Chapter 1: Experiences in Lean Implementation: B-2 Case Study

In the wing assembly study, the states of multiple systems were analyzed.  Although some differences were found, it was difficult to compare the performance between different systems.  The focus was on what the states of the system are but not how to change them.  This chapter will focus on this issue of how changes can be made and on what their benefits are.  This is done with the approach of examining a process before and after lean implementation projects and analysis using the PSD decomposition.  By doing so, companies may assess the impact of potential projects in their own systems.  In addition to studying the potential benefits, the strategy and methods of applying these projects is also discussed to provide further insight into implementation issues.

At the fall 1998 LAI plenary Factory Operations Breakout Session, Northrop Grumman presented their experiences with lean production and some of their implementation projects on the B-2.  They focused on the elimination of non-value added tasks for operators in an attempt to shorten throughput time, decrease cost and improve quality. They reported immediate benefits in all of these areas.  The factory operations group decided that this provided an opportunity to study their methodology, execution and results providing valuable insight into implementing lean production in the aircraft industry 
.

1.1 Background

The B-2 is a low-observables strategic penetration bomber [Jane's Information Group Ltd., 1998] designed in 1981 and the military had planned to purchase 132 aircraft.  This program was eventually cut and only 21 B-2's were built increasing the expected unit cost by three fold.  Currently, production of these aircraft are complete and they are all in service.  Northrop Grumman is currently in the process of updating all planes to the Block 30 configuration, but this should be completed by June of 2000.  Future business from the B-2 program is expected to come from PDM (product depot maintenance).  Northrop hopes to receive the contract to perform this work instead of having it performed by the Air Force at Tinker AFB.  This bid for future business is the condition that has set the stage for implementing lean production.  The classical “crisis” situation is setup because there is a possibility of losing the business in the future.  This uncertainty provides an additional motivation for shop floor workers, engineers and management to accept a new approach.

1.1.1 Scope of Study

As the aircraft have already been completed and are in service, the nature of the work studied differs from the assembly tasks from the wing assembly case study.  The primary business unit (or “cost center”) studied was the Low Observabilility (LO) area.  This area performs eleven processes required to provide the proper surface finish to ensure low observability of the aircraft.  The tasks involved are cleaning, stripping and the application of tape and fillers.  Although the nature of the work is different from assembly tasks, it is still characterized as highly skilled manual work content in the aircraft industry.

1.2 Methodology

1.2.1 Strategy

A “lean implementation team” was selected by the vice-president in charge of operations at the Palmdale facility.  As opposed to many other approaches that advocate working with the shop floor workers in improving the process, a team of managers and engineers helped to implement the initial stages.  Direct employee involvement was avoided to focus the scope of the projects at the beginning.  More employee involvement was solicited after the first major changes and feedback and suggestions were used to further improve the process.  

Again, the Program Depot Maintenance (PDM) program was identified as the area that would most benefit from applying lean production, which is the program that Northrop Grumman hopes to win the contract for, guaranteeing business for as long as the B-2 program is in active Air Force service.  As a prototype project, one of the Low Observability cost center would be addressed first.

1.2.2 Timeframe

The projects started in July of 1998 and are still continuing.  The main thrust is expected to be completed by August.  A new production control system will be in place at the end of April.  The new system will help coordinate material supply for the specific processes that are being performed.  For example, the list of tasks that must be performed can be entered into the system and the system will list the processes required and the kits and materials needed for the processes.

1.2.3 Lean Implementation Team – Initial Effort

After establishing a lean implementation team with four full-time and four part-time members, from manufacturing engineering, production control, management and quality control, consultants were hired to help develop a lean implementation plan. After some training in the philosophy behind lean production, a test project was used to start the program off.

The lean implementation team started by videotaping a a tape application process used to seal and fill in gaps around the entire surface of the plane to evaluate the technician’s movements.  This is to identify waste and develop standard work guidelines.  Using this process highlighted the amount of time the technician spent away from the station where she was working to retrieve materials, mix adhesives and perform other tasks in preparation to apply the actual tape.  Problems in ergonomics were also highlighted, as the platform she was using was not long enough for the area she had to apply tape to.

To alleviate the excessive amount of time retrieving materials, the team created a kit that contained the tools and most of the materials needed by the technician for a job.  The material handlers also became responsible for much of the preparation work and delivered mixed adhesives and precut tape when required.  A more suitable platform was also installed to eliminate repositioning in the middle of the task.  With drastic reductions in throughput time the and elimination of non-value added tasks, the lean implementation team was ready to apply these methods to the rest of the Low Observability area.

