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Executive Summary

Danfoss Turbocor is currently seeking a way to optimize sensor testing for their compressors.
While their current system is able to test these sensors it is not reliable. The fixture has to be calibrated
after a certain number of sensor rings have been tested in order to ensure that the measurements are
accurate. Danfoss Turbocor has sponsored a senior design project to design and build a new sensor test

fixture rig in order to improve quality and production time.

In order to complete this task certain specifications have to be met in the new system. Each
direction of measurement has to be independent of each other as to not interfere with the other sensor
readings. The displacement only needs to be approximately 400 micrometers with an accuracy of 2
micrometers. The movement needs to have three distinct stopping points to take measurements. It also
needs to have minimal backlash. These constraints are all most important and must be taken into
consideration of the design of the system. Concept designs are developed and then eliminated until a final
design is chosen. This design has been modeled in CAD software with mechanics analysis. While this
system may still need more improvements, it does give Danfoss Turbocor a starting point to solve all of
their issues. Once the fixture has been assembled testing and calibration of the system will happen, which
will help refine any changes that need to be made.



Current System

Danfoss Turbocor produces compressors for industrial and commercial use in HVAC systems.
These compressors are outfitted with two sensor rings that sense any movement from the shaft, this
ensures that the shaft is centered and tells the operator if calibration is needed. On the production line a

sensor testing rig is used to test the accuracy and precision of these sensors.

Z Direction Sensor
XY Direction Sensors

Figure 1: Sensor Ring and Location of Sensors



Sensors

Sensor Ring

Assumed
Displacement

Rotating Shaft

Figure 2: Schematic of Current System

The sensor ring is mounted onto a shaft and it is spring loaded so the sensor ring does not move.
The shaft is off center from the sensor rings center so that the edge of the shaft is touching the inner edge
of the ring, covering the sensor that reads the X-Direction. This contact that is produced has an assumed
displacement of 0 micrometers. The distance from the other side of the shaft to the other side of the sensor
ring is measured to be approximately 400 micrometers. From here the shaft is then rotated, using a
stepper motor, 90° so that the shaft is now touching the Y-Direction sensor. In the Z-Direction a flange is

protruding from the shaft, so as it rotates the flange will cross the Z-Direction sensor and give a reading.

This fixture has quite a few problems that cannot be overlooked. The assumed displacement is a
major contributing factor in the constant need to recalibrate the fixture. The distance of 400 micrometers
has to be measured repeatedly after a certain number of rings have been tested; this is because the shaft
does not line up exactly to the same position on every ring. Furthermore, there is no independent
displacement measuring system in place to track the actual motion. The stepper motor also poses a
problem. As the motor rotates the shaft and comes to an abrupt stop, the shaft moves forward or backward
a miniscule amount. This movement is not negligible simply due to the scale of magnitude of precision
that is required. Finally, a better way of measuring displacement in the Z-Direction has to be developed.

In the current design only one position measurement can be read, when the flange passes over the sensor.



Problem Statement

The goal of this system is to create a sensor test rig that will ensure that the sensors being
produced are up to the quality Danfoss Turbocor’s needs. Danfoss Turbocor is currently using a sensor
testing platform that requires an assembly worker to mount the sensor ring on to the tester. The tester is
then initiated and outputs a reading so that software acquires the data and determines whether the sensors
will pass or fail for use in a compressor. The existing mechanism that displaces the sensors ring has
backlash, which leads to inaccurate sensor reading. Thusly it is unsuitable. The problem that arises is the
platform continuously needs to be calibrated after a certain amount of sensors are tested. This slows
productions time down and decreases the reliability of the test rig. In order to improve efficiency, a
system which reliably tests the sensor is needed.

Constraints

Danfoss Turbocor has a set of requirements that the new system must be able to do. The fixture
must be able to test in the XYZ-Directions independently. Unlike the current system where when the X-
Direction sensor is tested, the reading given off by the Y-Direction sensor changes, this systems has to be
able to measure one sensor without affecting the others. There must also be at least three positions at
which the sensors can stop and take readings from. Generally it would be from the two extremes of the
sensors and when the shaft is centered in the ring. A resolution of 2 micrometers is required for our
displacement measurement, so that the sensors can accurately be compared to it. In total, the shaft must be
able to move 400 micrometers diametrically, or 200 micrometers radially. Finally, the system has to
minimize the backlash so that the known displacements the shaft is moving can be compared to the

Sensors.



Background

Our team was tasked with developing a production test fixture for testing of the sensor rings that
are used inside their extremely efficient compressors. The most important feature being the test fixture
must create uniaxial displacement for testing the sensor ring’s sensors individually for each direction.
Initially the most appealing design was to implement a three-direction linear stage, one that would be

designed and fabricated by hand. This proved impractical and not favorable for our time constraints.

So our next concept included using a commercial linear stage (Appendix 1) to maintain the
precise movements, and building a fixture around that. However, this design had its flaws as well. High

cost and excessive manual operation requirements hindered further development.

