
" AD-A245 263

OIL RHEOLOGY ADJACENT TO THE SCRAPER RING DI
OF A DIESEL ENGINED i.C

by U-O IECTIt
DENNIS CHARLES LOGAN 4 9

B.S. Computer Science, University of Kansas D
(1981)

SUBMFITED TO THE DEPARTMENT OF
OCEAN ENGINEERING

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREES OF

MASTER OF SCIENCE IN NAVAL ARCHITECTURE/MARINE ENGINEERING

and

STER OF SCIENCE IN MECHANICAL ENGINEERING

at the

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
12? !June, 1991

© Dennis Charles Logan, 1991. All rights reserved.

The author hereby grants to MIT and the U.S.Government permission to
reproduce and to distribute copies of this thesis document in whole or in part.

Signature of Author ___ ____ ____
Department of Ocean Engineering

May, 1991

Certified by ~ 4f 4 L
Dr. David P. Hoult
Thesis Supervisor

Certified by [u
Professor-A. Douglas Carmichael

Thesis Reader

Accepted by _ _ __ _ _ _ _
'A. 1)buglas Carmichael

Department Graduate Committee
DErENSE TECHNICAL INFORMrATION CENTER Department of Ocean Engineering

ilfl 5 II



ABSTRACT

OIL RHEOLOGY ADJACENT TO THE SCRAPER RING
OF A DIESEL ENGINE

by
DENNIS CHARLES LOGAN

Submitted to the Department of Ocean Engineering in partial fulfillment of the
requirements for the degrees of Master of Science in Naval Architecture/Marine

Engineering and Master of Science in Mechanical Engineering.

ABSTRACT

:" Several recent experiments have been made to determine lubricant flow patterns
in engine journal bearings. A laser fluorescence technique - in use at the
Massachusetts Institute of Technolog3'llows accurate data collection of the oil film
thickness on the ring pack of a production diesel engine. The data collected from the
Kubota EA300N IDI engine consisted of five different types of lubricant--two single-
grades, two multi-grades, and a synthetic multi-grade.

The data was analyzed and it was found that while oil cross-flow
circumferentially around the scraper ring is not present in fired cases, it is present in
the motored cases. In addition, oil flow under the ring was evaluated with results
consistent with previous observations and the flows observed suggest that the oil
flow is between the ring and liner. Finally, a model for upstrokes that predicts the
inlet wetting height for varying ring load was evaluated with positive results. --

Thesis Supervisor: Dr. David P. Hoult
Title: Senior Research Associate

Department of Mechanical Engineering
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CHAPTER 1 - INTRODUCTION

1.1 Background

This research is the continued analysis of the lubricant film thickness in the

piston ring region of a small production diesel engine. Olechowski [11 and Hoult,

Wong, and Azzola [5] have recently investigated the various rheological effects of

single and multi-grade lubricants in the top ring region. This project investigates the

scraper ring (second ring) region using similar analysis techniques as used for the top

ring analysis.

One major goal of this research is to study fired data to expand the data base

and to compare the results with the effects observed in the motored cases of the top

ring. In addition, motored cases will be examined in the second ring analysis to note

any anomalies between top ring and second ring observations.

The data used for this analysis was collected using a laser fluorescence

technique. McElwee [2] and Bliven [3] measured film thicknesses in the ring pack

region using single-grade and multi-grade oils. McElwee collected data using five

different types of oil -- two single-grades, two multi-grades and a synthetic multi-

grade. Bliven's measurements consisted of one single-grade and one multi-grade of

the same type that McElwee analyzed. In all cases, various operating conditions (ie.

speed, load) were established to observe any variations in lubricant behavior as a

function of operating conditions.

The data was collected from a Kubota EA300N, a small, single cylinder 0.3

liter indirect diesel engine. One major difference between McElwee's experiments

and Bliven's experiments is the azimuthal location that oil film thickness was

measured. McElwee measured oil thickness on the wrist pin axis while Bliven
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measured thickness on the antithrust side of the piston, approximately 65 degrees

from McElwee's position. These two different measurements are important in the

continued analysis of the oil flows in the piston ring region. The two different points

of oil film measurement will play key roles in the determination of the boundary

conditions upstream and downstream of each piston ring.

