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Bushings

—> Whatis it? <

secure the finished blade
turbine. Bushings can be

Bushings are composed of metal tubes bonded to
long foam extensions and wrapped in two types
of fiberglass. They are utilized to attach and

can number from 64 — 92 per blade.

to the hub of the wind
one of two widths and

Data Analysis: Modeli

ng the System with Arena and Monte Carlo

Bonding Stations

Bushings
Before Glue

59,

Wrapping Stations

Simulation was utilized to model the process’
dependencies, lack of standardization, and
randomness of worker allocation.

The min, most likely, and max system times from Arena Interpolation

were run through Monte Carlo and interpolated to fit
every staffing scenario across two shifts.
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Optimization

Net Sets

—> Whatisit? <
Net set kitting involves cutting large sheets of

netting to size then rolling out and taping sheets
of release film on top. Inlet profiles and other

necessary components are hot glued to the net
sets before they are rolled up and marked for
later implementation in the molding process.

Data Analysis: Combining Time Study Data with Net Set Schematics
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Time studies were conducted, using videos of net
set manufacturing, to obtain the time required to
complete each operation within the net set
process. Those times, as well as information from
net set schematics, were used to calculate the
processing time for each net set.
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Anna Hudgeons (PM), Shay Brown, Austin Kuklenski, Cody Lawrence

Faculty Advisor: Haitao Liao, Ph.D.
Objective:

Minimize excessive worker hours in the pre-molding process to allow for the
productive reallocation of LM employees.

Stakeholders suspected
Parkinson’s Law may be in
effect in the pre-molding area.

After preliminary analysis, 6 out
of 8 processes were found to
possess improvement potential.
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Variables J=1r=

x;j = Job assignment for first shift for operation i during day j
Vrj = Job assignment for second shift for operation k during day j

z;j = Bushings worker alloction | for first and second shift during day j
A, = Bushings first shift workers
B, = Bushings second shift workers

H; = Required resource hours to complete blade demand for operation s

i =1,2,3,4 (1 = Net Sets,2 = Carousel Glass,3 = Hand Glass,4 = Flange Glass)
j=12345 (1= Monday,...,5 = Friday)
k=1,23 (1= NetSets,2 = Carousel Glass,3 = Hand Glass)

[=1,..,9 (1=1Worker 15 Shift /1 Worker 2% Shift, ...,
9 = 3 Workers 15 Shift / 3 Workers 2™® Shift)
r=123 (1=1Worker,...,3 =3 Workers)

s =1,2,3,45 (1= Net Sets,2 = Carousel Glass,3 = Hand
Glass,4 = Flange Glass,5 = Bushings)

Deliverable:

Decision support tool that provides a recommended worker allocation schedule to
the pre-molding supervisor based on weekly blade demand.

Total energy cost, total employee cost, and total man hours are three metrics of the decision support
tool’s output having the potential to produce weekly savings varying based on the demand each week.

The Power of
Extrapolation

Data Analysis: Accounting for 250+ Cuts per Blade with Refills

Industry Partner: Erin Lanford

Instituting a Worker Scheduling Tool for the Pre-molding Process

Carousel/Hand Glass

Time studies
conducted on
carousel glass
include the time
required to:
machine the cut
glass, replace raw |
materials for
cutting, and reload
machine with
desired glass types
and cut lengths.

— What s it? <

— What is it? <
Carousel glass kitting involves cutting large sheets
of fiberglass to specific lengths and spooling
them onto cardboard cores for implementation

onto the blade’s mold. A smaller variant of
carousel glass, known as “hand glass’,
manufactured on a separate, slower machine.

1S

If glass roll length and speed of carousel
machine is known for any particular cut of glass,
the rest can be estimated via extrapolation.

Ply #| Length [cm])
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Carouse | Pracessing Time:
Carouzel Glass Changin
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Total Carouse | Time:

Hand Proceszing Time: 12272
Hand Glasz Changing: 7.2

Total Hand Time: -m

Flange glass packages, layers of small glass cuts
used to strategically strengthen the blade, are
constructed when sheets of glass are rolled off a
small carousel and cut to lengths outlined by data
sheets. Operators stack layers of these small cuts
and sew them together with thread.

Manual, Yet
Consistent

Data Analysis: Lengths and Layers in a Manual Operation

Completion times are either dependent on number
of layers or length of package required per blade,
though all processing times were surprisingly
consistent despite the highly manual nature of work.

62.2 Meter Blade

Package

Length

Layers

Length (m)

Time (s)

Time (m)

Setup Time

Total Time:

LE-A
LE-B
LE-B
LE-B
LE-C
LE-C
LE-D
LE-E
LE-F
LE-G
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TE-A
TE-B
TE-5
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5.5
3
12.3
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839
728
971
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13
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8
8
14
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16

2.33
2.33
2.33
2.33
2.00
2.00
1.67
1.33
1.33
1.00
1.00
1.00
2.33
2.33
1.67
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Time to construct flange glass
packages is dependent upon
both length and number of

layers, each analyzed via time

studies and design complexity.
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