The final design proposal has a completely new approach to the testing procedure. Spring steel is
planned to be utilized for a means of restricting the movement of the testing stage. This design scheme
proves to meet all of the needs of Danfoss Turbocor, creating uniaxial movement that will both be
observed and measured by the sensor rings. The advantages of this design far outweigh its downfalls,

which still stack up against the previous design concepts.



The Final Design

The final sensor test fixture design utilizes a spring concept paired with gas cylinder actuators to
create three measurement positions. The sensor ring is mounted to a table. The table itself displaces
along with the sensor ring. A mock shaft, mounted to the base plate, extends upward through the sensor

mount table and the sensor itself.

Several sub-systems make up our final sensor ring test fixture design. The spring system is the
primary element to our design. For this portion of our design, we are going to utilize a series of flat
springs to center our test fixture after displacement occurs. To create displacement, a set of two air
cylinders are mounted to either end of the fixture. A guide system helps us to maintain uniaxial motion.
This guide system is located underneath the sensor mount table. The sensor ring itself is rotated 90° to
switch from X measurements to Y measurements. For the Z direction, we chose to utilize a micrometer
coupled with a spring bracket system. To ensure that we get no more than a total of 400 microns of
displacement, we included a system of precision screw stops to restrict the movement of the sensor ring
mount table. Finally, a set of LVDT’s are used to acquire independent measurement of displacement. In
the figure below is a SolidWorks rendering of our final product. In the paragraphs to come, each sub-

system is described in more detail.

Figure 3: Fully assembled sensor ring test fixture



Switching From X to Y Axis Measurements

In order for the test fixture to independently test each axis using the spring steel, the user is
required to rotate the sensor ring 90° in the counter clockwise direction. This moves the two tested sensors
around and exposes the other two radial sensors to the linear movement. This can be seen in Figure 4.

Figure 4: Left position-fixture takes X measurements, right position-fixture takes Y measurements



Spring System

On our design, there is a series of springs that are designed to allow movement in only one
direction. This system consists of flat springs that are positioned normal to our sensor mount table and
perpendicular to the test fixture’s base. This allows for movement table movement only in the directions

normal to the face of the flat springs.

Figure 5: Spring system

In addition to creating uniaxial movement, the spring system’s purpose is to return the sensor
mount table to a center position after we have taken displacement measurements at the two extreme
positions. In order to do this, we need a series of springs that will provide enough force to return the table
to the center position, despite any frictional forces created by the slide system underneath the table. At
the same time, the amount of force required to displace the table the required 200 micrometers in each

direction needs to be small enough to not overload or air cylinder system.

Our approach to this problem was to analyze a variety of spring configurations and sizes prior to
selecting our air cylinders. This allows us to attain the required amount of force to push the table so that
we can select the proper air cylinders. In order to calculate the force required to push the table, we used

finite element analysis with SolidWorks.
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First, we needed to select a proper material in order to fabricate the springs. Our choice was to
use AISI 301 spring tempered stainless steel as it has all the spring a stress qualities we require. It is also
readily available through McMaster-Carr’s online inventory. Then we ran stress and displacement

simulations with various spring thicknesses and spring quantity.

Our initial configuration utilized four, two millimeter thick springs positioned in the manner
shown in the figure below. The length of our springs was fixed due to space restrictions. The four spring
configurations yielded a favorable amount of force required to displace the table 200 microns. However,
this configuration required created too much stress on the springs, about 117 MPa. The yield strength for
our spring steel is about 207 MPa. This is a factor of safety less than two, where we would prefer a factor

of safety greater than three.

Figure 6: Four spring SolidWorks simulation (direction of motion indicated with pink arrows and red

areas indicate regions of maximum displacement)
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Next, we chose to use a six spring configuration. This is better than the four spring configuration
for several reasons. First, the table is less likely to veer off the preferred axis of travel when force is
applied than a four spring configuration. It also creates less stress per spring than the four spring set up.

Our initial six spring configuration also utilized two millimeter thick springs.

Figure 7: Six spring SolidWorks simulation (direction of motion indicated with pink arrows and red

areas indicate regions of maximum displacement)

Using the six spring configuration with two millimeter thick springs gave us a favorable factor of
safety but required too much force, approximately 175 Ibf, to move the table 200 microns. It should be
noted that our test fixture is relatively small, so large air cylinders are very difficult to mount onto our

device. With this in mind, we chose to reduce the thickness of the springs to one millimeter each. When
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this change was made, the required force for 200 micron movement was much more favorable. As we

can see in the table below, with this configuration we require about 23 Ibf to displace the table 200
microns in either direction.

