis of the autonomous maintenance – minor stops, 

preventative maintenance – reduced breakdowns and focused improvement pillars – problem 

solving was able to prove that several factors are important when implementing total productive 

maintenance at a facility.  These factors are the importance of management support for the 

program, the importance of shared responsibility for maintenance of the equipment, and the 

importance of getting to the root cause of an issue. 
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Chapter II: Literature Review 

XYZ Company suffered substantial losses due to downtime of the blow molder at this 

facility, mainly due to it being poorly maintained. This resulted in substantial downtime on the 

blow molder, challenges in meeting targets and low employee morale. 

The process of total productive maintenance has made a positive impact on the 

manufacturing industry since its introduction.  Total productive maintenance is described as a 

toolbox of effective methods used by managers to ensure the effective and continuous operation 

of machines (Molenda, 2016).  This chapter introduces total productive maintenance, and 

explains the history, pillars, and how the process impacts the business in general.   

The focus of this paper was on the application of total productive maintenance at the 

blow molder.  Discussion on the blow molder and blow molding process is also introduced.   

Total Productive Maintenance 

 All manufacturing facilities are seeking improvements and efficiency in their 

manufacturing processes and one way to do that is to reduce costs associated with maintenance 

and operation of equipment (Molenda, 2016).  Augustiady & Cudney (2015) described the goal 

of total productive maintenance as maximizing the effectiveness of plants and their equipment to 

ensure prime life cycle of machines. 

What is total productive maintenance?  Total productive maintenance is described as a 

partnership approach to operations within the organization, with the most focus placed on 

maintenance and production (Maggard & Rhyne, 1992).  Operators are encouraged to work 

alongside mechanics to care for equipment they are assigned to through cleaning, inspecting, and 

minor maintenance.  
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While the focus is mainly on production and maintenance, it is important to have support 

from the top down for the partnership to be successful. A significant part of this support is 

ensuring that employees feel empowered to take charge of their equipment, make 

recommendations as necessary and criticize in a positive manner when necessary without fear. 

Total productive maintenance does not only focus on the technical needs of the business, 

but focuses also on employee engagement beginning with operators all the way through to top 

management (Friedli, Goetzfried, & Basu, 2010). 

The foundation and history of total productive maintenance.  Beginning in a Japanese 

facility named Nippondenso, a part of Toyota in 1951 based on a concept brought from Dr. 

Edward Deming where the entire facility was part of a preventative maintenance program for 

automated processes.  Maintenance employees focused on the process, but were found to be 

spending a significant amount of time focusing on sustaining the process.  This brought on the 

operator involvement portion of total productive maintenance, where operators would take on a 

portion of the necessary maintenance.  Involving operators in the process brought many benefits 

including a reduced labor cost, operators being able to detect product quality issues before they 

are too far in the production process, increased knowledge of the machine in question, the ability 

to detect early onset issues before they become challenges, and freed up the maintenance team to 

focus on more complex issues and upgrades for equipment (Augustiady & Cudney, 2015). 

Soon after the introduction of operator involvement, preventative maintenance and 

autonomous maintenance were added in.  Preventative and autonomous maintenance combined, 

became productive maintenance; the goal was to ensure the maximum operational capacity of the 

equipment (Augustiady & Cudney, 2015). 
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5S is described as a process that encourages orderliness, cleanliness and discipline.  

Orderliness, which includes sort and set in order, promotes efficiency and effectiveness through 

a workload reduction and simplifying processes with the goal of reducing human error.  

Cleanliness, which consists of shine and standardize, ensures health and safety.  Discipline, 

which consists of standardizing, is accomplished through training and education to increase work 

quality and standards (Gapp, Fisher, & Kobayahsi, 2008). 

Main targets of total productive maintenance.  Targets for production included a 

minimum of 80% overall production effectiveness, and a minimum of 90% overall equipment 

effectiveness, and ensuring the machine kept running during lunch and other breaks.  Quality 

goals were to ensure the machine operated effectively enough so as to not generate customer 

complaints.  There was also an expectation of a 30% reduction in manufacturing costs.  

Customer satisfaction expectations for delivery consisted of a 100% delivery rate.  Safety 

requirements were to ensure an accident free environment.  Employee skill sets were also 

expected to increase during the process (Augustiady & Cudney, 2015).   

Goals and objectives of total productive maintenance.  Main goals of total productive 

maintenance are to reduce equipment downtime, mainly unplanned, ensure all departments are 

taking a team approach to equipment care and the reduction of defects found.  The objectives of 

total productive maintenance are to promote and ensure employee involvement, and most 

importantly, to improve the company’s competitiveness (Cudney, Furterer, & Dietrich, 2014)   

Pillars of total productive maintenance.  Total productive maintenance is based on 

eight pillars as shown in Figure 1, which all focus on preventative maintenance in their own way.  
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Figure 1. Pillars of total productive maintenance. (Augustiady & Cudney, 2015, p.13) 

Total productive maintenance begins with 5S, mainly because defects cannot be found in 

an unorganized work space.  It is not uncommon to find defects while completing the simple 

tasks of cleaning and organizing (Augustiady & Cudney, 2015). 

Autonomous maintenance focuses on ensuring operators feel empowered to clean and 

inspect their equipment and to complete minor maintenance tasks.  Goals for the autonomous 

maintenance process are the reduce defects found and ensure the uninterrupted operations of the 

equipment (Eti, Ogaji, & Probert, 2006).  

Kaizen translates to change for the better, and is based on small improvements which add 

up over time.  The targets are to reduce lost time due to minor stops, adjustments and 

measurements to zero, reduce defects and unplanned downtime to zero and to reduce 

manufacturing costs (Augustiady & Cudney, 2015).   

