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1.0 Abstract

This project examines the hydraulic lash adjuassembled by GenTek Technologies of
Tallahassee, Florida. The subject of interestesvillve seat surface and the polishing process
performed by GT Technologies to improve the pertomoe of the hydraulic lash adjuster. The
purpose was to develop a quality control systenalsigpof developing quantitative data on the
guality of the valve and valve seat surface anakired this quantity to oil leakage through the
valve.

The desired end state was to possess a systetnieapaetermining the predicted leak
rate of the hydraulic lash adjuster and to haverdahed whether the polishing process needs to
be applied after the supply of plungers had changea@ddition, the sponsor of the project,
GenTek Technologies, desired to improve the poigiprocess such that the finished surface
has a better quality than the products currenthgpced.

Research began with a close inspection of theentipolishing process and an
identification of what variables could be changethwhe present setup without requiring the
purchase of new machinery. Different grades oispaig stones and different materials were
identified as test subjects. The visual inspectiod air leak quality control systems currently
used were determined to be insufficient to givenitetive data on the valve seat. Therefore, a
suitable replacement was identified.

A large number of polishing processes were fouhithy for different reasons, were not
suitable for this application and it was conclutleat mechanical polishing could produce a

better result than other commonly used methods.
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What the hydraulic lash adjuster is and how does it work and effect of HLA on
automobile performance

Our design project revolves around improving thenger seat polish of GT
Technologies’ hydraulic valve lash adjuster. Toensthnd the importance of a good
plunger seat polish, we must first understand vaHash adjuster’s function is. Hydraulic
valve lash adjusters are used in most presentrdesnal combustion engines. There are
few different designs out on the market, but thégerve the same purpose; and that is to
keep the rocker arm in contact with the valve stéemo clearance is desirable to the
everyday driver because it prevents the annoyihgevaain rattling noise that may occur
upon engine startup. Additionally, zero cleararscalso crucial to the life of the valves
themselves because without it, they will burn rpfcbm the high temperature gasses
exiting from the combustion chamber, especiallygkleaust valve. That will lead to
expensive maintenance that could have been avbilede of lash adjusters.

Lash adjusters have the ability to keep the vatveero clearance before and after
thermal expansion of the valves takes place. Int wesses, the valve stem is
manufactured to a certain length during enginerabie This valve is designed to be
shorter than necessary when cold. Thermal expamdions the valves to fit the engine
perfectly and run with minimal clearance at norewdine operating temperatures.
However, the deliberate shortness of the valve sbeans that there is a gap, about

0.010” — 0.025", between the rocker arm and vateensvhen the engine is cold.

Cold Engine

Hot Engine

Rocker Arm

Predetermined
<'/ Clecrance

Zero
Clearance

hiake



Hydraulic lash adjusters compensate for valve stieontness before thermal
expansion occurs. Once the engine heats up, thethsster will yield to the force of the
expanded valve stem pushing on the rocker arman@unt of force created by a lash
adjuster is only enough to keep the rocker arnoimtact with the valve stem; only the
cam can overcome the valve spring force and puskalves open. A functioning lash
adjuster will not be able to push a valve openyQ@mnider extremely rare circumstances

will an adjuster “pump up” and prevent the valvenirclosing.
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Figure 01

Referring toFigure 01, here is a walkthrough on how lash adjusters fanct
First, pressurized oil is brought to the adjustartiie oil passage. It then enters the lash
adjuster through oil holes in the body and the g&unOnce inside the plunger’s reservoir
chamber (RC), the oil is forced down past the chetk(which works as a one way
valve) and is trapped in the high pressure chartHe€). When this trapped oil builds
up enough pressure, it pushes up on the entirgetuwhich then pushes on the rocker
arm, which in turn forces the rocker arm to a zZdearance position with the valve stem.
Notice that once a certain amount of oil is in iféC, no more can enter due to the
plunger oil hole and the body oil hole being ouabdnment. This leaves virtually no
possibility of the lash adjuster expanding so masho force the valve open. Once the
engine is turned off and the car sits parked fwhde, the oil in the HPC slowly leaks

out through an extremely small clearance betweeplilnger and the body (roughly 35



millionths of an inch). The lash adjuster is nogenin effect, which is why there may be
a noticeable rattling noise at engine startup. Harethe noise should end within a

couple of minutes, usually a few seconds with gastl adjusters.

2.2  Effect of the seat polish on valve performance

The focus of our project is on the plunger seatnehthe check ball contacts the
plunger. This area is quite crucial to the ovegalhlity of the assembled hydraulic lash
adjuster. As stated in the previous explanatiom ctieck ball is purposed to work as a
one way valve between the RC and the HPC. Ideaillynside the RC will be forced into
the HPC and trapped there by the check ball. Iggmmetry of the plunger seat prevents
the check ball surface from mating perfectly, theiéundoubtedly be some amount of

backflow.Figure 02 illustrates a good and a bad plunger seat matirfgce.
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Figure 02

If the mass flow rate of oil leaking back into tR€ is too large, the pressure in
the HPC will not build up enough for the lash athuso function as it should. The
importance of attaining a good mating surface chsahigh priority that GT has
designed a test specifically for the plunger sehieck ball seaFigure 03 demonstrates

this test. They place a check ball on top of thegér seat; then they clamp an air jet on



top of the plunger, symbolizing the high pressuransber. Most of the air flow is

blocked, but a small portion makes it through ® itbservoir chamber. The testing device
is able to get a measure of the flow being blocRéx results are displayed on an LED
scale. Good plungers with a low amount of leakageyce a reading in the “green”

region on the scale. Failing plungers with too migetkage produce a reading in the
“red” region.
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Figure 03

If a failing plunger is found, production stops imdnately and the bad plungers
are weeded out. It would be a devastating blonéocbmpany if a large quantity of poor
guality products hit the market. They would haveldoa recall on the parts, they would
lose credibility as a reliable manufacturer, arelytmight even face a lawsuit. Looking at
money the company could potentially lose due t@peing malfunctioning lash

adjusters, it is very much worth discarding a battfaulty plungers at one dollar a
piece.



2.3  Polishing Process

The polishing process used by GT technologies bas btandardized over the
past 12 years of operation. The plungers useldeimydraulic lash adjuster were
tempered at 400 °F to help increase its strengéhside effect being the scales produces

at the plunger seat. The process was originaduoired to rid the seat of the plunger of

scale and other imperfections.

A side effect of polishing the plunger seat is tinat radius of the check ball is
imposed onto the seat, which provides more sudiaea for the check ball to sit. Once,
the manufacturer heat treated the plungers. Thésanvaecessary step to remove carbide
scale that would adversely affect product perforcean
T — g T

See Appendix E for more microscopy pictures



GT Technologies wishes to utilize the advancemeigchnology to stay
competitive. The manufacturer supplying the pluades changed the way produces the
parts. The plungers have moved changed from beagtreated the plungers to cold
formed. The plungers retain their strength withibetside effects of scale deposits on
the plunger seat. However, GT Technologies hasipdated the processing of the
plungers. The polishing process continues, but imstead of removing the heat scale
the machines are actually grinding grooves intostet. The grooves actually degrade
surface finish. This could allow oil to leak fastean intended causing engine noise that
is not destructive but affects customer percepfldme goal is to reduce this side effect
and determine if the process is even necessary.