Applied Force vs. Displacement
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Graph 1: Applied force vs. displacement (6 springs, 1mm thick each)

The stress created on our springs was also more favorable. At 200 microns displacement, there
was a stress maximum of 58.2 MPa on our springs. The maximum allowable stress on our springs before
yielding occurs again is 207 MPa. This gives us a factor of safety of 3.5. The figure below shows the

stress vs. force curve of our system. Again, the amount of force required to move our sensor ring 200
microns is 23 Ibf.
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Von Mises Stress vs. Force
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Graph 2: Stress vs. applied force (6 springs, 1mm thick each)

Our final decision was to use the six spring configuration with one millimeter thick springs. This
provides us with a favorable amount of force required to move our sensor ring mount table. It also

provides us with a system that is not over-stressed and prone to break at the springs.
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Air Cylinder System

The purpose of the air cylinder system is to move the sensor ring mount table to positions of
positive 200 microns and negative 200 microns. One air cylinder will be mounted on opposite ends of the
sensor mount table. They will provide movement along the movement axis of the table. Only one air
cylinder will be engaged at a time. As one is engaged, the table will move to its positive extreme
position. A measurement will then be taken by the sensor and the test fixture’s LVDT’s. At that point,
the air cylinder will be disengaged. Next, the other air cylinder is engaged and the process is repeated for

the negative extreme measurement.

Our choice of air cylinder was dependent upon the analysis of the spring system described earlier.
We needed to choose the smallest air cylinder that could sufficiently meet our requirement of 23 Ibf.
Also, although stops are in place to prevent excess movement of the sensor mount table, we wanted to
choose an air cylinder with a small stroke. For mounting purposes, we also require threads on the end of

the cylinder’s housing to screw into our mounting brackets.

Figure 8: Air cylinder system (indicated in red)
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The air cylinder chosen for our design is MCMASTER-CARR part number 6498K132. This is an
air cylinder with a 1/2 inch stroke and 5/8 inch bore size. At 100 psi, it produces 28 Ibf. They are

available with and without spring return and can be easily threaded to our mounting brackets.

Figure 9: Air cylinder (McMASTER-CARR part # 6498K132)
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Z Axis Motion and Measurement System

Below the sensor ring carriage there is a spring-loaded bar, which is used in tandem with a
micrometer head and LVDT to generate movement and sense displacement in the Z direction. The
thickness of the test stage is greater than 400 microns, so a different way to measure the Z direction had to
be developed. A rod protrudes from this platform and rises to the location of the sensor on the bottom of
the ring. The rod moves as the micrometer head moves, but because the rod is close to the sensor we are
able to get accurate measurements without any outside disturbances. The base platform is spring-loaded
so that it can be raised and lowered by the micrometer head. The platform is polished so that as the testing
system moves in the linear direction the rounded heads of both the LVDT and the micrometer glide across

the platform. This is essential so that the heads do not break or get bent.

Ea

L\ |
|| gq o

Figure 10: Z axis measurement system (indicated in red)
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X-Y Axis Combination Slide System

On the under-side of the testing stage, there are two linear translation guides. Two fixed blocks on
the stage house linear bearings that control the movement of the test stage to only along the axis of the air
piston. This is done to counteract the spring steels material characteristics that will tend to force the stage
to translate outside of uniaxial movement, thus the need for linear guides. A clear image of the guides is

shown in Figure 11.

Figure 11: Sensor ring mount table slides used for X and Y direction (See ring rotation description, slide
system indicated in red)

Grounded Slide Rod

/

Linear Bearing

Figure 12: Sensor ring mount table underside with grounded slide rods and linear bearings
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Mechanical Stop System

In order to prevent the sensor ring mount from traveling pass 200 microns, a stop is required.
Many methods can be implemented such as micrometers or screws. Using screw-stops triumph other
methods because we are able to easily and quickly adjust the distance if needed. The screws that will be
use are known as precision thumbscrews. Shown in the Figure 14 are the actual screws. It is made from
18-8 stainless steel, and it can withstand operating temperature up to 160°F. The heads sit on a shoulder
making it easy to grab, and it is knurled, preventing it from slipping while being adjusted. The extremely
fine thread gives exact control. Turning it will displace a small amount of distance, as require in our
fixture. The screw will have a large round flat head, thus being able to handle the stress cause by the force
of the table striking it. Maintenance is stress-free and also inexpensive. The screw can simply be taken
out and replaced as often as needed. Show in Figure 13 is where the screw will be positioned. Two stops

will be use, one on each side of the table.

Figure 13: Mechanical screw stop system Figure 14: precision thumb screw
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LVDT: Displacement Measurement System

The LVDT’s shown in red in Figure 15 are used to account for any instances where backlash may
occur. There is one mounted parallel to the motion caused by the air pistons, which observes the
movements that tests the radial sensors. Similarly there is an LVDT mounted in-line with the axial sensor
testing mechanism, to track the testing movements. The LVDT’s were donated by Danfoss Turbocor,
each of which has a resolution of 0.5 microns. This is more than enough to observe and quantify the

physical displacement that takes place during the testing process.