Planned maintenance strongly encourages teams to be proactive versus reactive to 

equipment issues, and focuses on both time and condition based maintenance.  Time based 

maintenance is performed at intervals while condition based maintenance is geared to frequently 

used and quickly worn out parts (Eti et al., 2006). 
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Quality maintenance aims for 100% customer satisfaction through defect free 

manufacturing with a focus on solutions for non-conformances found.  It is expected that the 

transition from reactive to proactive quality management will be made during this process.  

Targets for quality maintenance are zero customer complaints, a 50% reduction in in-process 

defects and a reduction in the cost of quality by 50% (Augustiady & Cudney, 2015). 

Training and education is the process of ensuring everyone involved in the total 

productive maintenance process has the necessary knowledge and training necessary to perform 

their roles as part of the team.  This ensures everyone is contributing to the process equally, and 

is able to function as needed (Augustiady & Cudney, 2015). 

Safety, health and environment; total productive maintenance promotes a safe and 

healthy work environment at all times.  This ensures all employees have the necessary protection 

equipment, is aware of all hazards and is able to react in an appropriate manner during an 

emergency. 

Total productive maintenance in administration is where the total productive maintenance 

process is applied to administrative functions.  There is a misconception that activities such as 

total productive maintenance can only be applied to the operations side of the business, and this 

is not the case.  While total productive maintenance was developed for the plant floor, it can be 

adapted to administrative functions (Augustiady & Cudney, 2015). 

How the pillars contribute to the business.  There are several benefits to the 

autonomous maintenance process, including expanding operators’ knowledge base about the 

equipment, ensuring equipment is kept clean and lubricated, spotting defects that, if not 

addressed, could lead to major breakdowns and overall increased equipment reliability 

(Molenda, 2016).  This ensures customers are able to be satisfied.  
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The preventative maintenance pillar reduces the amount of unplanned downtime 

incurred, allows for proper scheduling of necessary preventative maintenance related tasks and 

can also help to reduce the spare parts inventory if original equipment manufacturer 

recommendations are followed. 

Quality management contributes to the business by combining management commitment 

to the total productive maintenance process, training for employees on defect finding and 

employee engagement to find product defects as soon as possible (Cua, McKone, & Schroeder, 

2001). 

The early equipment management process facilitates any new piece of equipment getting 

up to speed quicker which leads to less downtime for a facility.  Any time a piece of equipment 

is down is a cost added to the facility. 

The benefits of training and education are realized through increased skill sets in 

employees, maintenance technicians and managers.   

Safety, health and environment ensures employees remain safe and the environment is 

not affected negatively (Prabhuswamy, Nagesh, & Ravikumar, 2013). 

Total productive maintenance in administration ensures the reduction of waste in 

administrative processes, and by extension, company resources (Prabhuswamy et al., 2013). 

What Contributes to an Ineffective Autonomous Maintenance Program? 

 Poor equipment conditions and an ineffective autonomous maintenance program can be 

caused by several factors, including employees who are not trained, and as a result, are not 

armed to perform to the best of their ability.  Another factor is that of having no maintenance 

standards, or not adhering to the set maintenance standards.  A company that has the culture of 

giving equipment attention only after it breaks down poses an issue, because at this point, the 



21 

equipment may be at a point of no return.  Other contributors to an ineffective autonomous 

maintenance program include lack of or poor quality tools and materials for team members and 

ineffective processes and controls (Rizzo, 2008).   

 Lack of management support and has also contributed to the failure of a total productive 

maintenance program.  If the management team does not have a clear understanding of the goals 

and functions of total productive maintenance, then they are not able to support the program as 

needed.  Companies must have a combination of management understanding, support and 

commitment to the program, and especially training for employees in order for the program to be 

successful (Attri, Grover, Dev, & Deepak, 2013). 

The Blow Molding Process 

 The blow molding process is an intricate one which changes the shape of a piece of 

plastic or glass.  The process is popular in the food and beverage industry to provide high quality 

storage containers for products.  (Lee, 2006) defines blow molding as the process of producing 

hollow or double walled objects by using thermoplastics.   

 History and types of blow molding.  The blow molding process started in the 1800’s in 

the baby rattle making business.  The first polyethylene bottle was produced in 1942.  This 

process is best suited for hollow containers where the design of the outside is an important 

feature.  Since inception, the blow molding process has introduced approximately 40 billion 

plastic bottles to the United States alone (Engineers Handbook, 2006)   

 There are various types of blow molding processes available, depending on the product 

needed.  Extrusion blow molding is where plastic is heated in an oven, dropped into a mold and 

pressurized for stretching.  The plastic is takes the shape of the mold, is cooled rapidly and exits 

the mold (Engineers Handbook, 2006).  
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Injection blow molding can be considered a hybrid of blow molding.  This process begins 

with molten plastic being introduced to a cavity where the neck and weight of the container are 

both defined.  After this, the process reverts to the blow molding process described above.  The 

difference between the two processes is that the weight of the product from the blow molding 

process only is predefined, whereas the weight can vary as needed in the injection blow molding 

process (Engineers Handbook, 2006). 

Injection blow molding is recommended for products where tolerances in the neck and 

closure threads are important and is also used for larger bottles (Lee, 2006).   

Stretch blow molding, came into the market mainly for the beverage bottle.  During the 

process, a plastic container is produced by stretching the preform horizontally and vertically 

while blowing the preform into its final shape.  The mold is heated, placed into a mold, blown 

and cooled (Lee, 2006). 