1.3 Analysis

Kits and Material Handlers

The aircraft is divided into five sections, each of which is the responsibility of one team of technicians.  Every morning, each technician picks up a kit that contains the tools and most materials they will need for the process they are performing.  The kits are divided into two halves.  The “A” half contains tools such as a flashlight, measuring tape, knife and stopwatch (to time curing).  The “B” half contains consumable items, such as a notepad, disposable applicators, cleaners, solvents and water.  Included in each kit are also the work instructions.  This allows the technician to stay at the work station instead of spending time acquiring the necessary materials.  Figure 25 illustrates the change in the amount of walking necessary by the technicians (DP-D22 Standard tools / equipment located at each station – 5S).

In this redesigned work pattern, the role of the material handler changed.  Instead of operating the various materials, tool and parts cribs, they are responsible for creating the kits.  In doing so, there was no increase in the number of material handlers.  The roles of the technicians changed as well.  Within each team, one member would be responsible for the materials preparation such as trimming the tape and mixing the adhesives.  Again, there was no increase in the number of technicians.  The material preparation tasks and application tasks were separated so that a worker would not have to stop working on the plane (DP-T51: Subsystems and equipment configured to separate support and production access req’ts).  Instead, workers called for the materials they would need ahead of time so that they would be delivered ready to apply when needed.  The PSD decomposition identifies these DPs as physical implementations that decrease throughput time and production cost.
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Figure 25: Kitting and material handling redesign on the B-2
Standard Work

As discussed in chapter 5, standard work refers to two things: for every task, there is a correctly defined method for doing it, and every time the task is done, it is done in the same way.  Although all companies have some methods to ensure standard work, improvements on the Low Observables process captured the special techniques used by the technicians that were not documented before.

The standardized work was determined by observing many technicians performing the same operation and taking the best practices observed.  Before the kits, many workers made their own tools to help them with their work.  The best of these tools were copied and included in the kits.  The use of common tools and standard work helped to improve consistency between different workers performing the same process.  Analysis of the level of standard work shown in Table 5 shows that higher levels of standardization were achievable in the tape application process.

Table 5: Standard work evaluation for B-2

	Performance of Manual Tasks

1. Operators perform tasks based on their own interpretation of the instructions or task description

2. Tasks are described at a high level so that low level movements are not described in detail but standard procedures are used for each type of task

3. Each task is described in detail so that it is done the same way each time

4. Work content is designed so that in can only be done one way

	Sequence of Assembly

1. Entire assemblies may be built out of order.  (removing entire assembly which is delayed from a jig to start the next one)

2. Entire work packages may be done out of order (done out of sequence and/or out of station)

3. Assembly of parts in different sequences (eg. Sequence of attaching parts, A-B-C vs. A-C-B, or sequence of tightening fasteners)

4. Assembly tasks are usually done in the correct sequence

5. Methods in place to prevent out of sequence work 

	Use of Standards/Instructions

1. Standards/instructions not used by operators

2. Standards/instructions used when learning new tasks or when tasks change

3. Operators are familiar with standards/instructions and keep themselves updated frequently

4. Operators are familiar with standards/instructions and are active in updating and improving them


Compared with wing assembly, which involved the fitting of high tolerance parts, greater work content variation and more parts, the low observable process is less complex and perhaps easier to standardize.  However, the improvement in standardization within the process has an impact on quality, time variation and throughput time as shown in Figure 26.
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Figure 26: Impact of standard work in the system
Standard work is a design element that satisfies many FRs, which is a physical integration of functionally independent (or decoupled) requirements [Suh, 1990].

Work Instructions

As the work was being standardized, the work instructions were redesigned as well, providing much more detail in describing how tasks are done instead of stating what needs to be done.  The work instructions are rated in Table 6 using the same rating system [Shields, 1996] as in chapter 5. The rating of the work instructions did not differ significantly from the wing assembly sites.  However, the written descriptions were more detailed in describing how the tasks are to be performed.

Table 6: Work instruction rating in wing assembly

	Work Instruction                          Rating
	Definition  (each level adds additional information to the level above)

	1
	Low level of detail consisting of only the blue prints and no written instructions

	2
	Blue print data with information about changes to the drawings and some written instructions

	3
	Blue print data with changes identified and information about the effectivity of those changes readily available and written instructions for sufficiently skilled individual to accomplish the work

	4
	All of the above with additional information about certain fabrication or assembly operations to include the use of pictorials for these details.

	5
	All the above with added information in areas peculiar or easily confused instructions are supplemented with three-dimensional pictorials

	6
	All the above with the addition of photographs or pictorial drawings of correctly fabricated or assembled areas as examples

	7
	All the above with process information, characteristics and restrictions imbedded in the instructions

	8
	All the above with detail that is sufficient to be used by workers with less skill training or experience

	9
	All the above with the addition of key characteristics for particular fabrication or assembly attention or measurement

	10
	All the above with the addition of real time access to multiple databases to capture information about the fabrication or assembly and the ability to enter prescribed data relative to the fabrication or assembly


Ergonomics

In order to improve the ergonomics for the technicians, new scaffolding and platforms were purchased.  Before the improvements, operators had to kneel on top of the wing to perform all operations above the wing and had to stand on narrow platforms or lie on their backs to perform all operations under the wing.  The new platforms allow the workers to remain standing for operations performed on the top edges of the wing and for all operations under the wing. This change illustrates FR-D23: Minimize wasted motion in the operator’s work tasks being satisfied by DP-D23: Ergonomic interface between the worker, machine and fixture.  