Figure 15: LVDT measurement system (indicated in red)
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Current Cost Analysis

The cost analysis table that follows lists all parts and raw materials required to build our sensor

ring test fixture. However, it does not account for any machine hours or labor required for assembly of

our device. More research needs to be done to accurately estimate the cost of labor. All machine hours

and labor costs will be accounted for in further reports. It should be noted that although our parts and raw

materials cost are well below our target budget of $2000, the final cost could be significantly greater due

to the large amount of machining that will most likely be required.

Quantity Materials Cost/Quantity Cost
1 Multipurpose Aluminum 1/2" Thick X 8" Width X 1" Length $33.09 $33.09
1 Multipurpose Aluminum 1" Thick X 6" Width X 1" Length $51.61 $51.61
1 Spring Tempered 1074/1075 Spring Steel .094" Thick, 1/2" Wide, 5' Long $26.18 $26.18
1 Multipurpose Stainless Steel (Type 304) 2" Square, 1' Length $130.39 $130.39
1 Multipurpose Stainless Steel (Type 304/304L) 7/16" Diameter, 3' Length $14.04 $14.04
1 Type 316 SS Compression Spring 2.656" Length, .625" OD, .054" Wire Diameter, packs of 6 $10.75 $10.75
1 Grade 8 Alloy Steel Hex Head Cap Screw Zinc Yellow-Plated, 7/16"-20 Thread, 4" Length $7.63 $7.63
1 Type 316 Stainless Steel Hex Nut 7/16"-20 Thread Size, 11/16" Width, 3/8" Height $5.22 $5.22
1 Multipurpose Stainless Steel (Type 304/304L) 3/16" Dia, 6' Length $9.36 $9.36
4 Fixed-Alignment Linear Ball Bearing Closed, Stainless Steel, 3/16" Shaft Dia $9.18 $36.72
1 Multipurpose Aluminum (Alloy 6061) 2-1/8" Diameter X 1' Length $24.62 $24.62
Grade 8 Alloy Steel Hex Head Cap Screw Zinc Yellow Pltd, 1/4"-20 Thrd, 3/8" L, Packs of

1 100 $12.30 $12.30
2 18-8 SS Precision Adjustment Thumb Screw 3/16"-100 Thread, 3/4" Length $14.88 $29.76
2 Stainless Steel Air Cylinder Nose-Mount, Spring Return, 5/8" Bore, 1/2" Stroke $12.75 $25.50
2 Linear Variable Differential Transformer $600 Donated

TOTAL $417.17

COST +Labor

Chart 3: Sensor test fixture cost analysis (excluding machine hours)
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Future Work

Assembly

In the upcoming semester, there are several tasks that need attention in order to complete our
design. First, we need to order all of our parts and raw materials. So far, all parts and materials can be
obtained through McMaster-Carr.

Next, we must turn our part drawings and raw materials in for machining. Due to restrictions on
the tolerances of our parts, Danfoss Turbocor has graciously offered to machine our parts for us. Special
attention must be paid to the alignment of our parts in order to maintain precision. Once this is complete

and all other parts have been received, we can assemble our sensor ring test fixture.

Calibration and Testing

Calibration and testing will be no easy task. First, we must connect our LVDT’s to Danfoss
Turbocor’s computers to be able to independently measure the displacement of the sensor ring. Next, we
must calculate the actual ratio of air pressure to sensor ring displacement in our system as factors such as
friction and miss-alignment will play a role. In addition to displacement measurement with the LVDT’s
used by our test fixture, we must also use a separate source of measurement. This will ensure that our
system is measuring our ring’s displacement correctly. Since the test fixture that is currently in use is

deemed inaccurate, we cannot connect a known good sensor ring to our fixture for calibration.

Final Cost Analysis Revisions

A revised cost analysis must be performed that includes all machine costs as well as other

unforeseen costs that may have been acquired. This may include any wasted materials.

22



Safety and Environmental Concerns

For safe operation of our sensor ring test fixture, several precautions should be taken. First, while
pressure is being applied to the air cylinders, hands should be kept away from the test fixture. Although
the fixture is only moving 400 microns, the sensor ring mount table is moving at high velocity and
pinching could still occur. Second, Safety goggles should always be worn while performing sensor ring
tests. When setting up the test fixture, the air pressure being applied to the air cylinders should be
checked thoroughly. Too much air pressure on the air cylinders could result in broken parts becoming

projectiles.

There are no batteries, corrosives, or poisonous materials being used in our design. Furthermore,
our sensor test ring fixture is fabricated of mostly standard steels and aluminums. These are all recyclable

materials. The sensor ring itself is disposed of by Danfoss Turbocor if it has failed the testing process.