Blow molding – the basic process.  The blow molding process allows the production of 

plastic products at an economical cost, in a wide variety of designs, in unlimited quantities and 

with no finishing work.  A softened thermoplastic shape is inflated inside a cooled mold. The 

expanded thermoplastic shape becomes a solid hollow item in the shape of the mold.  The 

surface is usually smooth and contain any designs imprinted into the mold (Rosato, Rosato, & 

DiMattia, 2004). 

Summary 

 Manufacturers are constantly seeking methods to remain relevant in an ever-evolving 

environment.  Customer needs change constantly which requires companies to be able to deliver 

products quicker and with higher quality.  One of the ways to ensure equipment is able to deliver 
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when necessary is to maintain the equipment as best as possible and to train the persons 

operating and fixing the equipment. 

 Total productive maintenance has provided an organized method for caring for both 

equipment and people in the same process, while ensuring business continuity and keeping a 

competitive edge.   

 Once there is management support and understanding of the goals of the total productive 

maintenance process, launching the initiative is relatively easy.  The biggest challenges faced are 

leading employees through the necessary culture change, and keeping everyone engaged and 

motivated.   

 If the human aspects of the program are managed appropriately, taking the equipment 

through the necessary steps of the total productive maintenance program become easy.  The 

benefits experienced are not only financial and equipment related; but employee related as well.  

A value cannot be placed on the massive positive change in the culture or the sense of ownership 

employees feel when fully invested in the process.   
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Chapter III: Methodology 

XYZ Company suffered substantial losses due to downtime of the blow molder at the 

facility being studied, mainly due to it being poorly maintained. This resulted in substantial 

downtime on the blow molder, challenges in meeting targets and low employee morale. 

The purpose of the study was to analyze the effects of a total productive maintenance 

program on equipment performance and XYZ Company’s potential cost savings through reduced 

downtime.  XYZ Company was in the process of applying total productive maintenance to two 

pieces of equipment, the labeler and blow molder, but the focus of this study was the work done 

on the blow molder. 

Department Description 

 The blow molding department was established in 2012 and consists of a labeler and blow 

molder.  Bottles are blown using the blow molder, and labels were put on at the labeler before 

being fed to the production line.  Prior to that, a bottle de-palletization system was used to feed 

bottles onto the production line. Bottles were delivered to the facility already blown and labeled 

and were fed to the production line using the de-palletization system.    

 Developing the room involved significant capital investment, but was necessary because 

of the shifts in the industry to blow molding machines, and the waste savings offered.  

Instrumentation 

 The foundation of the data analysis procedure was based on the collection of downtime 

from the blow molder, for the autonomous maintenance section of the process.  The blow molder 

uses a Windows-based computer system to record all stops at the machine.  The data collected 

was analyzed for trends throughout the problem-solving process. 
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Data Collection Procedures 

 Data was collected under several assumptions, including, that the facility was 

participating in the total productive maintenance process throughout the study, also the most 

recent implementation of the total productive maintenance process would show improved 

performance in the blow molder, increased participation by operators, increased employee 

morale and greater improvements in the preventative maintenance process through increased 

completion rates, and finally, that the blow molder team would utilize the tools available in the 

focused improvement pillar such as the 5 why’s and root cause analysis to solve the problems 

faced by the team.  Baseline minor stop data was collected over a three-month period and used as 

a benchmark to set the required reduction in minor stops as part of the autonomous maintenance 

process.  Minor stops were captured using a Windows-based computer system built into the blow 

molder and was downloaded daily.  Data was collected for all production shifts Monday through 

Saturday, and also on Sundays when production was run. 

Minor stop data, related to autonomous maintenance was collected from the blow molder, 

and was transferred to the minor stop data collection template in Figure 2.   

Date Error Description Duration 
(mins) 

   
   

 
Figure 2. Minor stop data collection template. 

Data collected from the blow molder was the date of the stop, error description, which is 

a short explanation for the stop, and the duration of the stop.  Data was manipulated using the 

format in minor stop data collection – step data template in Figure 3.   
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Week # # of 
Stops 

Average # of 
Stops Step 1 Step 2 Step 3 Baseline 

              

              

Figure 3. Minor stop data collection - step data template. 

The week of the year, number of stops during that week, the average number of stops per 

days of production, the step of the autonomous maintenance program the team was in and the 

baseline decided upon were all used to generate the minor stop data template in Figure 4. 

 
 
Figure 4.  Minor stop data template. 

The minor stop data template in Figure 4 was an excel graph used to display the 

progression of the autonomous maintenance team in the reduction of minor stops, as compared to 

the baseline from steps one through three.   

 Minor stop data was sorted from the most frequent to the least to ensure team members 

had a starting point for eliminating stops.  
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Fault Average # of Stops Per Week 

    

  
Figure 5. Minor stop top loss template. 

 The why-why-tree diagram template in Figure 6 was used as a tool to organize thoughts 

when problem solving in a group setting such as a kaizen event.  The diagram was populated 

during the brainstorming session to ensure all ideas were captured and organized as best as 

possible. 

 
 
Figure 6.  Why-why-tree diagram template.  

 The 5-why form in Appendix A was used by individuals charged with solving problems 

which occurred during production runs, where kaizen events are deemed an unnecessary use of 

resources. 

Item Identified 
By Date Identified Date 

Resolved Comments 

          

          

          

Figure 7.  Blow molder defect list template. 

If the "should" state/value does not = the "actual", mark with X

A = What state/value the variable ACTUALLY is S: If the "should" state/value = the "actual", mark with a 

A: If you cannot determine if the should = actual, mark with a ?