The three phenomena investigated here all pertain to the scraper ring. They

are cross-flow, flow under the ring and load versus inlet wetting height.

1.2 Data Analysis Techniques

The analysis of data begins with the ring fits on computer generated oil traces

as shown in figure 1. The ring fitting technique is an art at best and is described by

McElwee [2] and Olechowski [I]. After placement of the ring, measurements for

numerical computations where taken from the fitted data. Figure 2 shows the various

ring and film thickness parameters required for the calculations.

One problem in analyzing the data was the fact that McElwee and Bliven used

different film thickness calibration techniques [2,3]. This was accounted for by a

temperature correction factor that was applied to McElwee's fired data. The

correction factor was determined by a ratio of laser fluorescent efficiency at the

various oil temperatures. The details of laser calibration are described by Hoult and

Takiguchi [6]. McElwee's motored data and all of Bliven's data did not require a

correction due to the dynamic (self-calibrating) calibration used in these cases.

The various constants and oil parameters used were taken from previous

work and actual measurement. The scraper ring geometry was established using

talysurf measurements of the actual ring used in both experiments. Appendix A

describes the talysuff procedure used in determining the scraper ring parameters.

The oil temperatures used in the fired analysis were obtained from Hartman [4] who

determined cylinder liner temperatures under loaded conditions. With an oil
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thickness of only a few microns, it is assumed that cylinder liner temperature is the

most accurate measurement of oil temperature in the ring pack region. Motored oil

temperatures were the same used by Olechowski [1].

The data base analyzed is shown in appendix B.
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CHAPTER 2 - THEORY

2.1 Cross-flow

Cross-flow is the most straight forward of the three phenomena to analyze.

A comparison of the minimum film thickness ho between the two azimuthal positions

was used to determine the presence of cross-flow. Since approximate calculations

(appendix C) showed that ho/h. - 2, the comparison of ho between positions is a

proportional comparison of h. at each location and thus gives an indication of flow

from one position to the other.

2.2 Flow Under the Ring

Flow under the ring begins with the Reynolds flow equation as defined by

Coyne and Elrod [7]:

Q~hU_ hl dP
2 12g dx

The boundary conditions here are:

1. ring load (W)

2. film thickness "far" away from the ring (ho)

3. ho or separation point at the exit (X2 )

4. known ring profile.

The nondimensional flow equation is obtained by using the standard

nondimensional terms h, i and P:
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_h _ Ph,
h. b U gtb.

By substitution, the flow in nondimensional terms becomes:

-~ d-P Q
2 12 dl hoU.

From conservation of mass (no sources), dQ/dx = 0 or Q = a constant. Also,

because of the relatively high velocity of the ring relative to cross-flow velocities, it

seems a very good approximation to set Q = 1 under the ring. Therefore, the

relationship between the entrance point (x =1) and exit point (x = 0) is

h (1)h() P l=h(O) h3(O) P O

2 12 2 12

or

h(O) 6-hW()P(1)

and the relationship between the entrance film thickness and h. is

lh(l) &(I) 1

2 12 d&

Flows under the ring were analyzed using the same computer programs as

Bliven [3] and Hartman [4] used in their analysis.
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2.3 Load versus Inlet Wetting

Similar to the top ring analysis [1,5], the variation in load versus inlet wetting

height was investigated. The nondimensional load G is the same used by HWA [5]

but normalized for the scraper ring (ie APB for the scraper ring). G, the bearing

number, is defined as follows:

G = hWb- = G( 1 , r 2, P2, P3)h ,APB

where P 2, P 3 are the nondimensional pressures of the second and third lands

respectively. To eliminate some of the variables it was determined that the pressure

differences across the ring were small enough to disregard P 2 and P 3 for the

compression and exhaust strokes. In addition, the assumption was made that 172

always occurred, on upstrokes, at the sharp undercut tip of the scraper ring [9] with

ho and rI determined based on inputs b, r2.The algorithm used to determine G for

upstrokes is described in appendix C.
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CHA TER 3 - RESULTS

3.1 Cross-flow

Figures 3 and 4 show the plots of the wrist pin position ho (McElwee) versus

the skirt position ho (Bliven) for a typical motored and fired case respectively.