Conclusion

Our spring system simulations indicate that we will be able to displace our sensor ring without
over-stressing the springs. These simulations also show that we can create the proper sensor ring
displacement with the amount of air pressure available in a typical workshop. The linear guides will
provide us with uniaxial movement with minimal frictional forces. At the same time, the mechanical
screw stops will provide us with the desired range of motion. The design in place will provide a semi-
automated system that will allow for quick testing in a manufacturing and assembly line environment.
The only manually operated components are the Z measurement micrometer system and the switch from
X and Y axis sensors. All other components are controlled by air cylinder trigger. Lastly, LVDT’s allow
us to get precise measurements of displacement without having to use any assumptions, like in Danfoss

Turbocor’s current test fixture.
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Appendix

Appendix | — Initial and Preliminary Design

Initial Design Concept

Base Plate
Sensor Ring
T Spring
Ball Bearing
e IS
= =
= = Micrometer
Shaft

Figure Al - CAD of initial design concept

At first glance, the testing stage looked promising. Uniaxial displacement was possible using the
micrometer heads for locomotion and ball bearings to limit the displacement to the axis through the
micrometer. The third direction would be tested using the assembly on the bottom-side of the stage. The
total displacement would never exceed 400 microns (about 4 average human hairs). The displacement is
not an issue however with the ball bearings on the sides and bottom of the test stage. When one direction
of testing is engaged, the roller bearings let the stage roll effortlessly in the desired direction.

What appealed most about this design was the fact that it does create three measurable positions
of displacement, added that all are directionally independent of each other. Also appealing, was the
likelihood of a relatively low cost of manufacture. This however is true only because the entire test fixture
would have to be machined by hand. Turbocor has imposed a minimum accuracy of 1-3 micrometers,
which without expensive machinery, is extremely difficult to accomplish. That being said, the low cost of
manufacturing proves to be a downfall of this design. There is no need to reinvent the wheel when there
are commercially available linear stages that are more than capable of achieving this magnitude of
accuracy. Also adding to the ineffectiveness of this design is that there no solution for backlash that may
occur during testing, which is the main reason Turbocor has proposed this design project in the first place.
Several changes were implemented to correct these issues.
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Corrected Design Concept

During the design phase of the initial design concept, it was clear that a solution was needed to
resolve the issue of inaccuracy and backlash. The most apparent cause of the possible backlash and
inaccuracy was the construction of the testing stage and its components. Machining these parts to be
accurate to 1 micron would be too difficult and time consuming. Therefore the design took a turn towards
commercially available linear stages. The stage of interest was the New Focus Gothic-Arch 65-mm
Platform Translation Stage, part number 9063-XYZ.

LVDT

Sensor Ring

XYZ Table

i

Actuator

Screw Stops

Figure A2 - Corrected linear test fixture CAD

This corrected design features the compounded product from New Focus, which consists of three
uniaxial stages mounted on top of one another to create displacement in three directions. Micrometer
heads handle the actuation once again, but mechanical stop are shown, and their role was to limit the
movement of each platform to the maximum of 400 micrometers. Mounted to the vertical linear stage is
the testing fixture that consists of the mock shaft and holding stage for placement of the sensor ring. The
vertical stage is mounted using an attachment shown in the image, which shifts directly with the actuation
of the micrometer heads. The testing fixture comes off the attached vertical stage and holds the mock
shaft. The mock shaft is moved inside the sensor ring to create uniaxial displacement.

The three stage fixture is capable of testing each axis of sensors independently because of its
ability to return to the starting position via the spring loaded platforms. Also seen in the image are
LVDT’s. This is the solution to the backlash that may occur during testing. When the testing stage is
displaced, the LVDT’s will very accurately track every step of movement that occurs. The resolution of
the LVDT’s donated by Turbocor is 0.5 microns. This is more than enough to meet Turbocor’s needs of
1-3 microns. On the under-side, an additional piece does the testing for the axial movement sensor.

The accuracy issue is resolved with the commercial linear stage with this corrected
design, which leads to the benefits of the design as a whole. Precision in testing the sensor ring is
imperative, and this design has the capability of being extremely precise. Linear displacement is once
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again uniaxial, and any backlash is immediately observed by the LVDT’s and errors in measurement are
accounted for. However, significant drawbacks still exist in this design. The commercial linear stage
brings our estimated cost upwards of $2000, not practical if multiple fixtures are to be built. Also
hindering the development of this test fixture design is the fact that all of the testing is still completely
manual. Although the commercial linear stage is extremely accurate, automating it is close to impossible
without investing in $900 Pico motors for each movement axis.

Final Design Proposal

In the final stage of the design process the most important task was to seek alternate means of
accurately and precisely displacing the testing stage a distance equal to the thickness of 4 human hairs
lying next to each other. The solution we discovered was spring steel.

In an effort to drastically reduce the cost of manufacturing the testing fixture, the commercial
linear stage needed to be left behind. A completely redesigned testing fixture and sensor ring stage were
developed to accompany the new means of movement control. Also with the conversion from commercial
linear stage to spring steel test stage, the need for three LVDT’s no longer exists. Thus, reducing the cost
even more.