S: S: S: S:

A: A: A: A:

S: S: S: S: S: S:

A: A: A: A: A: A:

List problem/cause variable in top of box

S = What state/value the variable SHOULD be
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The blow molder defect list template in Figure 7 was used to collect and track defects 

found by team members throughout the autonomous maintenance process.  Defects were noted 

and tracked whenever a team member found something that needed to be fixed on the blow 

molder. 

Data Analysis   

 The data was analyzed to understand the triggers for increases in minor stops and causes 

for breakdowns.  Analysis was also done to understand the correlation between the autonomous 

maintenance, focused improvement and preventative maintenance processes and the 

functionality of the blow molder.  Blow molder downtime was linked to potential savings 

through reduced downtime.   

 
 
Figure 8.  Trigger matrix.  

The simple root cause or breakdown analysis form in Appendix B, why-why tree diagram 

template in Figure 6 and 5-why form in Appendix A were used as tools to determine the root 

cause of downtime that hit the triggers described in the trigger matrix in Figure 8.   

Category Type Threshold Action Timing
Incident 5 Why 1 Day
Recordable SRC 1 Week
>=1 cs 5 Why 1 Day
>=50 cs SRC 1 Week

Minor Stops
<10 min & No 

Parts
>=10 per shift SRC 1 Week

>=30 min SRC 1 Week
>=10 per shift SRC 1 Week

Breakdown
Parts Needed

>=120 min BDA 1 Week

Start Up <=50% 1st hour SRC 1 Week

Efficiency Process Upset
>=10 min & 

Safety Accident

Quality Hold
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The trigger matrix in Figure 8 determined the way forward in the problem-solving 

process.  A safety incident on the plant floor required the completion of the 5-why form within a 

day of the occurrence.  An injury that was recordable based on Occupational, Safety and Health 

Administration requires a simple root-cause form be completed within one week of the 

occurrence. A quality hold between one and 49 cases required a 5-why form be completed within 

one day of the occurrence.  A quality hold 50 cases or more required a simple root-cause form be 

completed within one week of the occurrence.  

 Minor stops of ten minutes or less, where no parts replacement was necessary, which 

happen ten times or more per shift require a simple root cause form be completed within one 

week of the occurrence.  A process upset, where downtime was greater than 30 minutes, and no 

parts replacement was necessary, required a simple root cause form be completed within one 

week of the occurrence.  A breakdown, where parts replacement was necessary and lasted greater 

than 120 minutes required a breakdown analysis be completed within one week of the 

occurrence.  A start up first hour efficiency of 50% or less required a simple root cause form be 

completed within one week of the occurrence.  Start-up is defined as any start after a weekend 

shut down, and a package size changeover.   

 All focused improvement problem solving tasks were assigned based on the department 

where the trigger was hit and was assigned to a department supervisor or manager.  The focused 

improvement process was expected to contribute significantly to increased employee morale, 

coupled with the autonomous maintenance process. 

 Figure 9 shows a schedule attainment template which was a direct link to a reduction in 

out of stock requests to other facilities.  The production schedule is set weekly based on sales 
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forecast for market needs is distributed to the production team for execution.  Schedule 

attainment of at least 95% is imperative to ensure customer satisfaction. 

Date  Plan Achieved Completion 
% 

    

Figure 9.  Schedule attainment template. 

Limitations 

Data collection was limited to the blow molder at one facility and was focused on three 

pillars of total productive maintenance including autonomous maintenance, preventative 

maintenance and focused improvement.  Data was collected between October 2016 and 

September 2017.  

Summary 

 This chapter focused on the methods used for data collection to evaluate how the 

autonomous maintenance program affected the functionality of the blow molder and the possible 

cost savings attached to reduced downtime.  Tools were used to trouble shoot problems that 

arose during the day to day operations of the blow molder and how teams consisting of 

operators, mechanics and managers were able to increase their involvement in the problem 

solving process.  The next chapter will review the results of the total productive maintenance 

process via the data collected throughout the autonomous maintenance, focused improvement 

and preventative maintenance pillars. 
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Chapter IV: Results 

Chapter III discussed the methodology used to show the effect a total productive 

maintenance program on equipment performance and XYZ Company’s potential cost savings 

through reduced downtime.  Data collection also was expected to show benefits of improved 

equipment performance and reliability, increased employee morale and a reduction in out of 

stock requests to other facilities.  This chapter will review the results of chapter III and discuss 

the story the data tells. 

The autonomous maintenance process began during the week of October 31, 2016 and 

the process consisted of an eight-hour planned downtime event where operators, maintenance 

technicians and the management team would clean and inspect the machine. 

Data Collection and Analysis 

 Sample data was collected during the month of October 2016 to determine the minor stop 

baseline, which was Step zero of the process.  The baseline determined the various minor stop 

step goals.  Step 1 was a 75% reduction of the baseline, which was 3.39 stops per shift. Step 1 

also focused on the initial cleaning and inspecting of the machine, training employees and 

finding defects.  Step 2 was a 60% reduction of step 1, which was 2.26 stops per shift and also 

focused on creating centerlines for the machine, and clean and inspect procedures.  Step 3 was a 

50% reduction of Step 2, which was 1.13 stops per shift.  Step 3 also focused on everything done 

in the previous steps, in addition to lubrication of the machine. 

