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ABSTRACT

The six sigma methodology adopted by AlliedSignal Inc. for implementing
continuous improvement activity was applied to a new manufacturing assignment
for FM&T. The responsibility for reservoir development/production was
transferred from Rocky Flats to FM&T. Pressure vessel fabrication was new to
this facility. No fabrication history for this.type of product existed in-house.
Statistical tools such as process mapping, failure mode and effects analysis, and
design of experiments were used to define and fully characterize the machine
processes to be used in reservoir production. Continuous improvement with
regard to operating efficiencies and product quality is an ongoing activity at
FM&T.

SUMMARY

The six sigma methodology has been adopted by AlliedSignal Inc. as a means for implementing
continuous improvement activity. Pressure vessel manufacturing operating efficiencies are
monitored and specific processes are prioritized and earmarked for six sigma implementation.
Process owners throughout the facility are being trained in the six sigma methodology, and this
problem solving technique is expected to be used on all product/processes at AlliedSignal,
Federal Manufacturing & Technologies (FM&T).

This report is the result of an FM&T machining team effort to improve on process capabilities
for the CAP 3 pressure vessel. FM&T became responsible for the fabrication of this component
as a result of the Department of Energy’s decision to consolidate the nuclear weapons complex
and close the Rocky Flats facility.

A multifunctional team was established for this effort, with representatives from engineering,
manufacturing, and planning. This component was chosen as a pilot for introducing the six
sigma methodology to reservoir machine processes at FM&T. Yields on development
fabrication lots of the CAP 3 had been averaging approximately 50%, and major improvements
were required prior to production.

The team was successful in improving yields to 100%, reducing cycle time over 25%, and
documenting a 1.1 million dollar savings over a five-year period.




DISCUSSION

SCOPE AND PURPOSE

The responsibility for reservoir development/production was transferred from Rocky Flats to
AlliedSignal Federal Manufacturing and Technologies (FM&T). Capital equipment, personnel,
tooling, material, and processing information were transferred. Pressure vessel fabrication is new
to this facility. No fabrication history for this type of product existed in-house. Reservoir
machine process capability development at FM&T was required as a result of the Nuclear
Weapons Complex Nonnuclear Reconfiguration and Consolidation Project. Statistical tools such
as process mapping, failure mode and effects analysis (FMEA), and design of experiments were
used to define and fully characterize the machine processes to be used in reservoir production.

PRIOR WORK

A multitude of processing history and data was transferred from Rocky Flats. FM&T personnel
were able to capitalize on this knowledge and establish a baseline process with minimal “true”
machine process development. Still, machines and equipment were different in many cases, and
FM&T had to establish internal baseline process capabilities as processes were generated.

ACTIVITY

The CAP 3 component is classified, and specific configuration and dimensional characteristics
will not be discussed in this report. The application of six sigma methodology to this machined
component will the subject for this continuous improvement report.

Six Sigma Detailed Process Map

The first step of the six sigma methodology is for team members to gain expert process
knowledge of current activity. This understanding of the existing process is achieved by having
cognizant team members generate a “detailed process map.” The map will identify all the steps
in the process being studied and list all possible factors influencing the variation produced at
each step. These factors are categorized as “C” for critical, “N” for noise, and “SOP” for
standard operating procedure. The critical factors driving process variability must be validated
and controlled to maintain process consistency.

Figure 1 is a culmination of the team’s efforts to capture the process in this format.
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The detailed process map is instrumental in establishing a process baseline from which to launch
process improvement efforts. The team was able to identify several areas for improvement and
correlate lower level response variables to customer requirements.

Failure Mode and Effects Analysis

The failure mode and effects analysis (FMEA) was used to assist team members in prioritizing
which problem areas to tackle first. This tool allows the team to reveal all possible causes for not
meeting customer requirements. It is designed to rank these failure modes so that team members
can realize where the product is most likely to fail. The high priority failure modes are where the
team wants to focus energy first. The FMEA for the CAP 3 machining process is shown in
Table 1.

Failure modes were identified as (1) not meeting the dimensional requirements of the machined
component, (2) not meeting customer delivery expectations, and (3) failure to comply with
customer cost and quality expectations. The FMEA allows the team to quantify which
improvement efforts will have the most favorable impact on the customer. The FMEA should
always be generated with direct customer participation. In many cases, the supplier does not
know what is truly important to the customer.

Defect Analysis: Establishing Metrics

The team knew that yields were too low, defects were too high, and cycle time was too long for
this particular product. Defect tracking was initiated at each level of the process to determine the
lowest possible level of detection. An example of a CAP 3 machine process defect tracking log
can be seen in Figure 2.

Once the team captured where the defects were occurring, specific actions to prevent re-
occurrence could be initiated. The detailed process map allowed team members continuity in
reviewing the process. In many cases, defects resulting in scrap at the finish machine operations
could be attributed to dimensional parameters generated at an earlier operation. The team found
that controlling the roughing operation variability greatly facilitated the final machining
operation. In some cases, additional tooling and gauging was fabricated to establish reduced
variability at the roughing operation.