The polishing process is autonomous. Three mastperform the polishing:

1. A hopper that stockpiles raw parts, orients in gkens with the valve in the
proper direction, and feeds them to the spindle

2. A spindle that holds the plunger during polishimgl &jects them when finished

3. Adrill arm, offset at a previously optimized angjl@dapted to hold a polishing
stone and geared to polish for a set time

T

Polizhing Stone

T2

2S00 polishes later
(dramatization)

<] |

Plunger
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The polishing process repeats a five step cycle:

1. A plunger is fed to the spindle which rotates thenger counter clockwise

2. The drill arm translates forward coming into contaith the plunger
valve seat

3. The drill continues to translate forward a presstathce, depressing a

spring in the drill head and applying a fixed amtoofrforce from the
polishing stone to the seat
4. The drill head finishes its cycle and retracts, @gmg contact of the
polishing stone with the valve seat
5. The spindle finishes its timed cycle and ejectspiliager
In order to protect GenTek Technologies proprietary process, the specific details
have been deliberately omitted.
Mechanical polishing has many variables that affleetsurface finish. Eight of these
variables were identified and are listed below:
1. Polishing stone material
2. Drill/polishing arm pressure
3. Drill head rotational speed
Plunger holding rotational speed
Lubricant
Time duration of polishing

Angle of drill head offset from plunger

© N o g &

Longevity of polishing stone use

This process repeats for another 499 parts. QmecBQO part capacity of the
stone has been reached the machine stops anddreammust change the stone and
restart the machine. This 500 part cycle takesiaB® minutes.

The stone currently used is course grit %" x 4ind ruby stone. This single
stone is cut into four polishing stones with th® diameter of the check ball cut into the
head. The stone used is manufactured by a congadieg Gesswein. They produce
multiple grits of this same material as well aseotfinishing stones of the same
dimensions and different materials.

See Appendix F for Screenshots of www.gesswein.com
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0 Technical Investigation
1  Calculation of Valve Contact Surface

Calculation of the surface finish is reasonablyen Once a high resolution side
view picture is obtained that contains the fullahéall, the peaks and valleys of the

grooves can be measured normal to the surfacepitheae shown below and left is a

w

400x magnification of a plunger that has been trigits long axis. For future testing,
the accuracy of the surface calculations requirasthe plungers be cut exactly in half.
This will be done by measuring the sectioned plungth precision calipers to verify

that the piece is exactly half the diameter ofamdard plunger.

168

@ 335
Valve Port

|ZVGIV@ Port

<:>e
N

Measuring the contact surface is also relativatypse. The ends of the contact
band can be plotted on a coordinate system witleehéer of the check ball as the origin.
Then a multi-variable calculus formula can be agpthat finds the area of a surface of
revolution. The contact surface can be viewed @galimensional surface revolved
around a central axis that passes through therceintiee valve hole and the check ball.

Once coordinates are established, the “heighthetiand is found by simple algebra.

Origin _ — h
1 (xy)=10,0) Y2791
y=d _
Surface area =S

See Appendix G for proof

(x.yl=lc,d)
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3.2  Theory of cause of leaks

The main characteristics of the hole can be di/idéo two categories: geometry
of the valve hole and surface finish of the saédlve geometry is determined solely
during the manufacturing of the plunger, which tagkace at the suppliers
manufacturing plant and is beyond the scope ofdkjgeriment. Surface finish is
determined by many factors, some of which can B#yeehanged and some require

retooling and new machinery.

The specifications for the valve are as follows:
» Valve port is 0.086” +0.006” diameter
» |deal port is countersunk at 86° angle
» Tapered valve contact surface is a minimum of 0.90@e after polishing
* Check ball used is a 0.125” £0.00012" diameter gr2dl ball bearing

See Appendix H for Pro Engineer model and live picture of plunger

According to Ken Bunne, an engineer employed byT@gthnologies, the
manufacturer uses a triangular shaped tool tohaole in the plunger. The resulting
hole therefore slightly takes on the shape of dloké tEven after rounding out the hole in

a milling machine, the valve will retain some tigaar characteristics.

Ideal Triangular shaped die A
R 250 ctual
R 250 —— ‘)

/( 016

567
@ 600

R 250
These dimensions are not accurate to the design specifications and are exaggerated to
demonstrate the concept.

This leads to deviation of the hole from the dedineundness tolerance. Clearly, a sphere
will not share as much contact surface with a nosular hole as with a circular hole.
Less contact surface results in more leakage. efilgmeer stated that the roundness of

the hole has a larger impact on the amount of bawiffuid leakage than any other
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factor including surface finish. Consequently, tiesv quality check method would need

to measure the roundness as well as surface finish.

Technicians began to notice horizontal groovesi@malve seats after changing
the supply of plungers from heat treated to cotdhied parts. Different manufacturing
process will give the stainless steel plungersediifit properties, particularly surface
hardness. Though little is known about what caphmethod the manufacturer used
when forming the plungers, it is accurate to stiaé¢ the heat treated plungers for which
the polishing process was designed have differetténal properties than the cold
formed plungers now in use. The original purposs % remove carbide scale from the
steel. Carbides materials are alloys of metalsraminetals and carbon. Materials such
as aluminum carbide, silicon carbide, and borobidarare known for their hardness and
strength. Boron carbide is among the hardest knoaterials. Therefore, heat treated
plungers likely had a harder surface than the atireld formed plungers. Softer metals
should respond better to a softer grit polishimmnetand lighter pressure from the
polishing arm.

In conclusion, the two primary causes of leaksravmdness of the hole and
change in surface hardness of the valve seat. dd@ss has a larger effect on leakage
but is determined by the manufacturer of the plunig&urface finish will affect the
clearance between the check ball and the valvebsgdihe polishing process in its

current form may be degrading the surface quaditiger than helping it.

3.3 Cost analysis

The money spent on the polishing process is afgignt cost to GT
Technologies. The polishing machines are run dute first and second operating shift.
Each shift is 8 hours long and the polishing magesirun continuously for those 16
hours. GT Technologies operates 24 hours a day3d aweek 365 days a year. The
operating cost for each machine is approximatelg®ar. That amounts to operating
cost of $53,260.80 per year for one machine. Miyltihat by three and the total cost is
(not including operator’s cost) $159,782.40 perydane worker is in charge of

operating all three polishing machines used by @gthhologies. Depending on the labor



14

grade of the operator determines the amount of snthvey are paid for operating the
machines. In other words if they make $9.00/hiddigl by three machines that means
$3.00 more dollars is added to the operating cbsach machine. GT Technologies
even includes a 41% fringe benefit plan for its kevs, which would increase the hourly
pay of the worker to $12.69/hr. The labor gradéhefoperator is usually a 5 whom gets
paid 12.38/hr plus fringe benefits. In total, tperator makes $17.46/hr. Their hourly
rate is divided by the 3 machines and is addetstogerating cost, which now totals
$14.94/hr. This now bring the total cost of rurgnail three machines for the year to
$261,724.27 per year. Now this is for a perfeenseio with no needed machine repairs.
Since these are manmade machines with multiple mygearts, break downs are
inevitable. Clearly, running these machines gyeaits into GT Technologies profits.
See Appendix H for Tabulated Cost Data

3.4  Viton® fluoroelastomer

The analysis of the seal and the notion that GTiethto completely eliminate the
polishing process led to an idea of changing theeria used in the seal. A material
considered for the application is Viton, a fluoastbmer commonly used in engines for

O-ring, seals, and gaskets.