Table 1 shows a sample of the minor stops collected from the blow molder.  Stops which 

were at or above 10 minutes were considered outliers and dropped from the sample based on 

guidelines in the trigger matrix.  An extended sample of minor stops is shown in Appendix C.  
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Table 1 

Minor Stop Data Collection  

Date Error Description Duration (mins) 
4-Oct Heating fan controller not ready 0.5 

  Preform temperature outside range 1.5 

  Error, heater box temperature 0.43 

  Error, heating boxes 1 

  Flow monitoring, cooling water 0.65 

Raw data collected was manipulated and plotted based on the data in Table 2, which 

shows data for Step 1 of the autonomous maintenance process.  The Step 1 period averaged 2.28 

stops per shift, which was below the autonomous maintenance goal of 3.39 stops per shift for 

Step 1.  Step 2 saw an average of 1.8 stops per shift, which was below the target of 2.26 stops per 

shift.  Step 3 was faced with challenges and netted out at 5.8 stops per shift which was above the 

Step 3 goal of 1.13 stops per shift. 

Table 2 

Minor Stop Data Collection – Step Data 

Week # # of Stops Average # of Stops Step 1 Step 2 Step 3 Baseline 

31-Oct 99 5.82 3.39 2.26 1.13 4.52 

7-Nov 44 3.67 3.39 2.26 1.13 4.52 

14-Nov 23 1.35 3.39 2.26 1.13 4.52 

21-Nov 2 0.33 3.39 2.26 1.13 4.52 

28-Nov 35 2.06 3.39 2.26 1.13 4.52 
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 Data was plotted on the minor stop data graph in Figure 10 to show the trends in minor 

stop data collected over the period October 2016 through September 2017.  Beginning the week 

of November 14, 2016 through January 30, 2017, the blow molder continued to perform below 

the Step 1 goal of 3.39 stops per shift.  The blow molder was re-built during the week of 

February 6, 2017, a week long significant investment in new parts and training for operators and 

maintenance technicians. 

 

Figure 10.  Minor stop data.  

 Minor stops spiked in the weeks following, triggering 3 simple root causes between 

February 27 and May 1, 2017.  The first simple root cause was completed by a supervisor on the 

increase in minor stops during the week of February 27, 2017 to March 4, 2017, in relation to 

blowing pressure outside range.  It was found that there was debris inside the pressure regulator, 

coming from the compressor causing the pressure regulator to become defective.  The regulator 
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was replaced and a filter was added to prevent debris from the compressor getting into the blow 

molder.   

 The second simple root cause was completed by a supervisor and two managers around 

preform loading faults.  Several issues were found including a bad air cylinder and a broken rail.  

These defects were fixed and the problems were solved. 

The third issue required a kaizen event; jams at the discharge of the machine.  A team of 

operators, maintenance technicians, supervisors and continuous improvement experts got 

together to discuss the challenges faced.  The event allowed the team to dig deep into the 

discharge jams and plan the way forward.  The why-why tree diagram in Figure 11 was 

generated during the initial brainstorming session, and raised several potential issues with the 

blow molder including the photo eye at the bottle ejector being blocked and that the outfeed 

conveyor could be the cause of the issues.  The root cause analysis process was used, and the 

simple root cause form in Appendix B was completed.  
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Figure 11.  Why-why tree diagram. 

 Maintenance technicians and operators returned to the machine after the kiazen event and 

meticulously checked all possible issues such as possible issues as listed on the why-why tree 

diagram in Figure 11, including possible issues with the kicker, photo eye, rail settings and the 

condition of the neck guide material.  After ensuring all was working well and making necessary 

fixes, minor stops reduced to below the Step 2 goal of 2.26 stops per shift.  The weeks following 

saw another increase in minor stops on the blow molder, and the decision was made to bring a 

technician from the manufacturer because the minor stops were due to discharge jams which 

were not solved with fixes by the in house team.  Unfortunately, minor stops were 5.8 stops per 

shift at the end of Step 3, which was above the required 1.13 stops per shift due to the challenges 

with discharge jams.  The discharge jam issue was transferred to the equipment manufacturer for 

further investigation.   
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It was decided by the regional total productive maintenance team that the discharge jam 

issue was beyond the scope of the local tem and would not count towards passing Step 3.   

Instead, the local team was assessed on other major minor stop reductions achieved, such as 

mandrel monitoring fault, mold not closed and error, heating boxes.  Table 3 shows the faults 

experienced with the most common first.  Mandrel monitoring faults was reduced from 15 to 

zero; mold not closed was reduced from seven to one, and error, heating boxes was reduced from 

seven to one as well.  All reductions were done from October 2016 to September 2017.  Bottle 

jam before bottle gripper and clutch bottle discharge wheel errors are both direct links to the 

discharge jams experienced and were not reduced significantly enough by the end of the study 

period. 
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Table 3 

Minor Stop Top Loss 

Fault Average # of Stops Per Week 

Mandrel monitoring 15.0 

Bottle jam before bottle gripper 7.3 

Mold not closed 7.0 

Error, heating boxes 7.0 

Clutch, bottle discharge wheel 6.0 

Load without preform 5.8 

Error, heater box temperature 3.8 

Preform temperature outside range 1.0 

Stretching system not in upper 

position 
0.5 

Heating fan controller not ready 0.5 

Cooling water temperature outside 

range 
0.5 

Blowing pressure P2 outside range 0.5 

Flow monitoring, cooling water 0.3 

Bottle jam under transfer station 0.0 

Blowing pressure P1 outside range 0.0 

 Throughout the autonomous maintenance drumbeat process, all team members were 

required to find defects at the blow molder, to ensure minor issues did not escalate into bigger 

issues.  Table 4 shows a sample of several defects were found throughout the process with a 
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resolution rate of 91%.  The finding of defects and fixing them in a timely manner contibuted to 

a reduction in breakdowns and ensured the blow molder ran smoothly.  An extended list of 

defects found is available in Appendix D. 