Figure 3 shows that the average value of ho (with standard deviation) is mostly above

the 1:1 line which indicates that cross-flows are probable in the motored cases.

Figure 4 shows a similar plot for a fired case with the values much closer to the 1:1

line. This is an indication that cross-flow is unlikely in the fired cases.

These results help define the boundary conditions in that differences in

observed and calculated 0.. could be due to cross-flows around the piston.

Preliminary observations, in fact, show a difference of a factor of approximately two

between h., observed and h.. calculated. The cross-flow results provide more clues

to the correct boundary conditions required to solve the flow problem. Additional

plots are shown in appendix D.

3.2 Flow Under the Ring

Figure 5 shows the difference in oil flow rates between power

(compression/expansion) and gas exchange (intake/exhaust) strokes for four fired

and four motored cases along with the previous observations [3,81. The results are

consistent with previous observations which conclude that distinct oil recirculation

loops appear to exist in the piston ring region and between the piston and the sump.

The flow of oil under the second ring is part of the smaller ring region loop (the

major loop is through the oil relief holes under the oil control ring that direct oil back

to the sump). In addition, the oil transport rates are on the order of 10 to 100 times

larger than oil consumption rates [41 which is consistent with previous observations.
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There are three paths by which oil can reach the second land: flow through

the ring gaps, flow around the backside of the ring and flow between the ring and the

liner. Only flow between the ring and the liner is observed in this work. The fact

that the flow between the ring and the liner, presented here, agrees with the flows to

(from) the second land [8] strongly suggests that for the second land, the lubricant

flow path is between the 2nd ring and the liner.

Additional condensed plots of flow segregating power strokes, gas exchange

strokes and overall flow for the second and third lands are shown in appendix D.

3.3 Load versus Inlet Wetting Height

Figure 6 shows the correlation of the theoretical upstroke model with

experimental data for fired cases. The model exhibits two branches which

approximates the observed data fairly well. Figure 7 shows the plot of 11 versus F2

as a correlation with the upstroke model. The values of F2 greater than one agree

with the model to a high degree while the values close to one do not agree. For the

values close to one, the outlet separation point is moving away from the undercut tip

toward x0 (h(xo) = ho) and is behaving similar to the top ring's outlet separation

point. This is because above the undercut, the scraper ring has a circular profile

similar to the top ring and thus top ring theory will apply when r 2 is close to one.

Similar plots for the motored case are shown in appendix D.
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CHAPTER 4 - CONCLUSIONS

The results of chapter 3 lead to the following conclusions concerning oil flow

adjacent to the scraper ring:

1. Little or no cross-flow present in the fired case and probable cross-flows present

in the motored case. These results provide a better understanding of the observed

film heights observed away from the ring which allow more appropriate boundary

conditions to be defined.

2. Oil flows under the ring are part of the ring region oil transport loop and are much

larger than oil consumption rates which is consistent with previous observations.

Also, the present results suggest that the flow to (from) the second land arises from

flow between the ring and liner.

3. The relationship between load and inlet wetting height, as determined by the

proposed upstroke model, is in good agreement with lubrication theory [9].

13



REFERENCES

1. Olechowski, M.J., "Analysis of Single and Multi-grade Lubricant Film Thickness
in a Diesel Engine," MS Thesis, Department of Mechanical Engineering, MIT June
1990.

2. McElwee, M.,. "Comparison of Single-Grade and Multi-Grade Lubricants in a
Production Diesel Engine." MS Thesis, Department of Mechanical Engineering,
MIT, January 1990.