Fluoroelastomers are fluorinated polymers or copelss that incorporate monomers
such as vinylidene fluoride, hexafluoropropylengj ahlorotrifluoroethylene with
tetrafluoroethylene. The addition of these monapeoduces properties that make the
material resistant to oxygen, ozone, heat, swebiyngils, and fuels. This works well for
engine applications where the working fluid is ergoil. Viton has a service temperature
of up to 250 degrees Celsius or 450 degrees Faiterthowever, Viton does become

glassy at temperatures close to and below roomdeatyre.

This material would work well for this applicatita@cause it could aid in fixing the
roundness parameter. Viton is a polymer that Hasser hardness than the steel check
balls currently used. Because the initial punagdus the forming of the plunger body is

triangular, the roundness is not uniform. Thelstbeck balls used have a significantly
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smaller manufacturing tolerance to the roundnémsgtore the surfaces do not match in
the pre-polishing phase. With the use of a saitaterial, the Viton ball might be able to
deform under pressure sealing the check valve. pbhghing process could potentially
be eliminated.

The hardness of the polymer is close to that adrd Bkateboard wheel, Shore A
durometer of 95. This could be much softer thaolal steel ball. This did produce
concerns from engineers at GT Tech that it wouldbecable withstand the forces from
the engine. However, research continued to findafpossibility of using the polymer

was financially feasible.

Price quotes for Viton balls of 3/8” size were fduat $0.49 per ball from Small Parts Inc
and over $0.80 per ball from Rubber Mill. With estimate of under $0.10 per ball for
steel ball bearing balls, and the cost of the nraatyiand labor to only be $0.01 per part,
the use of Viton would increase the cost of thscpss by over $1,000,000 per year.

3.5 Alternative Polishing Materials

As part of the effort to improve polish quality adecrease machine down time
by increasing stone longevity, alternative matenaére researched. Two materials,
cubic boron nitride (CBN) and synthetic diamond evehnosen for their increased
hardness over the synthetic ruby currently usdie Hngis corporation was contacted
after Gesswein sales representatives stated tlggg Eould custom make polishing
mandrills. Engis uses two methods to coat polisimanks with super abrasive
materials; full impregnation and electroplatingustbm made polishing shanks could
potentially save time by eliminating the need fanachinist to reshape used ruby stones.

However, due to the custom manufacturing, pricaegifor the super abrasive
diamond and CBN polishing shanks ran quite high.

See Appendix J for price quote charts

Additionally, an engineer at Engis stated that adpe grinding of the relatively soft
stainless steel of the plunger might clog the sapeasive much like the ruby stones.

Even use of a lubricating mineral oil might notds®ugh to mitigate such an effect. The
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data has been included here to inform GT Techne$ogi the possibility of the use of

super abrasive materials to improve the polishimoggss.
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4.0  Quality Control System Development

4.1 Leakdownrate

The leak down rate is the automotive industry’shrad for specifying the
required performance of the hydraulic lash adjustémder certain pressure, temperature,
and oil viscosity conditions the hydraulic lashusdgr needs to evacuate the volume of

fluid in the high pressure chamber in a specifiedant of time.

See Appendix K for leak down calculation supplied by GT Tech Engineering

4.2  Setting Manufacturing Tolerances

One of the challenges of this project was to distalspecifications and tolerances
for surface roughness, roundness profile, and lpialisbandwidth. Such tolerances
would allow technicians to accurately predict theoant of leakage through the check
ball valve that would occur under operating comdis and therefore determine if the leak
down rate of the hydraulic lash adjuster fell witlsustomer specifications.

The below image describes how an acceptable sgatsumight be described.

Sealed Surface

Hon Sealed Surface
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The area enclosed by the two concentric circlegesgmts the polished band on the seat.
The green ellipses represent finite areas thathrtateinverse profile of a 1/8” diameter
sphere, such that they will contact the check bi&kh continuous line can be drawn from
one imaginary area to the next with no space iwéet contact patches then this can be
considered to be a perfectly sealed surface.etietlare areas of discontinuity between
contact patches than this is a non sealed surfBige.total amount of non sealed surface
could be calculated and leakage estimated basgttheiidth, and length.

Lubrication theory fluid dynamics was used to teeaodels representative of the
lash adjuster.Theory and Practice of Lubrication for Engineers by Dudley Fuller
provided two such models.

See Appendix L for images from
Theory and Practice of Lubrication for Engineers
These were the capillary seal and step bearing imodksing the theoretical formulas
provided in the reference book, MathCAD functiorerevcreated that can give the ideal
maximum check ball clearance given the physicalgewmetrical characteristics of the
lash adjuster.
See Appendix M for MathCAD functions

It was found that the fraction of the fluid leakatrough the check valve is
function only of the geometry of the plunger andngler body. Since the same oil
pressure and viscosity act on both the plunger loagllary, these variables cancel out
on either side of the equation. Therefore it carcdncluded that in order to reduce the
amount of leakage through the check valve one ithargeduce the effective clearance
between the check ball and valve or increase #s@hce between the plunger and
plunger body. The latter, however, would decreéhsdeak down rate; possibly to the
extent of exceeding the specification.

The greatest challenge in setting manufacturifegaace and that ultimately
caused this part of the project to be unsuccessialhow to determine the effective
clearance between the check ball and seat givéacgeuroughness and roundness.

These images below, taken frdraylor Hobson LTD’s website, show a few of
the different techniques for measuring the rounspesfile of a circle. However, the

surface that the check ball will contact the sea ifact spherical and not circular.
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Therefore, a technique for measurspericity of the seat is needed. This is because
any two dimensional surface from which a roundmesasurement is taken is not
necessarily representative of the entire contauatl blaat the check ball will sit. This is

especially true after a plunger seat has undergogeype of polishing process that will

reshape the seat.

Least Squares Reference Circle Minimum Zone Circle

Maximum Circumscribed Circle Maximum Inscribed @arc
The roughness characteristic of a surface camnéilly described by any single
parameter. A list of types of roughness paramesdrsted below.

Ra, Ra Arithmetic average of absolute values
Ry, Rrus Root mean square

Ry Maximum valley depth

Ry Maximum peak height

R Maximum height of profile
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1%

Rsk skewness

Riu kurtosis

R,on s Rim Average distance between the highest p¢
and the lowest valley in each sampling
length

R,s Average of the five highest peaks and
lowest valleys over the entire sampling
length

A solid understanding of the different roughnesarabteristics is required in order to

calculate the effective clearance between the seiidithe check ball and valve seat.

The most difficult challenge was to comprehend hlog/combination of out-of-

roundness profile and surface roughness combineetie gaps or clearance in between

the check ball and valve seat. Being able to emvisow the two surfaces contact

microscopically proved difficult. In theory, orpawerfully enough magnification any

two surfaces will contact along a series of points.

Conceptual image of microscopic

surfaces

The following questions need to be answered bdtdegances can be set:

1.

At what point or surface finish can surfaces besabered to be contacting
along a finite surface?
How much surface area do two objects need to bentact to prevent fluid

to flow in between them?
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A more in-depth study of microscopy and micro-scefais required to fully grasp
the nature of this problem. Once this is donegcBations for roughness and

roundness/sphericity can be set with greater centid.