Table 4 

Blow Molder Defect List 

Item Identified By Date Identified Date Resolved Comments 

Excess grease under turret Supervisor 10/24/16 3/21/17 Resolved 

Nozzles 14 and 22 worn Operator 11/5/16 11/5/16 Checked as needed 

Jog remote damaged Operator 11/11/16 11/14/16 Waiting for parts  

No hot water in sink Operator 11/11/16 1/13/17 Fixed   

Shavings on wheels Operator 11/11/16 2/10/17 Moved to SOC list   

Arms out of place Operator 11/14/16 11/14/16   

Tanner system damaged Operator 11/14/16 2/3/17  Question list 

Cond. hose missing  Manager 11/14/16 12/13/17   

 Initially, employees were skeptical about the autonomous maintenance process and the 

benefits expected.  Management’s commitment to the process was shown through shutting down 

the line for eight hours at a time, attending and participating in the downtime events, and training 

with employees.  The management teams’ efforts proved fuitful based solely on the participation 

levels from operators and technicians in finding and fixing defects, participation in the kaizen 

event, and also cleaning and inspecting the blow molder during every down time event.  

Operators continued to find and fix defects outside of the downtime event.   

 The finding and fixing of defects also acted as early defense against major breakdowns, 

which took the line down sometimes for shifts at a time.  A breakdown analysis for the months 
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of October to December 2016 showed there were five breakdowns which took the line down for 

52 hours over the three month period, an average of 17 hours per month.  January through 

September 2017 recorded two breakdowns which took the line down for 35 hours, an average of 

four hours per month.  The increased production time in 2017 also allowed the company to better 

serve customers. 

Table 5 

Schedule Attainment 

 Date Plan Achieved Completion % 

Oct-16 567,254 537359 95% 

Nov-16 531,509 551,961 104% 

Dec-16 446,635 454,670 102% 

Jan-17 415,276 398,895 96% 

Feb-17 427,445 300,851 70% 

Mar-17 586,708 520,344 89% 

Apr-17 588,536 472,369 80% 

 Schedule attainment was sporadic from October 2016 to May 2017.  The noteworthy 

outliers are February and April 2017, when the blow molder was re-built and minor stops spiked 

because of discharge jams.  From May to September 2017, schedule attainment settled into the 

90% range, which allowed for more dependable service to the market.   

Employee Morale 

 Total productive maintenance has many benefits, especially that of increasing employee 

morale through empowerment.  Throughout the process, operators, maintenance technicians, 

supervisors and managers worked together as a team to eliminate the uncertainty that 
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accompanied a poorly maintained machine.  The autonomous maintenance and focused 

improvement programs brought teams together from all levels of the organization chart, to work 

together on one goal.  Machine operators took greater responsibility for their machines and 

worked closer with maintenance technicians on preventative maintenance.  The end result was 

the formation of a learning culture; where employees ask questions, contribute to problem 

solving as individuals and in cross functional teams and encourage continuous improvement. 

Downtime Reduction 

 Although Step 3 was challenging for minor stops because of discharge jams, the team 

managed to reduce other causes of minor stops and breakdowns significantly.  With the 

reduction in minor stops and breakdowns, operators and maintenance technicians are able to 

focus more on preventative maintenance and are proactive more than reactive to machine defects 

that could potentially take the machine down.   

Summary 

 The facility faced several issues including major breakdowns at the blow molder which 

affected the facility’s ability to supply the market.  The total productive maintenance process, 

especially the autonomous maintenance, focused improvement and preventative maintenance 

pillars played a significant role in getting the blow molder back on track.   

 Work done during the autonomous maintenance process provided the opportunity to get 

ahead of small issues, which, if left untreated, could evolve in to bigger issues.  The focused 

improvement process was able to bring the teams together to make an attempt at finding the root 

cause of discharge jams.  The next chapter will discuss recommendations for the way forward. 
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Chapter V: Discussion, Conclusion and Recommendations 

XYZ Company has suffered substantial losses due to downtime of the blow molder at the 

facility being studied, mainly due to it being poorly maintained. This resulted in substantial 

downtime on the blow molder, challenges in meeting targets and low employee morale. Research 

targeted the implementation of three pillars of total productive maintenance; autonomous 

maintenance, preventative maintenance and focused improvement of the blow molder.  Data 

collection was based on minor stops for the autonomous maintenance pillar, completion rates for 

the preventative maintenance pillar and simple root cause analysis or breakdown analysis for the 

focused improvement pillar.   

Discussion 

 Chapter I described XYZ Company, how it started and the transformation that made it 

into the business it is today.  Also covered were challenges faced with implementing a total 

productive maintenance program at the facility.  The blow molder being studied broke down 

continuously and cost the company severely in labor, lost sales and replacement parts.  The 

opportunity came to implement total productive maintenance on the line, and the blow molder 

was chosen by the management team as the focus of the improvement process. 

 Chapter II consisted of a literature review of the two main topics of the research, total 

productive maintenance and blow molding.  The literature review provided an understanding of 

the topics by exploring the origins and theory behind the topics, and their application.  Chapter II 

also included definitions of terms used throughout the study. 

 Chapter III provided a detailed explanation of the methodology used to analyze the total 

productive maintenance program at the blow molder.  A description of the department was given, 

the instrumentation and data collection tools were discussed.  Finally, the data analysis procedure 
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reviewed, in addition to how the data would be analyzed to find solutions.  Focus was on the 

collection of minor stop data, and its effects on the business.  Also taken into consideration was 

how the focused improvement pillar brought teams consisting of operators, maintenance 

technicians, supervisors and managers together for focused problem solving sessions. 