The final test fixture, without commercial stage, is now capable of being fully automated. To do
this, air cylinder pistons are to be the primary means of actuation. Again there will be mechanical stops to
limit the displacement to the desired amount. The air pistons must be able to provide enough force to
overcome the movement restricting force the spring steel has on the test stage. Several test simulations
were conducted using Solid Works software to determine the necessary force requirement.

The air pistons provide actuation for testing the sensors in the radial X and Y directions.
However, the axial sensor in the Z direction must remain manual. The fixture utilizes a separate
mechanism to perform this test. The mechanism is displaced using a micrometer. No LVDT is needed due
to the fact the displacement is directly through the micrometer head.
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Micrometer

Spring
Figure A3 - Final Test Fixture Design

The finalized test fixture design boasts many improvements over the previous designs. The
manufacturing cost is extensively reduced without the commercial linear stage. Also reducing the overall
cost is the need for only two LVDT’s. Turbocor has generously donated two already so there is no longer
a need for a third $600 LVDT. Independent linear displacement is also easily executed with this fixture
design utilizing the spring steel for movement restriction. And finally, the testing time is greatly reduced
by performing the test using the two air cylinder pistons.
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Appendix Il — Part Drawing

. Klup asn s1wepedy

9SU92IT JUBPN}S SHIOMPIIOS

40 NOISSIWa3d N3LLdM 3HL LNOHLM
310HM V SV 4O LaVd NI NOILONQO¥d3¥

ANV "<NJANON AND 2 INRE SRIHD>
40 AL¥3d0¥d 3108 3HL S| ONIMVIA
SIHL NI GINIVINOD NOILYWYO4NI 3HL

TVIINIQIINOD ANV A¥V1INdO¥d

L | [4 | € 14
_. mo _. ._-mm_l_m _ “HIo_m;— .V._. “m:_<om ONIMY¥A ITVOS LON Oa NOILVYOINddvY
NO @350 ASSY IXGN

oJo|d osog |V
A ‘ON "OMd]| 371 i VRV
SINIWNOD %34 ONIDNVATIOL
VO DRIBWOID 134d¥3INI
“¥ddV OIW ¥ IYWID3A 30V1d 33¥HI
- ¥ TYWIDIA 3OVId OML
3ddYONI | 3 gnag  FHOWW RIVINONY
. ™ FIYNOILOVS
= DO ‘SIONV2310L
NMVYQ WA NI 38 SNOISNIWIQ
ava | 3IAWN :03141D34S 3SIM¥IHLO SSTINN

[ |

Ol ——= = .
cCorl
YLl —=

144480 N

NYHL TII¥A 05°S @ —

31



: e ! & | v . Kup asn s1wspesy

|
[ 4O | 133HS _ “._.Imu_mg_ 1:1 :3IvOS ONIMY¥Q TT¥OS LON OQ NOILYOMddY 9SU3IIT] Jusapn}sS SHIOAAP!I|OS
_ _ R ASSV IXEN 40 NOISSIW3d N3LINM 3HL INOHLIM
adoDI ol HSINH JIOHM ¥ SV 0 13¥d N NOLLDNAOHd3S
.— v_ Q U N ANV “<NIANON AND ® ¥NI¥E SIHHD>
. . 40 AL¥3O¥e T10S 3HL S| ONIMYAA
AN ON 'OMd| 37IS T WVRALYW SIHL NI GINIVINOD NOILYWAOANI 3HL
- ¥3d ONIONV2IT0L VIINIQHNOD ONY A¥V.3INdO¥d
VO DRI3WOID 134dIINI
“¥ddV OIW ¥ TYWID3d 30V1d 33¥HL
- ¥ TYWID3A IOV1d OML
3ddYONI | 2 gngg  FHOWW AVINONY
. aDIHD FIYNOILOVS
L] ‘SIONVAII0L
NMV¥a WIN NI 33V SNOISNIWID
ava IWVN *@3HIDIS ISIMEIHLO SSTINN

O 0z Sl

S | 0S _

08

62°9¢

0ol

32




. Kup asn s1wepesy

9SU9DIT JUSPM}S SHIOMPIIOS

30 NOISSIWY3d N3LU¥M 3HL INOHLUM
F10HM V¥ SV O L13Vd NI NOILONAO¥L3E
ANV "<NIFANON AND 2 ANIXE SRIHD>

40 ALI3d0¥d I10S 3HL S| ONIMVIA

SIHL NI G3NIVINOD NOILYWIOINI 3HL

TVIINIQIHNOD ANV A¥VI3INO¥d

L | 4 | € 14
| 40 | 133HS _ IHO13 >>_ 1:Z :37v2DS ONIMY¥A 31¥DS LON O NOLLYOIddY
— NO @3sn ASSY XN
sbuudsjeals |V o
AN ‘'ON "OMd| 3zIS i WVRALYW
SIENNOD ‘¥3d ONIDNVIT0L
VO DRIEWOID 134d3INI
“¥ddV OIW F TYWIO3d 30V1d 33¥HL
= ¥ TYWIO3Q 30V1d OML
3ddYONI | 2 gngg  FHOWW AVINONY
. aDIHD FIVYNOILOVYS
3101 'SIDONVAII0L
NMV¥a WW NI ¥V SNOISNIWIA
ava INVN 1Q3IHID3dS 3SIMITHLO SSTINN