3. Bliven, M.D., "Oil Film Measurements for Various Piston Ring Configurations
in a Production Diesel Engine," MS Thesis, Department of Mechanical Engineering,
MIT June 1990.

4. Hartman, R.M., "Tritium Method Oil Consumption and its Relation to Oil Film,"
MS Thesis, Department of Mechanical Engineering, MIT June 1990.

5. Hoult, D.P., Wong, V.W., Azzola, J.H., "Direct Observation of the Friction
Reduction of Multigrade Lubricants," SAE paper 910742, February 1991.

6. Hoult, D.P., Takiguchi, M., "Calibration of the Laser Fluorescence Technique
Compared with Quantum Theory," ASME/STLE Tribology Conference, Toronto,
Canada, October 1990.

7. Coyne, J.C., Elrod, H.G., "Conditions for the Rupture of a Lubricating Film-
Part II New Boundary Conditions for Reynolds Equation," Journal of Lubrication
Technology, January 1971.

8. Wong, V.W., Hoult, D.P., "Experimental Survey of Lubricant-Film
Characteristics and Oil Consumption in a Small Diesel Engine," SAE paper 91074 1,
February 1991.

9. Hoult, D.P., "Lubrication and Support of a Single Piston Ring," ASLE
Transactions. Volume 28, 2, 139-149, 1984.

14



15



'0 FTR-D iQQ rcr C15U40 exh/5

i 
\

IDT ANCE ALONG PrSTON 
( mm

Figure 1 - General scraper ring fit on a computer generated oil trace

16



B

Psecond Ring Pthird
land land

h Lubricant ho - ho/2Q -Uph- h
Yl hoI Streamline

U lad low -A L iner

1  8 1 + ho F2= 82 + ho

ho ho

Figure 2 - Definition of terms used in the solution of Reynolds flow equation under

the scraper ring.
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Figure 3 - Typical plot of minimum film thickness (ho) at each azimuthal location for

a motored case (pen multi 3000 rpm). The average values indicate probable cross-

flow from the skirt position to the wrist pin position in this motored case.
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Figure 4 - Typical Plot of minimum film thickness (ho) at each azimuthal position for

a fired case (pen single 1500 rpm). The average values indicate unlikely cross-flow

in the fired case.
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Figure 5 - Typical plots of oil flow rate comparisons of flow under the second ring

for power (PWR) and gas exchange (GAS) strokes in fired and motored cases.
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Figure 6 -Plot of nondimensional load G versus F1 for fired upstrokes. Th,,. olid

line represents the theoretical upstroke model which assumes the exit separation point

(X2) is located at the undercut tip of the ring.
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Figure 7 - Wnet height versus outlet height with the line representing the theoretical
upstroke model.
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Appendix A - Scraper Ring Talysurf Profile/Ring Tip Radius

Calculation
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y (urn) Talysurf of Scraper Ring Tip

24

I . .. 2.61 2 . 53x 7693 W2 RA2:- 0.99t

S. .........

-..- ~ ~~~~~~ .-- ... ..). . . ... . . ........... ............

20 ..... .. ... ... ....... .... 1. ..... . ._ ............. ...... ..... ......... ,,t..,C'_l, I, / J

"top" side

16 -

0.0 0.2 0.4 0.6 0.8 1.0 1.2 X (mm)
x 2 0 4- local coordinates - x I
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RING TIP RADIUS CALCULATION

The scraper ring tip, above the undercut, can be fit with a circular profile using a

Taylor Series expansion of the equation of a circle around ho which gives:

h(x) = ho + (x-xO)
2

2a (1)

where a is the radius of the circle. Since the arc of the circle used to describe the ring tip

is small, it can also be described by the tip of a parabola. Therefore, expanding equation

(1) and setting it equal to the oil film height equation as a function of the the ring tip

(from the Talysurf plot), a can be found by matching any same term of each side of the

equation. An example using the talysurf on the previous page is shown below.