‘The detailed process map was instrumental in revealing areas where operations could be
combined to reduce setup time. Inspection delays and hidden factory rework were also apparent
upon team review of the map. Additional tooling and gauging was fabricated to ensure that
parameters were generated “right the first time” and eliminate the need for inspection department
verification. In one instance, a heat treat operation was eliminated when a process review raised
the question as to the validity of the operation. In all, over 30 specific actions were initiated to

improve yields and reduce cycle time. An example of the action tracking log can be see in
Table 2.
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Team efforts to eliminate and combine operations resulted in reduced cycle times. The product
maps in Table 3 depict the before and after cycle times for CAP 3 machining. The amount of
time needed to produce CAP 3s was al$o greatly reduced by the yield improvement realized by
eliminating defects. Planned start quantities could be cut in half when anticipated yields were
100% versus 50%. The detail process map for the (improved) current process is seen in Figure 3.

Statistical Process Evaluation

In order to retain the gains achieved by this team effort, constant process monitoring is required.
Remaining actions are to perform measurement system evaluations (MSE) in areas where critical
parameters are being measured. The MSEs allow one to determine what portion of measurement
variability can be attributed to the measurement system versus the actual component being
produced. By comparing the amount of measurement system variability to the tolerances
expected to be held, one can determine if a particular type of measurement device is capable of
measuring a specific parameter. Measurement systems incapable of plckmg up slight variations
in  response variables cannot be utilized in reducing variability.

FM&T team members are also tracking specific parameters using statistical process control

(SPC) charts. This data is used to calculate process capabilities. See Figures 4 and 5 for an SPC
example and process capability determination.
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Reservoir Product Name: ~
Product Process Map
Part Name:{Cap 3
Convert Standard Hours
Pr Eng: A.L.W . Part No:| .. - by Net Efficiency:] 40% .-
Black Beit:  A.L.W, l
Lot Size: 40
vt
1|Release Job
2|Move to D25 4 4.0
3{Setialize 25 2802 0.035 40 3.5
4]{Queue 8 . 8.0
5{Setup* 25 A821 3.600 8.8
€ |Face, Bore, & Drill* 25 A821 0.406 40 40.6
7iSetup* 25 A821 3.500 8.8
8iFace & Spot Drill* 25 AB821 * 0.200 40 20.0
9iSetup* 25 AB21 3.500 8.8
10iRough OD* 25 AB21 0.869 40 86.9
11]Setup* 25 AB821 3.500 8.8
12}Rough ID* 25 AB21 ) 1.182 40 116.2
13[Move to D98 4 4.0
141Queue 8 8.0
15 [Heat Treat 98 K613 0.750 40 75.0
16 {Move to D25 4 4.0
17| Queus 8 ) 8.0
18{Setup* 25 A840 3.500 8.8
19|Finish OD* 25 A840 0.500 40 50.0
20 |Move to D95 4 4.0
21 |Queue 8 8.0
22|Electro Chem Etch 95 2901 0.035 40 3.5
23 |Move to D25 4 4.0
24]|Queus 8 8.0
25|Setup* : 25 A840 3.500 8.8
26 |Finish ID* 25 AB40 0.800 40 80.0
27{Setup* 25 AB40 3.500 8.8
. 28 |Finish Bore* 25 A840 0.325 40 32.5
29[ Qusue 8 8.0
30| Deburr 25 2901 0.208 40 20.5
31 |Queue 8 8.0
32jAqueous Clean 25 J110 0.075 40 7.5
33 |Queue 8 8.0
34{Move to D431 4 4.0
35 |Dye Penetrant 431 X110 0.150 40 15.0
36 {Queue 8 8.0
37|Radiography 431 X110 0.200 40 20.0] .
38 |Move to D420 4 4.0
39]Queus : 8 8.0
40}Dimensional Insp 420 X110 7.200 40 20.0
41 |Move to D428 4 4.0
42{Queue 8 8.0
43{CMM Insp 426 X110 0.200 40 20.0
44 1Move to D420 4 4.0
45 |insp Paperwork 420 X110 0.050 40 5.0
48 |Move to D92 4 4.0
47| Queus 8 - 8.0
48[Final Aqueous Clean 92 J110 0.075 40 7.5
49{Move to D97 : 4 4.0
50| Queue 8 8.0
51]Acid Clean 97 J450 . 0.115 40 11.5
52{Queus 8 8.0
53|Final Insp 497 X110 0.050 40 5.0
54 |Move to Stares 4 4.0
55 [Stare Compieted Job ) 16 - 16.0
* 2 Shift Operations Total Hrs: 893.5
Total Working Days: 111.7
{8 Hrs / Day)
Total Working Days after reducing indicated
operations by 25% to account for 2 shifts: 96.4