 Chapter IV discussed the effects of the total productive maintenance program on 

equipment performance and reliability, the expected increase in employee morale and the ability 

to better serve customers.  Downtime and breakdowns were analyzed and correlated to schedule 

attainment. The steps of the total productive maintenance process and the minor stop goals for 

the various steps were discussed.  Step 1 was a 75% reduction of the baseline, which was 3.39 

stops per shift. Step 1 also focused on the initial cleaning and inspecting of the machine, training 

employees and finding defects.  Step 2 was a 60% reduction of step 1, which was 2.26 stops per 

shift and also focused on creating centerlines for the machine, and clean and inspect procedures.  

Step 3 was a 50% reduction of Step 2, which was 1.13 stops per shift.  Step 3 also focused on 

everything done in the previous steps, in addition to lubrication of the machine. 

Limitations 

Data collection was limited to the blow molder at one facility and was focused on three 

pillars of total productive maintenance including autonomous maintenance, preventative 

maintenance and focused improvement.  Data was collected between October 2016 and 

September 2017. 

 Limitations had a positive effect on the study, in that; it limited the scope of study to one 

piece of equipment during the chosen timeframe.  This allowed for better focus on the total 

productive maintenance process and its effects on the performance of the blow molder.   
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The timeframe chosen was ideal because it covered the start of the total productive maintenance 

program until the end. 

Conclusion 

 The total productive maintenance process began with minor stop data collection which 

was used to set a baseline for minor stop reduction.  The baseline calculated after one month of 

data collection was 4.52 stops per shift.  The Step 1 goal was 3.39 stops per shift; the team 

passed Step 1 at 2.28 stops per shift.  The Step 2 goal was 2.26 stops per shift; the team passed 

Step 2 at 1.8 stops per shift.  The Step 3 goal was 1.13 stops per shift; the team did not pass Step 

3 immediately because of a spike in minor stops due to discharge jams at the blow molder 

outfeed.  Unfortunately, minor stops were 5.8 stops per shift at the end of Step 3, which was 

above the required 1.13 stops per shift due to the challenges with discharge jams.  The discharge 

jam issue was transferred to the equipment manufacturer for further investigation.   

It was decided by the regional total productive maintenance team that the discharge jam 

issue was beyond the scope of the local tem and would not count towards passing Step 3.   

Instead, the local team was assessed on other major minor stop reductions achieved, such as 

machine loading without preforms, molds not closing and mandrel monitoring faults. 

While minor stops were not below the Step 3 goal at audit time, the number of 

breakdowns were significantly reduced from an average of 17 hours per month to four hours per 

month.  This meant that the line went down for significant periods of time, less frequently. 

 At the end of the process employee morale proved to increase based on participation 

levels in the weekly autonomous maintenance drumbeat, the amount of effort all team members 

put into the kaizen event held to analyze discharge jams at the blow molder, and the team 
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member self-assessment results.  Weekly autonomous maintenance events saw participation 

from managers, supervisors, machine operators and maintenance technicians.   

The management team ensured there were always at least two managers at every event, 

showing support and engaging in cleaning and inspecting the equipment.  The supervisor 

responsible for the line was expected to participate as well, and ensure machine operators had all 

tools needed for a successful event.  Machine operators and maintenance technicians had specific 

tasks assigned for each event, which consisted of preventative maintenance tasks, cleaning and 

inspecting.   

The kaizen event held to find the root cause of discharge jams at the blow molder saw 

participation from several managers, including a regional total productive maintenance manager, 

maintenance and production supervisors, a process improvement engineer and every operator 

and maintenance technician on the team.  The number of ideas brought forward during the 

brainstorming process was significantly higher than expected, and a why-why tree was populated 

to ensure ideas were kept in order and were pursued based on priority.  While the in-house team 

was not able to completely solve the issues with discharge jams, the kaizen event was a catalyst 

for improving the relationship between all parties involved.   

It was decided that the issues causing the discharge jams were beyond the scope of the 

internal team, and as a result, the original equipment manufacturer was called in to manage 

through the issues.   

 Individual self-assessments were completed at the start and end of each step of the 

autonomous maintenance drumbeat process.  The self-assessments were team members’ rating 

their skill levels on understanding the requirements of each step and why it was necessary.  The 

assessment was done at the beginning and end of the steps to ensure there was in increase in the 
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participants’ knowledge base at the end of the process, and as expected, every team member 

scored higher at the end than they did at the beginning of the step. 

Recommendations 

 An important outcome of the autonomous maintenance process is the participation from 

managers, machine operators and maintenance technicians throughout the steps.  The next step 

of the process is ensuring the improvements made are sustained.  Employees felt a sense of 

ownership and responsibility when participating in problem solving, being asked for 

recommendations on the way forward, cleaning and inspecting alongside managers and 

supervisors.  It is recommended to continue the downtime event where all parties involved can 

get together and continue to care for the blow molder. 

 Because of the jams at the outfeed of the blow molder, operating the machine at rated 

speed is not possible.  As a result, the line is not being fully utilized and capacity is still 

available.  The facility is not able to compete with other facilities for products until the issues are 

corrected.  The original equipment manufacturer should be held accountable for solving the 

issues in a timely manner, to ensure production is returned to normal levels. 

 Preventative maintenance played a significant role in ensuring the blow molder ran well, 

despite the issues with jams at the outfeed.  It is recommended that the maintenance technicians 

continue to follow the manufacturer recommended preventative maintenance steps for success in 

the future. 