Sh = ho+(s - y)

S s = max y
=22.8 um

y = 22.6 + 2.4x - 7.7XA2

xo =.153 mm x

y = C1 + C2X + C3x 2

h = ho + (22.8 - cl - c2x - c3x 2 ) = ho + (x 2 + 2xox + x)
2a

Matching the squared terms, we get

-C3
2a

or, using the parabolic fit terms, a = .065 m. This is the ring tip radius of a circular tip

profile of the scraper ring.
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Appendix B - Data Base Analyzed
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The data base used in this research was generated from experimental data taken

by McElwee [2] and Bliven [3]. The data set numbers designate, among other things,

which person took the data. Data sets numbered less than 500 were taken by McElwee

and sets numbered 500 or greater were taken by Bliven. The cross-flow analysis data

base used two oils at two different speeds each since Bliven only worked with two oils

which were a subset of the five oils analyzed. The load versus inlet wetting height data

base was generated using a cross-section of all five oils at five speeds. The cross-flow

data base is shown in table 1. The load versus inlet wetting height data base is shown in

table 2.

The actual data base is shown in the rest of appendix B. Each data set is stored in
an Excel spreadsheet and saved on floppy disks. The name used to save each data set is

coded as follows:

Character # Translation

1 ring (S=second)

2 data (B=Bliven, M=McElwee)

3 oil (P=Pennzoil, H=Havoline, C--Cummins, M=Mobil1)

4 type (S--single-grade, M--multi-grade)

5,6 speed (add two zeros to this number, ie 25=2500)

7 load (H=half load, F=full load).

Motored data sets are also distinguishable by a ".X" at the end of the name.

Two different types of measurements were used when collecting the data.

Initially, a digitizer was used to measure each point on a particular oil trace. This is
shown by columns in a particular spreadsheet labeled xl, x2, x3, yl, y2, y3 (l=inlet,

2--minimum oil height points, 3=exit). The x values (distance along piston) are mm and
the y values (oil height) are um. These values were taken straight off of the oil traces and

entered as dimensional values. Since this procedure required extensive amounts of time,

a .econd method was devised using an engineer's ruler on the 30 divisions/inch scale

measuring the number of tick marks (divisions) for a particular point and then scaling the

length with the x or y axis as given on each oil trace. The spreadsheet columns using
this procedure are designated b ticks (only one measurement required to obtain b), hi, h2

or h3 ticks (the oil height measured in ruler divisions where 1,2,3 have the same

meaning as above). These values were then scaled according to the x or y axis scale.

The various fired and motored data constants used in the calculations are stored in

separate spreadsheets. These are shown at the end of appendix B.

27



Data-Set # 0 Spe~d (em

Fired (all full load) 359 Pennzoil 15W40 1500
F 368 Pennzoil 15W40 3000
F 409 Pennzoil SAE30 1500
F 418 Pennzoil SAE30 3000
F 521 Pennzoil 15W40 1500
F 522 Pennzoil 15W40 3000
F 526 Pennzoil SAE30 1500
F 527 Pennzoil SAE30 3000

Motored 352 Pennzoil 15W40 1500
M 355 Pennzoil 15W40 3000
M 402 Pennzoil SAE30 1500
M 405 Pennzoil SAE30 3000
M 519 Pennzoil 15W40 1500
M 520 Pennzoil 15W40 3000
M 524 Pennzoil SAE30 1500
M 525 Pennzoil SAE30 3000

Table 1 - Cross-flow Data Base
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Data Set # Od (m)_ Laid
Fired 207 Cummins 15W40 1000 full

F 258 Havoline SAE30 1000 half
F 263 Havoline SAE30 2000 full
F 268 Havoline SAE30 2500 half
F 306 Mobil1 15W50 1000 full
F 521 Pennzoil 15W40 1500 full
F 522 Pennzoil 15W40 3000 full
F 526 Pennzoil SAE30 1500 full
F 527 Pennzoil SAE30 3000 full