4.3  Optical Profiler

A suggestion that will be made to GT Technologgethe implementation of an
automated surface profiler. The current qualitytoarsystem involves an air check
gauge that measures the leakage between the chkkekd plunger. The accuracy of this
method can be a problem mainly because the paresyadtthe gauge are not
standardized. Thus, an automated optical surfamfdgrrwas proposed. With a surface
profiler, the company can set several toleranceging from several measures of
roughness to roundness. Every incoming plungerheilineasured against a master copy
designed within the company.

Since the machine is automated, each part wilébted under the same
conditions. Instead of testing one piece per efigeyhundred pieces, a larger batch of
samples can be taken so that there would be lddstiood for a faulty plunger to stop
production further down the assembly line. Thiscess also serves as an integral part in
quality control research. Unlike the current aieck process, engineers can constantly
monitor the output data in order to maximize tHeafveness of the polishing process by
customizing the process for each order of pluntfescomes from suppliers.

A surface profiler can be a very effective toobumlitative analysis. Their main
purpose is to measure surface profile, roughnesspther finish parameter. There are
two types of surface profiler technologies: contand non-contact. Stylus profilometers
fall within the contact category. They measure ateftexture by dragging a sharp,
pointer stylus across the surface. Height diffeesria the tip are recorded and then used
to make an image profile of the surface. From tleasared profile, roughness and other
parameters can be calculated. Non-contact profileraescan the surface optically with a
light or laser. The optical profiler can thus ceeat2-dimensional or 3-dimensional

image.
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Surface profilometers differ in terms of measuretroapabilities and common
specific parameters. Choices for measurement dapebinclude: roughness, spacing,
waviness, and hybrid parameters; automatic defassification (ADC); flatness,
thickness, and step height; lay or pattern; angpwaibow. There are many common
specific parameters for surface profilometers. Exasiinclude: roughness average,
mean peak-to-valley height, base roughness dekinmum peak height, average peak
profile height, maximum valley depth, total roughsdeight, profile depth, maximum
roughness depth, and ten-point height. Other cedmrecommon specific parameters
include: skewness, kurtosis, waviness average,neasiheight, peak count, peak spacing
average, core roughness depth, bearing ratio,lapd.sThere are two different slope
measurements: Slope Ra and Slope Rq. Slope Ratardis a measure of the slope of
the average profile within the sample length. SIBgeor Delta Rq is a measure of the
root mean square (RMS) slope of the profile withi@ sample length.

Selecting surface profilometers requires an amabyfsperformance specifications
such as vertical range, vertical resolution, ldtexage, lateral resolution, scan or traverse
length, scan rate, and part diameter or width.i¥@rtange is the range of surface
textures or peak-to-valley distances or heightsghdace profilometers can measure.
Vertical resolution is the minimum profile-heigl#solution that a surface profilometer
can attain. Lateral range is the spatial or limaage the instrument can measure across
the sample or surface. For surface profilometeasieasure surface roughness, this is
parallel to the surface of the part. Lateral regotuis the minimum attainable
profile peak, valley or spacing resolution. Scarraverse length is the full distance,
optically scanned or over which the stylus is drafena data collection operation. Scan
rate is the speed required to optically scan og dratylus over the transverse length
during the collection of profile data.

A non-contact surface profiler is a lot fastegan test many samples at one, and
it is less susceptible to vibrations in the factiiopr. Another advantage is that they are
easily programmable and can be automated for afgpask. There are also many
disadvantages as well. These include surface winsand most importantly the
cleanliness of the lens. In the factory floor, thare many impurities that can get into the

lenses of the machine and this will disrupt theliaf the profiler readings. A proposed
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solution is to place the incoming plungers intautrasonic bath that will remove any oll
molecules or dirt that might be present in the.panbther solution that is already
implemented in other processes at GT is the ugseRdéxiglas cover that will fit around
the machine in order to keep foreign particlesaduhe objectives and other sensitive
components.

Through extensive research, the Wyco NT-9300 (pperadix ___ for technical
specifications) was determined to be the most duitachine for the job required at GT
Technologies. This model is produced by Veeco,aribee world leaders in 3D
metrology. Their expertise includes nano-scale inm@d-CD technology, and automated
profiler systems. The reasoning behind this chaias simply the advantages that optical

profilers have in an assembly line.
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Measurement Capability

Objectives

Field of View Multipliers

Measurement Array

Light Source
Stages

Optical Assembly

Computer Systemn

Software

Vertical Measurement Range
Vertical Resolution?

RMS Repeatabilityz

Vertical Scan Speed

Lateral Spatial Sampling

Optical Resolution

Field of View

Reflectivity
Step Height

Footprint

on a SiC reference mirror.

Mon-contact, three-dimensional, surface,
film thickness, tribology

1.5X, 2.5, 5X, 10X, 20X, 50X for magnifications
from 0.75X to 100X;

Long working distance objectives available;
Optional motorized turret;

Optional through transmissive media objective

0.55X, 0.78X, 1X, 1.5X, 2X;
Auto-sensing motorized selector,
discreet zoom

Maximum array 640 x 480, high-speed,
non-interlaced;
Optional 1392 x 1040 camera

Long-lifetime green and white LEDs

Automated 100 mm £ axis std.;

200 mm XY auto stage std.;

Optional 300 mm XY stage;

Optional 200 mm R-theta stage

Integrated computer-controlled illuminator;
Closed-loop precision vertical scanning
assembly

Latest Dell with 247 support Line;

Dual 17in. flat panel monitor std.;

Optional “"small footprint™ config. with

17in. flat panel monitor on Ergotron®
adjustable arm

Vision running under Microsoft®

Windows XP*® Professional;

Production mode, built-in data basing with
pass/fail for any parameter;

Optional Stitching, MATLAB/TCPIP,

Film Analysis, Optical Analysis and SureVison

0.1nm to 10mm std.

<0.1 nm

0.05nm std. [0.07 nm with PZT option)
User-selectable up to 25pm/sec

0.1 to 13.2pm (2160 nm with high-resolution
cameral)

0.55pm min. [based on Sparrow Criteria

at 600 nm)

B.45mm to 0.05mm [10.8 mm x 8. 1Tmm max.
with high-resolution cameral;

Optional stitching

<1 to 100%

0.8% accuracy;
<0.19% at 1o repeatability

1245 mm W x 775mm D x 1549 mm H

1As demonstrated by a PS5l measurement with nulled fringes on a SiC reference mirror.
2As demonstrated by taking the one sigma Rg value of 20 PS5l repeatability measurements

Mote: Specifications are subject to change without notice.
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5.0 Improvementsto Polishing
5.1 Experimental Ruby Stone Test Report
Procedure:
Collect Base Line Data
0 Measure radius on virgin cut stones (productionexmerimental) and record
0 500 pc sample runoff with production stone— coltegsamples (first and last ten
pieces out of 500 and 5 pieces at every 100 prgeevials)
0 500 pc sample runoff with experimental stone- abitegy samples (first and last
ten parts out of 500 and 5 parts at every 100ipgatval)
0 Post measurement of stone radii (production anéraxgntal)— record
o Visual inspect stone for build-up — note visual@tations and take pictures
0 Record bandwidth on 2 samples from each sampl@isetl0, 5 from 100, 5
from 200...last 10) for production and experimentahss
o0 Send 1 sample from each sample set to VEECO Instutsrio be measured for

the following:
o0 Average Bandwidth
o Roughness characteristics Ra, Rt, Rq
0 Roundness profile
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Current Polishing Stone:

Zaku XZBB 188mm B243 14 31 SEI

Figure :

Figure 1, taken in the GT Technology, is an aceurapresentation of what
occurs during the current production polishing apiens of the plunger seat with a
medium coarse stone. Cross hatch grooves aratouthie seat of the plunger with some
heavier gouge marks believed to be from matergdldcement. These grooves reduce
the quality of the check ball seat and may alloereéased oil leakage. Oil leakage back
through the check valve would decrease leak dowfoqmeance rates. The sectioned
plunger, Figure 2, taken at the National High Magniield Lab, further illustrates the
surface elevation changes along the plunger seat.