1.3.1 Impact

Improvements were measured using the metrics of throughput time, actual labor hours, rework and overtime.  Data from the four units before the projects and five units after the projects was available for analysis.

Rework

Comparison of the before and after units show not only a decrease in the total number of rework hours, but also decreased rework as a percentage of total actual labor hours as shown in Figure 27.  The mean of the before and after samples are 12.3 % and 5.9% respectively, a decrease of 52%.  It is expected that the decrease in rework hours, (quality improvement) has an impact on the variation in throughput time and mean throughput time, which collectively impact production cost.
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Figure 27: Rework hours / total labor hours – before and after lean

Overtime

Overtime may be viewed as an indicator of throughput time variation if it is used to make up the time lost when unforeseen production disruptions arise (when it is not planned).  Again, comparison of the before and after units show a decrease in both the total number of overtime hours as well as a percentage of total actual labor hours as shown in Figure 28.  The mean of the before and after samples are 12.5 % and 6.5% respectively, a decrease of 48%.  This decrease in overtime hours, (time variation reduction) is also expected to impact mean throughput time and production cost.
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Figure 28: Overtime hours / total labor hours – before and after lean

Throughput time

The throughput time of the process decreased on average by 24% between the two samples but this must be moderated by the fact that the throughput time showed a general decreasing trend (except for one point) before the lean implementation projects.  To test whether this difference in the mean of the two groups is statistically significant, the following hypothesis was tested,

H0: There is no statistically significant difference in the mean throughput times of the two samples (before and after the lean projects: m1 – m2 = 0)

H1: otherwise; there is a statistically significant difference in the mean throughput times of the two samples (before and after the lean projects: m1 – m2 ≠ 0

The null hypothesis could not be rejected with a 95% confidence interval so the difference in mean throughput time is not statistically significant.  This result is due to the large variation in throughput time of the sample before the lean projects and the low number of samples.

Even though the results are not statistically significant, there was still an observed decrease in throughput time and the variation in throughput times decreased.  The first unit to undergo the lean projects also showed a continued decrease in throughput time even though it included the process of setting up the kits and improving the work standards.  As the throughput time continued to decrease, the operating pattern changed from 5 days a week to 4 10-hour days a week (on last 2 units).  
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Figure 29: Throughput time – before and after lean

Labor Hours

Comparing the mean of the total labor hours from before and after the projects, there was a mean decrease of 40% for the process.  Although this figure sounds like an incredible improvement, there are a few factors to consider.  Firstly, these processes, like in airframe assembly have a natural amount of learning so that the total labor hours should decrease after each successive unit as shown in chapter 3 (equation 2).  So, comparing the average of samples that are temporally separated would always give a decrease in mean shift.  To account for the learning curve, the exponential curve was fitted to the first 4 units (before lean) in Figure 30.  In this graph, it is obvious that the decrease in labor hours for the process decreased beyond the amount that would be expected from normal learning.  In fact, after the lean projects, the actual labor hours were on average 21% less than the trend projected from the units before the projects.
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Figure 30: Total labor hours for tape application process before and after lean projects (exponential learning curve fitted to first four units)

1.4 Discussion

1.4.1 Reaction to Change

The most difficult part in the implementation was reported to be the change in the corporate culture.  Overcoming the resistance to change was difficult and success was attributed to strong leadership and support from the highest levels of the organization.  It was also reported that difficulties arose when trying to apply changes beyond the scope of the cost center where the lean projects were being focused.
In retrospect, it was reported that it would have been helpful to train the entire facility in lean production first to prevent the problems encountered outside of the cost center being changed.  Making improvements by process rather than cost centers would have been easier to implement.

1.5 Summary

In providing kits and prepared materials to the operators, these tasks were not eliminated but decoupled from the technician.  Instead of the technician interrupting their tasks for material handling and preparation tasks, another worker does them in parallel so that the value-added tasks are continuous.  However, the amount of walking away from the stations was isolated to the material handler and all the materials necessary were centralized for them.  Further improvements in ergonomics, work instructions and standardization were also applied.  These lean implementation projects showed significant decreases in the amount of rework (52% decrease), overtime (24% decrease) and total labor hours (21% decrease compared to expected reductions).  The throughput time variation decreased as well.

A LEM evaluation of this site is also included in Appendix E as a reference.

� The site visit for this case study was performed by Daniel Dobbs, also a member of LAI and the PSD laboratory.  Thanks to Dan and the participants from Northrop Grumman for their contribution to this study.


� Observed ratings are bolded


� Observed ratings are bolded.


� Labor hours normalized by dividing each value by maximum observed value to obtain a ratio.