 The benefits of the autonomous maintenance program go beyond the equipment.  It is 

recommended that the program be extended to other pieces of equipment on the line such as the 

case packer, filler and palletizer to begin to see significantly increased gains in line operations 

and operator ownership.  Also recommended is that that program be extended to other lines at 
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the facility.  In doing so, there needs to be a concerted effort put into ensuring that resources are 

not stretched thin, especially human resources.  Allowing this to happen may result in failure of 

the program due to a workload that cannot be managed. 
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Appendix A: 5-Why Form 

 

Date 

Planned
Owner

Date

Complet

Why  2

Why  4

Why  3

5 Why Form

Results

Why ? ( Fact finding ) Answer to Question

Why  1 

Insert Phenona Statement

Countermeasure

Why  5

Identifying Root Cause

Copy from Answer to 5th Why

Identifying and Implementing Countermeasures

Phenomena

Statement:

Summarize situation  into one statement

Time period tracked

Checking Results

Metric tracked
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Appendix B: Simple Root Cause/Breakdown Analysis Form 

 

x

Yes No NA x Yes x No NA

Why  5

Why  4

Why  3

Why  2

Why  1 See Why Why Tree

Identifying Cause and Effect

Why? Answer to Question

Supporting 
Pictures and  

Diagrams

Problem 
Statement

Blow Mold is shutting down due to "Clutch, bottle discharge wheel" or "Bottle jam under transfer station"

Who n/a

Which Larger packages are more frequent, but all packages are affected

When Random

Where Blow Mold Bottle Ejector and Bottle Discharge Airveyor

What Bottle Jams

Minor Stop Process Upset Breakdown

Understanding the Situation

CL 
Completed

CIL 
Completed

Date/Time Equipment Blow Mold Owner(s)

Trigger Type Hold

Pg 1 of 2

Title Discharge Jams Line Bottle DT/Hold Qty
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Yes No x

Yes x No

Yes No x

Yes No x

Yes No x

Yes No x

Time period tracked Results

Minor Stops P6

Issues with discharge jams improved 
with kicker installation.  However, 
mechanical failures at mold stations and 
TB wheel continue to cause elevated 
stops.  OEM working on resolution 
6/25.

Communication

Checking Results

Metric tracked

Material Specs

PM Standards

Centerlines Add discharge Rails AM Team or 
Production

Skills or Training

Daily CIL

Standardization of Countermeasures

Category Update Required Change Required Date Planned Owner

Verify function and cleanliness of air assist volume booster 5/29/2017

Replace bad air cylinder with 40 5/19/2017

Replace replacement 40 air cylinder with 20 5/31/2017

Verify function of molds 7, 8, 19, 23 5/26/2017

Create PM for timing TB and PT 5/12/2017

Create OPL for timing TB and PT 5/12/2017

Verify and/or set change points for discharge rails 5/19/2017

Analyze improvement to angle of reject discharge shoot 5/19/2017

Complete Spec Sheet 5/11/2017

Analyze upgrade to discharge rail set points/adjustments (spring loaded?) 5/19/2017

Identifying and Implementing Countermeasures

Countermeasure Date Planned Owner

Identifying Root Cause

Pg 2 of 2
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Appendix C: Minor Stop Data 

Date Error Description 
Duration 
(mins) 

4-Oct Heating fan controller not ready 0.5 

 
Preform temperature outside range 1.5 

 
Error, heater box temperature 0.43 

 
Error, heating boxes 1 

 
Error, heating boxes 2.3 

 
Flow monitoring, cooling water 0.65 

 
Bottle jam before gripper 1.85 

 
Bottle jam before gripper 1.03 

5-Oct Bottle jam before gripper 1.28 

 
Bottle jam before gripper 1.95 

 

Cooling water temperature outside of 

range 2.15 

 
Mold not closed 0.2 

 
Blowing pressure P1 outside of range 0.88 

 
Blowing pressure P1 outside of range 0.75 

 
Blowing pressure P1 outside of range 5.92 

 
Blowing pressure P1 outside of range 5.2 

 
Plant air outside of range 1 

 
Plant air outside of range 1 

 
Blowing pressure P1 outside of range 0.13 

 
Blowing pressure P1 outside of range 6.12 
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Appendix D: Blow Molder Defect List 

Item 
Identified 

By 
Date 

Identified 
Date 

Resolved Comments 
Excess grease at turret Supervisor 10/24/2016 3/21/2017 Resolved 

Nozzles 14 and 22 worn Operator 11/5/2016 11/5/2016 Checked as needed 

Jog remote damaged Operator 11/11/2016 11/14/2016 Waiting for parts  

No hot water in sink Operator 11/11/2016 1/13/2017 Resolved 

Shavings on wheels Manager 11/11/2016 2/10/2017 Moved to SOC list   

Arms out of place Operator 11/14/2016 11/14/2016 Repaired 

Tanner system damaged Operator 11/14/2016 2/3/2017  Question list 

Cond. hose missing  Manager 11/14/2016 12/12/2016 Replaced 

Excess dust on molds Operator 11/14/2016 2/10/2017 Moved to SOC list   

Machine brake failing Operator 11/14/2016 3/21/2017 Resolved 

Corroding water hoses Supervisor 11/14/2016 2/10/2017 Replaced 

Hopper bin not closing Supervisor 11/20/2016 11/21/2017 Resolved 

Guard at pulley broken Technician 11/21/2016 Dec 2016 Removed 

Air leaks Operator 11/28/2016 12/12/2016 Repaired 

Lever #3 broken Operator 12/3/2016 3/30/2017 Replaced 

Handle #4 broken Operator 12/5/2016 3/31/2017 Replaced 

Bottle kicker sticking Operator 12/5/2016 12/5/2016 Oiled 

Gripper arms uneven  Operator 12/12/2016 12/12/2016 Repaired 

 
 