Figure ¢

The polishing stone was pre and post measuredgltiriel experiment. Before
the production stone was placed into the poliskediameter measured 0.06355in. We
then ran the stone for a full polishing cycle, $@0ts, and then reanalyzed the stone. We
found that the diameter increased by 0.002in iaa tliameter of 0.0655in. The tip of
the polishing stone was also deformed as is inglichy the increase in measured
diameter.
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Another post cycle observation is the amount aéifpr material from the seat
that is imbedded into the tip of the polishing o he production stone appears more
pitted after a 500 piece runoff than the experirakestbne. These pits are results from
material being pulled off the plunger seat, whielpl, explain varying depths of cross
hatch groove patterns in the seat area.

VEECO Data:

Additional samples were sent to VEECO, an opteafiler company, for
additional analysis. VEECO measured the averagacroughness, Ra, maximum
roughness, Rt, and the root mean square roughRgssf the plunger seat. Below is the
data received from VEECO and shows a quantitagpeasentation of the seat

roughness. The highlighted data was way out ajgand not included in our overall
average.

Table 1
Sar;ple Stone Sample Set | Ra (nm) | Rq (hm) | Rt (um) Azlr?mlia Azlr?mR)q RI:(\\L/l?n)
8 | Course 1-10 517.78 | 674.55 8.54 304.87 395.14 4.56
9 | Course 100-105 487.22 | 632.81 7.77
10 | Course 200-205
11 | Course 300-305 12.06 17.82 | 0.18052
12 | Course 400-405 243.99 | 313.42 3.29
13 | Course 490-500 263.29 | 337.12 3
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Test Polishing Stone:

Figure ¢

In comparison, Figure 6, under the same test dondithe fine polishing stone
appears to make a smoother surface polish thacotirse stone. The seat looks cleaner
and smoother with less drastic elevation chan@asce again, Figure 7 confirms that the
fine stone provides a cleaner surface polish, thawg 100% smooth, but way better
than the coarse stone.

Figure ¢ Figure ¢

We repeated the same pre and post measuremeret frietgrit stone. Before the
polishing run, the initial diameter of the stoneasared 0.0630in. We examined the
stone after its run and can clearly see that threesheld its shape. Also the diameter of
the stone decreased to a final diameter of 0.062Since the stone was actually
polishing the surface rather than grinding the wedess evident on the stone. Thisis a
good sign since the longevity of the stone wilballan increase in the number if plungers
polished before stone replacement. The increasad tiyne will also save in time lost by
reducing the down time of replacing the stone.
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Figure 1(

Analyzing the close up view of the fine stone youmediately notice that there is
less material present on the surface of the stéien the surface is far less pitted than
that of the coarse stone. The smoother surfaceslihe stone to polish rather than
gouge into the surface of the seat. Reducingnhauat of cross hatch grooves cut into
the seat increases the quality of the seal thewsthycing the oil leakage
VEECO Data:

Compared to the coarse stone the seat roughnesgefplungers polished with
the fine stone is significantly less.

Table 2
Sar;ple Stone Sample Set | Ra (nm) | Rq (hm) | Rt (um) Azlr?mlia Azlr?mR)q Rf(\\l./l?n)
1 | Unpolished 549.72 | 708.31 9.93
2 | Fine 1-10 28.95 44.48 | 0.56744 149.21 195.26 2.04
3 | Fine 100-105 93.83 | 140.04 1.34
4 | Fine 200-205 7.67 9.86 | 0.06269
5 | Fine 300-305 248.71 | 323.49 3.33
6 | Fine 400-405 204.66 | 374.34 4.2
7 | Fine 490-500 221.45 | 279.33 2.73
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Bandwidth:

At different intervals during the polishing sampMere collected to document the
polish quality over time. The band width was conmsgdaor each of the polishing stones.
The quality of the polish and bandwidth remainedststent between each of the two
stones with an average difference of about 0.00H&wever, it was apparent from the
photographs that bandwidth varies across the sudhany given plunger. Therefore, an
average bandwidth across an entire seat needstééaein order to assure objective
comparisons.

Table 3
Sone type Sample # Band With (1) | Band Width (2) | Band Width (3) AVG
Course 1to 10 0.01255" 0.01325" 0.01390" 0.011386
100 0.01425" 0.0136
200 0.0094" 0.01325"
300 0.00845" 0.01155"
400 0.01205" 0.01145"
490 to 500 0.00775" 0.0082" 0.00975"
Table 4
Sone type Sample # Band With (1) | Band Width (2) | Band Width (3) AVG
Fne 1to 10 0.01030" 0.00790" 0.00805" 0.009589
100 0.01025" 0.0086"
200 0.0137" 0.0111"
300 0.00935" 0.00845"
400 0.0141" 0.0086"
490 to 500 0.00825" .0079" .00775"
Conclusion:

Based on the data from the VEECO optical profilee, experimental fine grit
ruby stone appears to give a better seat finiste photographs of the used ruby stones
suggest that the fine grit stone may have a lohigspan. However, because the number
of samples measured was so small and becaussidiieeon the VEECO samples may
have affected the analysis further testing shoelgdrformed in order to confirm the
results.

The one remaining variable that was unable to b®wed from the testing was
the affect of the ruby stone holder on the poli$he rubber grommet on the
experimental stone holder was a much tighter &ntthe production stone.
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5.2 Improved Ruby Stone Holder Designs

Another issue brought to us late in the semest& byrechnologies was
polishing stone wobbling. This problem is definytaffecting the plunger seat polish in a
negative way. What happens is the ruby stone des/fabm its intended spinning axis,
and the polish is not being fully applied to thereot area; where the check ball sits. The

following diagram illustrates this.

Ruby stone spinning on its correct axis. Ruby stone deviating from its emtraxis.

The wobbling problem stems from lack of supportassary support in the ruby
stone holder. If the stone’s deviation is drastiowgh, it can ultimately damage the
plunger’s oil-tight seal; rendering the plungerusable. And of course, the more parts

that fail quality control testing, the more money S wasting.

Rubber Bushing

Fuby Stone

Stone Holder

- -

Short Stone Assermbly

Long Stone Assermblhy

Current stone holder design and assembly.
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Further examination of the problem revealed thatling occurs mostly with
the “long” variety of polishing stones (rangingrndl.150 — 1.975 inches in length). No
surprise here. As you can see from the diagrameglibe current stone holder design
does not provide the best support for the full taragf these stones. For the shorter ruby
stones (ranging from 0.850 — 1.149 inches in Iength entirely different problem arises.
Since the stone contacts the plunger seat at abbbitdegree angle, there is a chance that
the stone holder itself may collide with the spenttiat rotates plunger. With both parts
rotating at high speeds, the friction would deéiytcause substantial damage to both the
spindle and the stone holder. It has become apptr@none standard stone holder is
inadequate for all of the different lengths of @seing used. So we have come up with

a couple of new stone holder designs to help rertteelgituation.