Table 3. Product Process Map Showing Before and After Cycle Times
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Reservoir Product Name:
Product Process Map | ’
Part Name:|{Cap 3
Convert Standard Hours
Process Eng: A.L.Wannamaker PartNo:| . -~ . . by Net Efficiency:| 40%
Black Beit:  A.L.Wannamaker
Lot Size: 40
1]Release Job 16 16.0
2{Move to D25 - 4 4.0
3 |Serialize 2S5 2902 0.035 40 3.5
4]|Queuse . 8 8.0
5{Setup* 25 A821 3.500 8.8
6|Face, Bore, & Drill * 25 A821 0.406 40 40.6 :
7 |Setup* 25 A821 3.500 8.8 -
8|Face & Spot Drill/RghOD* 25 A821 1.069 40 106.9
11{Setup* 25 A821 3.500 8.8
12|Rough ID* 25 A821 1.162 40 116.2
17 [Queue 8 8.0
18|Setup* 25 A840 3.500 8.8
19{Finish OD* 25 A840 0.500 40 50.0
21{Queue 8 8.0
22|Electro Chem Etch 95 2901 0.035 40 3.5
24|Queue 8 8.0
25|Setup* 25| . A840 3.500 8.8
26(Finish ID* 25 A840 0.800 40 80.0
27{Setup* . 25 A840 3.500 : 8.8
28|Finish Bore* 25 A840 : 0.325 40 32.5
29{Queue 8 8.0
30|Deburr 25 2901 0.205 : 40 20.5
31]Queus 8 8.0
32| Aqueous Clean 25 J110 0.075 40 7.5
33{Queue 8 8.0
34{Move to D431 4 4.0
35{Dye Penetrant 431 X110 0.150 40 15.0
36|Qusue 8 8.0
37 |Radiography J 431 X110 0.200 40 20.0
38|Move to D420 4 - 4.0
39| Queue 8 8.0
40 |Dimensional Insp 420 X110 0.200 40 20.0
41|Move to D426 4 4.0
42|Queue 8 8.0
43 {CMM insp 426 X110 0.200] - 40 20.0
44Move to D420 4 4.0
45|Insp Paperwork 420 = X110 0.050 40 5.0
49 |Move to D97 4 4.0
50]{Queue 8 8.0
51]Acid Clean 87 J450 0.115] . 40 11.5
52| Queue 8 8.0
§3 {Final Insp 497 X110 0.050 40 5.0
54|Move to Stores 4 4.0
55|Store Completed Job 18 16.0
*2 Shift Operations Total Hrs: 766.2
Total Working Days: 95.8
{8 Hrs / Dlay)
Total Working Days after reducing indicated
operations by 25% to account for 2 shifts: 80.8

Table 3 Continued. Product Process Map Showing Before and After
Cycle Times
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Machine Process; Coded Data
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Figure 4. Individual Moving Range Chart

As one can see, the process capability for this particular machined parameter is well within
+/- six sigma limits. Additional critical parameters are monitored in a similar fashion.

Design of experiment (DoE) is used when statistical validation of a process parameter’s influence
on the outcome is needed. This is essential when trying to make adjustments to a process to
reduce variability. At the time of this writing, DoE has not been used on the CAP 3. As the

process is monitored over time, causes for long term process variation may have to be valldated
statistically.
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Machine Parameter Capabilities; Coded
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Specification
Lower Spec Limit
Upper Spec Limit
Spec Target
Sigma

Quantities
maximum  100.0% 107.43
99.5% 107.43
97.5% 107.43
80.0% 107.41
quartile 75.0% 107.40
median 50.0% 107.38
quartile 25.0% 107.37
10.0% 107.37
2.5% 107.36
0.5% 107.36
minimum  0.0% 107.36
Moments
Mean 107.3866
Std Dev 0.0164
Std Error Mean 0.0029
Upper 95% Mean 107.3925
Lower 95% Mean 107.3807
N 32.0000
Sum Weights 32.0000
Capability Analysis
Value Percent
107.2 %Below LSL
107.6  %Above USL
107.4
0.016384
Capability Index
CPL 3.796
CPU 4.342
CPK 3.796
CcP 4.069
CPM 3.146
Test for Normality
Shapiro-Wilk W Test
W Prob<W
0.892272 0.0038

Actual Normal
0.000 0.000
0.000 0.000

Figure 5. Process Capability Determination




- ACCOMPLISHMENTS

The data supports outstanding success with six sigma implementation on this reservoir
machining process. After the first three fabrication lots were run at FM&T, a cumulative yield of
only 50% had been documented. This product is extremely difficult to machine and maintain
tolerances.

The team did an excellent job detail mapping the process and obtaining expert knowledge on
which parameters were driving response variables. Operations were combined/eliminated and
tooling/gauging was incorporated to facilitate process control. The two fabrication lots following
this teaming activity have yielded 100% on each run. During this time, core team members have
been able to transfer the expert knowledge gained during this exercise to additional operators.
Several additional operators have been trained to perform critical machining operations during
these two flawless production runs.

Data supplied by Program Management supports 1.1 million dollars in labor, support, and
material savings over a five-year period.

As part of AlliedSignal’s initiative to strive for continual improvement, additional reservoir

product will be targeted for operational excellence, six sigma methodology implementation.
Product-specific topical reports will document results.
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