Motored 203 Cummins 15W40 2000 n/a
M 251 Havoline SAE30 1000 n/a
M 254 Havoline SAE30 2500 n/a
M 303 Mobil 15W50 2000 n/a
M 519 Pennzoil 15W40 1500 n/a
M 520 Pennzoil 15W40 3000 n/a
M 524 Pennzoil SAE30 1500 n/a
M 525 Pennzoil SAE30 3000 n/a

Table 2 - Load versus Inlet Wetting Height Data Base
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A S C ZZ4I (t I JK

3 stroke b ticks hl ticks ho ticks h2 ticks b (m) ho (mn) Igaml garn2 oil thickness ho (mn)

4 Intl 0.99 1.47 1.19 1.42 0.000 25641 1.74E-061 1.24 1.19 correction 2.801E-06
5 Int3 1.22 1.4 13 13 .0019 1.5~ if 1.21 fatrapl. 2.66E-06
* nt 0.95, 1.37 1.24 1.35 0.00024605 1.81 E-06 1.10 1.09.........- 2.912E-06
7 jint7 0.95 1.68 1.35, 1.53 0.00024605 1.97E_06' 1.24 1.13.........-- 3.17E-067
8 lintg 0.94 2.09 1.72 1.87 0.00024346 2 -0 4 2 2 1.091.........- 4.04E-06

* Intl 1 1.07 _ 1.75 1.3! 1.6 0.00027713 1.90-06: 1 .13 13--------- > 3.OSE-06
10 di ntI3 -0.9g6 1.52 11 - 1.3 -0.00025382 T.6-GE 1.33 1.14----------> 2. 68-06
11 intl5 0.99 1.77 1.38 1.5 0.00025641 2.01E-06i 1.28 1.09---------- 3.24E-06
12 intl- 1.6 14 11 .80.000-30044 1.99E06 1.25 1.19---------- 2.73E-06
12 lintlO9 0.89 1.67 1.52 1.7 0.00023051 2.22E-06I 1.23 1.12.........- 3.57E-00
14 jint2l 1.07 1.38 1.09. 1.28 0.00027713 1.59E-06 1.27 1.17.........- 2.562-06

_1Ii 1 IZ _ _I
16 1cornP2 1.22 1.25 0.95 1.14 0.00031598 1.39E-00! 1.32 1.20---------- 2.23E-08
17 corni 1.1 0.93 0.69:; 0.79 0.0002849 1.012-061 1.35 1.14 ---------- > 1.62E-06
16 compe 1.19 1.26 0.911 1.09 0.00030821 1.33E-06, 1.38 1.201--------- 2.14E-06.
19 cornpS 1.18 1.34 1.02 1.18 0.00030562 1.492-06 1. 31 1 .16.........-> 2.40E-06
20 copO 12 15 0.92 1.12 0.0003108 1.34E-06. 1.25 1.21--- ~ 2120
21 com '12 1.141__ 1 0.74 0.99 0.00029526. 1.082-06i 1.35 1.34---------- 1.74E-061
22 coinpl4 1.221 1.18 0.95 1.15 0.00031598 1.39E-06! 1.24 1.21---------- > 2.23E-06
23 corn 16 1.29 1.15 0.6 1.12 0.00033411 1.26IE-06, 1.34 1.30----------> 2.02E-06
24 cornp!S - 1.31 1.13 0.721 1.09 0.00033929 1.05E-061 1.57 1.51-----------> 1.69E-00
25 COrnP20 1.49 1.14 0.74 1.12 0.00038332 1.082-06, 1.59 1.51-----------> 1.74E-06a
26 co~p2?2 1.311.31 0.99 1.28 0.00033929 1.45E-06 1.32 1.29---------- 2.33E-06
27 ________