Ouir first idea was to create a holder which wasensially adjustable. The design
is similar to the original holder, but with a thdeal metal sleeve attachment on the end.
This sleeve could be screwed up or down alongttimeeso apply better distributed
support along the entire length; which is despé&rateeded, but missing in the original

model. This extra support would surly eliminate Wwbbling issue.

- )

Threaded sleeve stone holder design.

The major con to this design is the amount of tiweould take the operators to
remove, replace, and re-adjust the polishing stonds holders. In industry, time is
money. There would simply be too much idle timenkssn every polish cycle.

What GT wanted was more of a “slip fit” design e tholder. Slide the used

stone out, slide the new stone in, done. Dan Faullane of our company contacts,
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pitched us a design idea which he felt was mosalsie, and we further developed it on

our own.

— (L]0 0 )

Slip-fit stone holder, exploded.

Above is a Pro-Engineer model of the finished picidThis holder was designed
to accommodate a ruby stone of diameter 0.25” dedgth of 1.50” (falling under the
“long” category). With the use of standard easyhto-o-rings, this holder should
provide a snug grip around the ruby stone, as showre assembled view below.

Slip-fit stone holder, assembled.

With three points of contact along the stone, wetbe original holder’s one
point, this holder will eliminate any chance ofretavobbling. And replacing the stone
becomes a breeze. An air relief hole located abdt®m of the cavity allows for easy

insertion and extraction of the ruby stone withautpressure or suction working against
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it. This specific design will be suitable for albees classified as “long”, and another,
very similar model can be created for the “shotthes. Possibly with one less o-ring
support, or just with the o-rings moved closer thge If GT decides that they want to
have this holder manufactured and implemented, ierwess that bridge at that time.
Below are alternate views of this holder.
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6.0 Conclusion

6.1  Proposed Plunger Polishing and Quality Controk&ys

The following diagram illustrates our final propdsgolishing and testing
procedure. This four step process will not onlpaliGT to test more polished plungers,
but it will also produce quantitative data on tledighed surfaces. And that has always

been a top goal for us to achieve since day onlei®project.

== == L

Plunger gets polished.

Test tray of polished
plungers loaded by operatar.

Sonic Bath

s

Tray of samples loaded into Sonic Bath.

Optical profiler measures the samples,
software reports the results.

The first step of the process is polishing thengkrs. Not much will be changed
here except for the stone holder. From there, gegator loads a tray of polished
plungers. We'd recommend this test batch not ex28galungers; just to prevent tray
loading from becoming a time consuming chore. Bwvéh this 20 plunger limit, this is a
large step up from the 3 or 5 plungers out of e&&§ that are currently being tested.
The increased batch size will give GT a better iofethe quality of all of their polished
plungers.

Once the tray is loaded, the operator runs thekanthrough an ultrasonic bath.
The purpose of this is to remove any dirt, delauj/or lubricant from the plunger seats
before they are scanned by the optical profilee profiler is a very sensitive piece of
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machinery; small obstructions can have quite eelaffect on the measurements it
acquires. After the ultrasonic bath, the tray ahpkes is placed on the deck of the
profiler and a start button is pushed to commeheestanning operation. The profiler’s
deck will be programmed to move and position edahger under the lens, one by one
until each plunger is measured. After all partssmanned, computer software will
determine if a plunger seat passes or fails. Adingisative data will be saved and

archived for any future analysis GT may want to do.

6.2 Recommendations

This project has found one improvement that shawmjse to improve the
surface finish of the seat and that is the finerghy stone. The increased cost of $5 per
stone, which polishes roughly 30,000 to 35,0005y@tes not significantly increase the
cost of production. Yet preliminary results shoglight improvement in surface finish.
Experiments in super abrasive synthetic diamondcaibit boron nitride might also be
tested using the same procedure. These matenalld keduce machine down time by
demonstrating longer service life due to the inseelamaterial hardness. This group
recommends continued testing with the fine grityratone with detailed analysis to
determine surface quality and shape characteristlibss will determine if the seat polish
is consistently improved over a full cycle of parts

A possible quality control system has been conckwih all the necessary
hardware listed and a procedure described. Theopegpsystem would give quantitative
data on the surface finish and shape profile o esatnple plunger tested. Larger sample
batches could be tested with an automatic recoadl ¢dsts being kept. Optical profiling
technology has the potential to provide a highliaded quality control analysis and
should be pursued further. Though the instrumenatg be affected by floor vibration,
systems such as air bearing tables already exastei@wome this obstacle.

The group was not successful at establishing matwrfag specifications and
tolerances for roughness and roundness, but thisddwequire an intensive study into
microscopy techniques, micro-surface charactedmaand lubrication theory fluid
dynamics. While it is possible to these tolerandesould require more time and fully

dedicated human resources.



7.0  Appendices

7.1 Appendix A — Needs Assessment

GT Technologies

Senior Design Team 10

| —_—
NEEDS ASSESSMENT
-
(cq"""-‘*‘*-sp@nser >

> 2

" Redefine the problem statement
_iaw@lvirxg_._tha_,p;alishing' process

" Geometry of the (Physics of the Problem )
problem < l -'

Operating pressure of

- the plunger

~ Engine oil properties: °
-viscosity
-density
-temperature

Determine the quality
_ of the plunger seat

" Theoretical |

( Surface Test
CCanany bluepnntg) (Eleetron Microscope)

<3D _-:_;.p_tgs:al surface pmﬁl_eD

 Compare theoretical polished
values with actual values

Determine the leak rate’
~ of the plunger seat
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7.2 Appendix B — Project Scope

GT Technologies

Senior Design Team 10

<L

(-G@ﬁ;‘f‘ﬁp‘&ns@r >

- Reﬁeﬁhe the problem statement
.iwalv?rtg_.ihaz_..pjﬁli_éhi'ng process

" Geometry of the ((Physics ofthe Problem )
. problem :

_ of the plunger seat | l

7 Engine oil properties: ™
-temperature

 Theoretical

” Gompare theoretical polished "\
values with actual values

Determine the leak rate
\_ of the plunger seat
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Appendix C — Product Specifications

GT Technologies has asked us to design a testappahat could effectively test
the clearances/seal quality between a ball andypluset that is being used in a
hydraulic lash adjustor assembly. The productfitsas$ to follow a set of
guidelines:

1.

2.

3.

7.

8.

Q.

Test clearances between the ball and plunger tdo38 millionths of an
inch

Determine the eccentricity of a circle, represewtadf the spherical shaped
ball seat, to within 1 ten-thousandth of an inch

The tester should be able to perform two testess than five minutes in
order to keep up with the production line.

It cannot contain any known carcinogens or matettzt are harmful to
human health

Provide operation conditions/scenarios that aréairo those in a

working internal combustion engine.

The design should be able to accurately tell thewarnof test fluid that is
leaking in between the test object and plungereAmeriment will then be
set to find out whether the grinding of the plungeat is even necessary to
the production of the hydraulic lash adjuster.

Display quantitative data on the quality of thel $edween the seat and
plunger.

Set an effective “pass” or “fail” system for thaketolerances of each
plunger.