o —

0s

33



. Kup asn s1wepesy

9SU9DIT JUSPM}S SHIOMPIIOS

ASSV LX3N 40 NOISSIW3d N3 LM 3HL INOHLIM
JI0HM V S O 18Vd NI NOLLONQOHE3¥

ANV "<NIFANON AND 2 ANIXE SRIHD>
40 ALI3d0¥d I10S 3HL S| ONIMVIA
SIHL NI G3NIVINOD NOILYWIOINI 3HL

TVIINIQIHNOD ANV A¥VI3INO¥d

L | [4 | € 4
| 4O | 133HS _ IHO3 >>_ Z'1 - 3vOS ONIMY¥A TT¥DS LON OQ NOLLYOIddY
< = NO @3sn
INI
¢ 910|d SpPIS [[OWS
AN ‘'ON "OMd| 3zIS X WVRIIYW
SIENNOD ‘¥3d ONIDNVIT0L
VO DRIEWOID 134d3INI
¥ddV OIW F IVWID30 30V1d 33HL
= ¥ TYWID3A IOV1d OML
3ddYONI | 2 gngg  FHOWW AVINONY
: FIVNOILOVS
3101 B ”muzsm;oh
NMV3Q WW NI ¥V SNOISNIWIA
ava IWVN 1Q3IHID3dS 3SIMITHLO SSTINN
] Gl

\
7
—~

14

0l

34



: _ : _ € _ v . Kug asn olwepeoy
1 40 1 133HS | :1HOBM ZL :F1vOS ONMYRQTIVOS 1N O vovony  @SUDDIT JUBPN}S SHIOAPIIOS

NO @380 ASSY IX3N 40 NOISSIWA3d NILUYM 3HL INOHUM

| ayoid apis owg TR oA Lk cses

AN ‘'ON "OMd| 37IS i WVRIIYW m_hw zﬁwwummuw%mwﬂwﬂmowﬁ%m

SISHNOD B oo, VIINIQHNOD ANV AYV1INdOYd
YO 1y L3N dY3INI
“¥ddV OIW F IYWIO3d 30V1d 33¥HL
- F YWI30 30V1d OML
YIVONI | 3 aNze FHOVW AVINONY
3L e Pdvestis
NMVYYa WW NI 3¥V SNOISNIWIQ
ava | 3IwwN “03HID34S 3SIMETHLO SSTINN
g9
s o]
Sl 0S'SQ Gl =
0 —=
qcl @
S
e
| .
\l’ ford Ti ﬁ
Bir—s ol

35



. Kup asn s1wepesy

9SU92IT JUSPM}S SHIOMPIIOS

30 NOISSIWY3d N3LU¥M 3HL INOHLUM
F10HM V¥ SV O L13Vd NI NOILONAO¥L3E
ANV "<NIFANON AND 2 ANIXE SRIHD>

40 ALI3d0¥d I10S 3HL S| ONIMVIA

SIHL NI G3NIVINOD NOILYWIOINI 3HL

TVIINIQIHNOD ANV A¥VI3INO¥d

_. | & | € 4
| 4O | 133HS _ IHO3 >>_ [RA=EL0) ONIMY¥A TT¥DS LON OQ NOLLYOIddY
il NO @3sn ASSV LXaN
CC‘_ mm v__m Y s
.

AN ‘'ON "OMd| 3zIS X WVRIIYW
SIENNOD ‘¥3d ONIDNVIT0L
VO DRIEWOID 134d3INI
¥ddV OIW F IVWID30 30V1d 33HL
= ¥ TYWID3A IOV1d OML
3ddYONI | 2 gngg  FHOWW AVINONY
: H FIVNOILOVY4
3101 B 'SIDONVAII0L
NMV3Q WW NI ¥V SNOISNIWIA
ava IWVN 1Q3IHID3dS 3SIMITHLO SSTINN

