


















FIGURE 3 Alignment of VR phases with Six Sigma DMAIC
phases.
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fellow team members to broaden the scope of issues
on which they could work.

Once silver certified, a VR team was expected to
continue to sustain the behaviors and to continue to
improve performance, either on their primary
metric and/or a secondary metric, alone or in partner­
ship with a Six Sigma Black Belt or Green Belt. This
ongoing improvement in performance was planned
and budgeted during the annual budgeting process.

EXAMPLE Of VR ON A BINDERV UNE
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FIGURE 4 Bindery line delay Pareta 30 days after standard
process implementation.
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VR was initiated on a bindery line in one of the
magazine plants in mid-2000. The VR team created
flowcharts of line startup and operation, analyzed
for non-value-added activities and different practices
between shifts and individuals, and agreed to a stan­
dard process for startup and operation of the line,
inc1uding line speed for different types of magazine
jobs. This standard process was documented in work
instructions that were used to train allline employees
on the agreed-upon standard process. The team also
identified and defined categories of downtime that
negatively impacted line run rate. With the help of
IT resources, the VR team was able to incorporate
these downtime categories into newly developed
software to capture and report downtime and create
the de1ay Pareto shown in Figure 4 for the last 30
days of production.

From the de1ay Pareto, the VR team could see that
the downtime that consumed the most hours during
the 30 days was a "binder infeed high book jam" and
that missing signatures (abbreviated as sigs in the
Pareto) at several packers were identified as eight
of the remaining nine top downtimes in both hours

Once verified, methods were put in place to control
the improvement over time. The control methods
inc1uded additional work instructions and training,
workplace organization, mistake proofing, new
gauging, and, where practical, automation.

Given the educational and statistical background of
the majority ofVR team members, simple analysis and
graphical tools that could be quickly and easi1y
created by hand and/or with Excel were used. In fact,
during the pilots and initial year of VR implemen­
tation, the operations teams were not even
introduced to standard deviation. Variation was mea­
sured using a ratio of the first quartile and the third
quartile (Ql/Q3), referred to as VR ratio. The VRratio
could easi1ybe ca1culated by hand or with the use of a
ca1culator or Exce1. VR teams understood that the
smaller the ratio, the larger the variation in the pro­
cess; the larger the ratio, the smaller the variation in
the process. As the organization matured in its use
of statistical tools, limitations of the VRratio as a mea­
sure of improvement became apparent, especially its
lack of sensitivity to removal of special causes of
variation. With the help ofIT resources, the ca1culation
of the standard deviation was automated as part of the
creation of a common VR scorecard (hallmark 5).

If more advanced statistical analysis tools (e.g.,
hypothesis testing, regression, design of experiments,
etc.) were needed to identify a source ofvariation, the
opportunity was identified as a potential Six Sigma
project, prioritized by plant management and given
to a Green Belt or Black Belt (depending on the com­
plexity and scope of the opportunity), The Green Belt
or Black Belt could then focus on the analysis and sol­
ution of the problem knowing that the operations
team, through VR, had standard practices and data
collection in place to assist with the analysis. Sorne
members of the VR teams became Six Sigma Green
Be1ts, expanding their tool kit, and worked with their

273 Variability Reduction



NotJogging
Signature

NotTrained

Binder
Pick-up

Une
Speed -

Signature
Placement

Transfer Setting ~

Seleetronic
Binding

Packer set-up ~

Infeed High
BookJams

'"''';M lnserts 7
Book 5ize

Curled Paper j~I
Paper Weight

Stat ic
General Maintenance ..../

!
Transfer Belts -------.,;

H
'd' _ Eleetrical Transfer Timi"=-------.¡g

urnllty
/ Binder Infeed Trough ./

Temperature -.1 Feeders --W1 Gather Raceway -.,1
-.1 Raceway Joggers ; 7

Dust lugs

Infeed Pin I

I Machine

FIGURE 5 Infeed high book jam cause-and-effect fishbone.

and occurrences. These two delay types became the
focus of the team's VR efforts.

To understand the binder infeed high book jam
delay, the VR team created a cause-and-effect fish­
bone diagram. See Figure S.

Through multivoting, the VR team prioritized the
investigation of the potential causes. See Table 3.
The infeed trough received the highest number of
votes. Investigation by the VR team and maintenance
found the current trough to be worn. The trough was
replaced by a stainless steel trough, which not only
addressed the current issue but eliminated future
wear concerns. The second highest vote concerned
not jogging the signature, which was a training issue.
More detail on how to properly jog a signature was
added to the work instruction and all bindery line
operators trained on the method.

With respect to the missing signatures, the VR
team worked with their Green Belt resource to
measure and analyze several machine parameters,

including the vacuum drop at the sucker cups used
to grab individual signatures for collation at the
packers. The vacuum drop was found to significantly
affect the number of missing signatures and assocía­
ted downtime. Further testing by engineering and
maintenance quantified the allowable vacuum drop
at the sucker cups. In arder to give bindery operators
the ability to measure and control the vacuum drop
on-Iine during production, engineering and mainte­
nance developed and installed new gauges on the
line and worked with the VR team to train the opera­
tors on their use. Once the results of these new
gauges were verified on this line, they were added
to the remaining lines at the planto The design was
also shared with other plants with similar equipment.

The improvements to the trough, training, and
sucker cup vacuum gages took approximately 6
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Infeed high book jam effect multivoting resultsTABLE 3

Effect

Infeed trough
Not jogging signature
Infeed pin
Transfer setting
Curled paper
Packer setup
Feeders
Book size

Multivote count

90
72
68
60
56
48
36
32

% of Total

19.48
15.58
14.72
12.99
12.12
10.39

7.79
6.93
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FIGURE 6 Bindery line 30-day delay Pareto after VR improve­
ments.
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