The machine has to able to fit on top of a stand&dX 4’ work bench

10.Has to meet the ISO/TS 169 49:200 Quality Assur&@ystems standards.
11.The systems must be user-friendly, which meansitthaperation can be

taught to an employee within minutes.
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7.4
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7.5 Appendix E — Microscopy Pictures of Plungers

Z8B8nm B139Z2 11 && SEI

Scanning Electron Microscope (SEM) overhead pistafePolished Plunger at 60x

SEM overhead picture of Polished Plunger at 300x



18mm 8194

ZEHB A B 190 11

SEM overhead picture of unpolished plunger at 60x
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SEM overhead picture of unpolished plunger at 1000x

ZakL

SEM vertical cross section picture of polished glemat 45x
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ZEakL
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SEM vertical cross section picture of polished glemat 200x
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SEM vertical cross section picture of polished glemat 400x

aEa SEI
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SEM vertical cross section picture of unpolishaghgler at 40x

ZakL
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SEM vertical cross section picture of unpolishaghgler at 45x

SEM vertical cross section picture of unpolishaghgler at 45x
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Z@kL X188 188mm BZ13 BS &6 SEI

SEM vertical cross section picture of unpolishaghgler at 100x

1 188 km BZ

SEM vertical cross section picture of unpolishaghgler at 100x
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ZakL wE 188 wm BZ12

SEM vertical cross section picture of unpolishaghgler at 200x

B8 188km BZ11

SEM vertical cross section picture of unpolishaghgler at 200x
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Finighing Stones » Arkansas Stones

.

| Arkansas Bench Stones

For precision sharpening or
for finishing a very sharp

edge. Measures B"L x...

Norton® Hard Arkansas
Files

Matural Arkansas Stones
have gained a reputation over
the years as the finest. ..

Hard Black Arkansas Files
These natural hard Arkansas
stones are the finest grade
abrasive stones. .

Appendix F - Gesswein™ Website

Quad-Hone Stone

Four different stones rmounted
on a rectangular block for a
wide range of ..

Norton® Arkansas
Engravers Points

Far stoning and cleaning tight
comers and recesses,
heasure 1°L x 18" dia....

Norton® Arkansas Penknife

Stones

Matural Arkansas Stones
have gained & reputation over
the years as the finest...

Finishing Stones = Ruby Stones

Ruby Midget Files

Ruby Midget Files are
invaluable for high detail and
ultra-precision work. They ...

Na Praduet
Imags Available

Ruby Stone, Fine
Gesswein Ruby Stones and

Files are made from pure,
kS sintered crystals of .

Ruby Stones, Medium
Gesswein Ruby Stones and

Files are made from pure,
\ sintered crystals of .

Ruby Stones, Coarse

Gesswein Ruby Stones and

\ Files are made from pure,
sintered crystals of .

No Praduct
Image Availsble
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Bench Stones

Ideal for sharpening tools and
gravers — even carbide. May
be used dry ar...

Combination Bench Stone.,
434" x 2"

Ideal for sharpening tools and
gravers — even carbide. May
be used dry or...

Ruby Stone Assortment 700
This handy kit contains one
each of the Ruby Stones
indicated. Save over $50.00

Ruby Midget File
Assortment 420

This money-saving kit
contains one each of our
Ruby Midget Files plus one...



7.7  Appendix G - Evaluation of Valve Seat Geometry

b
2
o dy
Area of a Surface of Revolution: —— 2ny] 1+ (—j dx
Srevolutior™ y? dx
a
Szone= 2mrih
Proof
Area of a Zone: -
U~
2
S = 2 X 1D€2(j d
dz
X = R2 - z2

dz
dz R -
R%-b’
2 2 22
S= 2 RF-Z01+ dz
2 2
R -7
R%-a’
R%-b’
S= 2R 1dz

S= ZEIER&L\/RZ—bZ—\/RZ—aZ)

\/Rz—bzzyz \/Rz—azzyl

Yo-yp=h

S = 2mRMAH

Thanksto Wolfram MathWorld
http://mathworld.wolfram.com/Zone.html
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Appendix H — Economic Cost of Polishing

7.8

Labor Grade 3 4 5 52 6 62 7 72 8 82 9
Employee Cost $949 | $1080 | $1238 | $1295 | $1388 | $1454 | $158 | $1642 | $1745 | $1827 | %1883
Employee Fringe Benefits 041 041 041 041 041 041 041 041 041 041 041
Overall Employee Cost $1338 | $1523 | $1746 | $1826 | $1957 | $2050 | $239 | $815 | 460 | 576 | 065
Employee cost per machine $4.46 $5.08 $6.82 $6.09 $652 .83 $7.46 $7.72 $8.20 $859 885
Mechine Cost per Hour $9.17 $9.17 $9.17 $9.17 $9.17 $9.17 $9.17 $9.17 $9.17 $9.17 $9.17
Nurmber of shifts 2 2 2 2 2 2 2 2 2 2 2
Hours per shift 8 8 8 8 8 8 8 8 8 8 8
Qperating Cost per Day $14672 | $14672 | $14672 | $14672 | $M4672 | $M672 | $14672 | $14672 | $14672 | $14672 | $146.72
Total Mechine and Employee Costper Hour | $1363 | $1425 | $1499 | $1526 | $1569 | $1600 | $1663 | $1689 | $1737 | $17.76 | $1802
Daily Operating Cost per Machine 21808 | $22794 | 20082 | ©24410 | 5110 | $25606 | $26614 | $27020 | 27794 | $28411 | 28R
Yearly Cost per Machine $79,600.95 | $83,196.64 | $67,53342 | $89,097.96 | $91,650.62 | $93462.19 | $97,140.22 | $98,622.42 | $101,449,56| $103,700.30| $106,237.38
Total Daily Cost 5425 | 68381 | $71945 | $73231 | $75320 | $76818 | $79841 | $81060 | $83383 | $5233 | $064.96
Total Yearly cost $238,802.86| $249,580.92| $262,600.27 | $267,293.88| $274,951.87| $280,386.58| $291,420,67| $205,867.25 | $304,348.68| $311,100.89| $315,712.15
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7.9  Appendix | - PRO-ENGINEER model and live pictuféPtunger
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7.10 Appendix J — Price Quote Charts

®

= =—w-rr=  Engis Corporation Telephone : (847)808-2400
— i IGA R Y] 105 W. Hintz Road Fax : (847)808-9430
_In_ P.O. B_ox 9046 1-800-99 ENGIS
L-d-F.l '! ”ms ""I a8ve  \\heeling, IL 60090-9046 USA www.engis.com

March 31, 2008

Anthony Heberlein
1701 W. Pensacola St. Fax#
Tallahasee, FL 32304 Tele# 850-368-0111

Quote# 6000632108

Dear  Anthony

Thank you very much for your recent quotation restjuee are pleased to submit the following
for your review and approval:

Estimated
Qty. Description Price Ship Date
1  CBN plated full radius pin $216.00 4 Weeks

1/16" radius - 1/4" x 2 " shank
80/100 or 200/230 grit

5 Same as above $76.00
10 Same as above $64.00 "
25 Same as above $46.00 "
50 Same as above $40.00

Please contact me so that we can review your agtiglic

Prices stated are FOB Wheeling, lllinois. Shippilages will be confirmed at time of order. Our
terms of payment are net 30 days with approvedtcréthis quotation is valid for 60 days.
Standard terms and conditions apply.