7T N

T
Py
N2

36



. Kup asn s1wepesy

9SU92IT JUSPM}S SHIOMPIIOS

30 NOISSIWY3d N3LU¥M 3HL INOHLUM
F10HM V¥ SV O L13Vd NI NOILONAO¥L3E
ANV "<NIFANON AND 2 ANIXE SRIHD>

40 ALI3d0¥d I10S 3HL S| ONIMVIA

SIHL NI G3NIVINOD NOILYWIOINI 3HL

TVIINIQIHNOD ANV A¥VI3INO¥d

_. | & | € 4
| 40 | 133HS _ IHO13 >>_ Z'1 3 31IvOS ONIMY¥A 31¥DS LON O NOLLYOIddY
NO @3sn ASSY XN
Hoys v
AN ‘'ON "OMd| 3zIS i WVRALYW
SIENNOD ‘¥3d ONIDNVIT0L
VO DHIBWOID 153d¥IINI
“¥ddV OIW F TYWIO3d 30V1d 33¥HL
= ¥ TYWIO3Q 30V1d OML
3ddYONI | 2 gngg  FHOWW AVINONY
. aDIHD FIVYNOILOVYS
3101 'SIDONVAII0L
NMV¥a WW NI ¥V SNOISNIWIA
ava INVN 1Q3IHID3dS 3SIMITHLO SSTINN

9Z SNIPOY —_

)

ﬁvl_

37



: _ z _ € v . Klup asn os1wepesy
L 4O | 133HS _ “._.Imu_m\s_ [ARERL 20N ONIMY¥J 3T¥OS LON OQ NOILYONddY 9SU3IIT] Jusapn}sS SHIOAAP!I|OS
R ASSY IXaN 40 NOISSIWAEd NLUI¥M 3HL INOHLIM
FIOHM V SV JO L13Vd NI NOILONAOYd3¥
olop] Josues |V o Y o N e
. . 40 AL¥34O¥d 3108 IHL S| ONIMYAQ
A ON "OMd| 37IS ] VRILYW SIHL NI GINIVINOD NOILYWAOANI 3HL
‘SINIWWOD iSOl VIINIQNOD ANV A¥VIINdO¥d

VO DIIINOIO 134d3IINI

“¥ddV OIW F IYWIO3d 30V1d 33¥HL

= ¥ IYWIDIQ 3DV1d OML

¥ddVONI | 3 gNag  FHOWW IVINONY

. FIVNOILOV4

3101 DA 'SIONVIIOL

NMY3a WW NI 33V SNOISNIWIQ

ava IWVN :Q3HID3dS ISIMITHLO SSTINN

VA
0519 02 60 —
SO —
|74 z
4_
051

0c

Gl

38



. Kup asn s1wepesy

9SU92IT JUSPM}S SHIOMPIIOS

30 NOISSIWY3d N3LU¥M 3HL INOHLUM
F10HM V¥ SV O L13Vd NI NOILONAO¥L3E
ANV "<NIFANON AND 2 ANIXE SRIHD>

40 ALI3d0¥d I10S 3HL S| ONIMVIA
SIHL NI G3NIVINOD NOILYWIOINI 3HL

TVIINIQIHNOD ANV A¥VI3INO¥d

L | 4 | € 14
| 4O | 133HS _ IHO13 >>_ 1:1 :3IVvDS ONIMY¥A 31¥DS LON O NOLLYDIdd¥
NO @3sn ASSY XN
opINey |y
L]
AN ‘'ON "OMd| 3zIS i IVIRALYW
SIENNOD ‘¥3d ONIDNVIT0L
VO DHIBWOID 153d¥IINI
“¥ddV OIW F TYWIO3d 30V1d 33¥HL
= ¥ IYWID3Q 30V1d OML
3ddYONI | 2 gngg  FHOWW AVINONY
. aDIHD FIVYNOILOVYS
AL SIDONVHII0L
NMV¥a W NI 33 SNOISNIWIQ
ava INVN 1@3IHID3dS 3SIMITHLO SSTINN
—— (7 —=

N

SP

Ol f=—

39



_ _ & _ € v . Kup asn s1wepesy
L 4O | 133HS _ “._.Imu_m\s_ [ARERL 20N ONIMY¥Q 31¥DS ION Oa NOWYDNddY 9SU3IIT] Jusapn}sS SHIOAAP!I|OS
NO G350 ASSV IXEN 4O NOISSIW¥E NILUM 3HL LNOHLIM
Fa) I @_ HSINH - FIOHM V SV 3O 13¥d NI NOILONAO¥d3¥
.—.O—m ® Uum -m ANY "<NIANON AND 2 ANIXE SIIHD>
: . 40 AL¥34O¥d 3108 IHL S| ONIMYAQ
A ON "OMd| 3zZIS T WVRALYW SIHL NI GINIVINOD NOILYWIO4NI 3HL
g 2¥3d ONIDNVTTOL VIINIQNOD ANV A¥VIINdO¥d
VO DIIINOIO 134d3IINI
¥ddV OIW F IVWID3Q 30V1d 333HL
= ¥ YWID3IA IOVId OML
3ddYONI | 2 gngg  FHOWW AVINONY
. aDIHD FIYNOILOVS
3101 'SIONVIIOL
NMVQ WIN NI ¥V SNOISNIWIQ
ava IWVN 1Q3IHID3dS 3SIMITHLO SSTINN
. )

(4

29

29

40