We appreciate the opportunity to quote your regqué@ets. Should you require any additional
information or have any questions, please feeltfsemntact us.

Regards,

Jim Rovano
Inside Sales Manager



' = e : — "

= :-,7-.1?-_-=J Engis Corporation
e @ . %~ = 105 W. Hintz Road
(ST, RS P.O. Box 9046
mﬂ . "‘, iw"'s : Wheeling, IL 60090-8046 USA

March 31, 2008

Anthony Heberlein
1701 W. Pensacola St.
Tallahasee, Fl. 32304

Quote# 6000632064

Dear  Anthony
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Telephone : (847)808-9400
Fax : (847)808-9430
1-800-99 ENGIS
www.engis.com

Fax#
Tele# 850-368-0111

Thank you very much for your recent quotation restuee are pleased to submit the following

for your review and approval:

Qty. Description

Estimated
Price Ship Date

1  Diamond plated full radius pin
1/16" radius - 1/4" x 2" shank
80/100 or 200/230 grit

5 Same as above

10 Same as above

25 Same as above

50 Same as above

Engis will not guarantee the tool performance. M@& matching
of grit sizes to achieve quantity pricing is prated.

$216.00 4 \Weeks

$76.00 !

$64.00 "
$46.00 !
$40.00 "

Prices stated are FOB Wheeling, lllinois. Shippdiages will be confirmed at time of order. Our
terms of payment are net 30 days with approvedtcréthis quotation is valid for 60 days.

Standard terms and conditions apply.

We appreciate the opportunity to quote your requéets. Should you require any additional

information or have any questions, please feeltivamntact us.

Regards,

Jim Rovano
Inside Sales Manager
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7.11 Appendix K — Leak down MathCAD, supplied by GT Tdéngineering

Gr :=.0000351n

F =1500-newton SG=.795

_(.00023-1n+ 3.5-Gr) NP |
hi= 5 P water '~ 62'4'_3

- ft
. f -2}

L:=.251n v .=170-10 ;l -stokes
P fluid "= SOP water HO=VeP fluid
D:=.3551n Trav :=.5-mm

2 ]

o \
(D] D

tLuD{3- /= +12 |=|+16
\h/ \h

‘Trav

Time =

F-4-h

Time =2.271 sec

h =0.00017625emn

L=Length of piston

h=gap between piston and cylinder
D=Diameter of piston

p=Viscosity of fluid

Trav=Piston travel

2 -1
stokes =0.001 ft 'sec

2
v =70 nIll‘.lTl

S€C
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7.12 Appendix L - Images frortheory and Practice of Lubrication for Engineers by

Dudley Fuller

FACTORS THAT AFFECT VISCOSITY 55

High
pressure
region

Low
pressure
region

FIG. 2-18. Capillary seal.

Capillary seal model represents flow between pluage plunger body

N
.\\‘
A\

FIG. 3-20. Spherical step bearing.

Step bearing model represents flow between chdthha valve seat
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7.13 Appendix M — MathCAD functions for Oil Flow

= Capillary Seal Model
Flow between plunger and plunger body

-

Q = flow {cu. infmin)

AP = Pressure difference between high pressure

chamber at atmospheric pressure for different plungers L
R = inside cylinder (plunger) radius = 0.178" will change

h = clearance = 0.00035%"

K = viscosity (reyns [[b-sec/in®2])

L = length of capillary (in)

_ ﬁP-ﬂ-R-h3
a-pL
1500H
AP = = AP =1022 = 1E|3psi
0.33in
L =0352in
R =0.165n
by = 0.000035it
kg
tok = =]
v =4l Foes p =280 3 teyrniolds = G294 TéPa sec
100 tm
-6
H=y-p Ro=THA5E x 10  reynolds
AP-m-Rohy P
= — 0= 1380614 = 10 - —
6-p-L thity




Step Bearing Model
Flow between check ball and seat

Q = flaw (cu. infmin)

AP = Pressure difference

R = check ball radius = 0.025"

h = clearance of checkhball = salve for this
value

p = viscosity (reynolds [lb-sec/in®2])

L = width of contact band = 0.004"

3
= APwRE Qcapi]la:rj.rseal:= Q
AL
1 -4 cth
Qoheckhall = E'Qcapﬂla.tj.rseal Ueheckhatt = 1381 = 10 i

L= TA5E % 10 g reynolds

0.125

R = i1 L =01mm
A 2 A

hz =

L | o

a TR
checkhall AP-nR

hy = n.123iﬂ
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3
= APwRR Formula applies to both models
a-pL
AP-m-E k . AP-m-E k ! - - -
T Poylinder Yoapillaryseal - T Peheckball Pohe ckball This essentially states that if the
- designed leakage (left side] is
6l . . 6L
H eapillaryseal " contactband propartional ta the allowable
leakage (right side), and the
Pressure and viscosity are equal
on both sides, the leakage out of
the high pressure chamber is
only a function of geametry.
Arbitrarily zet the allowable leakage past the checkball to
. | be 1/10 of the leakage between the plunger and plunger
T 0 body.
Loontacthand = 0-1mm The approximate width of the palished band of the
valve seat.
L. = 0352in The shortest plunger has this length between the
i al . _ .
e high pressure chamber and relief port on the side of
the plunger body.
Rc;:.r]jnder = 0.172in Fadius of the plunger
N 11
checkball = 575 Radius of the checkball
h = 3510 %in
il gl = 2 _
PepanyEe Designed clearance between the plunger and
hcapﬂla.tyseal= 0229 um plunger body.
R h 3 R h 3
cytinder_ capillaryseal = F3. checkball checkball After mathematically cancelling similar
Lcapﬂla.t},rseal Leontactband terms on both sides of the equation.

1

Leontactband Rn:},r]jnder Solving backwards for clearance

3
'hcapﬂla:}.rseal J of the checkball.

Beheckbatt = | F5 T N
capillatyseal “checkball

Clearance of checkball that will

Boheckban = 0131 pm allow specified amount of leakage.



7.14 Appendix N — SEM Pictures of check ball and seat

Unpolished seat 35x

ZEakL

Unpolished seat 100x
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Unpolished Seat 200x
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ZEakL

ZEakL

Polished wi/fine grit, first 10 of 500 parts, 100x
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ZEakL

ZEakL

XZEB 1868 km

WZEE 188 mm

Polished wi/fine grit, first 10 of 500 parts, 200x
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ZEakL

ZEakL

#188 188mm BZcH

18 188km BZ74

Polished wi/fine grit, last 10 of 500 parts, 100x
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ZEakL XEZPE 188km BZcl

Polished wi/fine grit, last 10 of 500 parts, 200x

-

XZEB 1868 km

Polished wi/fine grit, last 10 of 500 parts, 200x
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ZEakL

Polished w/course grit stone, first 10 of 500 pak@)x
N\

Polished w/course grit stone, first 10 of 500 pak@)x
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Polished w/course grit stone, first 10 of 500 p&2@9)x
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ZEakL

Polished w/course grit stone, last 10 of 500 pa@ex

ZEakL

Polished w/course grit stone, last 10 of 500 pa@ex
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ZEakL

Polished w/course grit stone, last 10 of 500 p2@&x

ZEakL

Polished w/course grit stone, last 10 of 500 p2@§x
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