26 Dwr2 0.97 0.8 0.58; 0.61 0.00025123 8.18-07 1.43 1.09----------> 1.322-06
29 pwr4 --- 1.19 0.99 0.62 0.89 0.00030821 95E7 .O 1.44---------->- 1_.462-06
130 w r 6 1.2, 0.98 0.59 0.82 0.0003108 U8.612-07 1.66s 1.39---------- 1.39E-06
31 pw-rS 0.98 0.88. 0.72, 0.85 0.00025302 1.052-061 1.22 1.18----------> 1.692-06
32 owrl06 1.18 0.75 0.58 0.71 0.00030502 8.472-07i 1.29 1.22 ---------- > 1.362-06
33 pwr12 1 0.97 0.69 0.79 0.000259 1.01 E-06 1.41 1.141---------> 1.62E-00
34 pwrl4 _1.08 0.7 0.5 0.85 0.00027454 7.30E-07 1.40 1.30 ----- > lI1SE-OG
35 pwrl6 0.96 0.92 0.71 0.72 0.000248134 1.04E-06, 1.30 1. 01----------- 1.67E-06
36 pwri8 -0.91 0.82 0.69 0.78 0.00023569 1.012E-06, 1.19 1.13---------- 1.622-06
37 pwr20 1.071 0.78 0.6 0.71 0.00027713 8.76E-07 1.30 1.18----------> 1.412E-06
38 pwr22 0.96i 1.1 0.92 1.02 0.00024804 1.342E-0 1.20 1.11-----------, 2.16E-06
39 ___ __ __ __________

40 exh1 1.19 1.21 1.01 1.09 0.00030 1.45E-061 1.20 1.08----------> 2.342E-06
41 xh _ 1.2 11406 0.00032 1.342-08 1.23 1.14 -------- .152-0

-4 2 90hS 1.141 1.07 0.88 1.15 0.00029 1.27.0!1.22 1.311----------, 2.04E-06
43 exh7 1.23 1.21 0.92 1.09 0.00031 1.322-06' 1.32 1.18----------.. 2.133E-0 6
4 4 e*xh9 1.21 1.27 1.02 1.21 0.00031 1.47E-06, 1.25 1.19---------- 2.365E-06
45 exhll 1.06 1.28 1.1~ 1.26 0.00027 1.582-061 1.16 1.151--------- 2.55E-06
46 exhl3 1.28 0.85 0.56 0.75 0.00033 8.06E-071 1.52 1.34----------> 1-.2962-06
47 exhiS 1-l.2 1.13 0.81, 1.03 0.00031, 1.172-06. 1.40 1.27----------> 1.8782-06
48 exhl7 1.28 -1.08- 0.79! 0.97 0.000321 1.142-06 1.34 1.23---------->, 1.832E-00
49 exhl9 1.26 1.43 1.18' 1.37 0.000321 1.7E-06. 1.21 1.16-_-------, 2.7362-06
70 exh2-l 1.22 -1.36 10' 1.29 0.000311 1.!7E-00 1.25- 1.18------- 2.5272-066
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_ A 9 C D E IF k M I J K
1 SMPM30F ___ __ __ ____

3 stoe bticks h I ticks ho ticks h2 ticks b (m) [ho (in) gam gam2 oil- thickness- ho(m
4 comp2 1.24 0.82 0.63 0.751 0.00032116, 9.198E-07 1.30 1.19 correetion 1.4257E-00
5 comp4 1.02 0.89 0.64 0.74 0. 0002641 81 9.344E-07 1.39 1.1S faco api 1.44 3E-06
* Cop .3 0.890.69 0.68i 0.00033671 1.0074E-06 1.29 1.28.........- > 1.5615E-06
7 comps 1.16 1.08 0.83 0.92 7.0003004' 1.211SE-06 1.30 1.11.......... > 1.6783E-06
a COMPlO0 1.18 0.971 0.8 0.87, 0.00030562 1.168E-06 1.21 1.09---------- 1.8104E-06
9 comnp12 1.21,j 1.15. 0.87 1 0.00031339 1.2702E-00 1.32 1.15.........- 1.968$E-06

10 IcompI4 1.22 1.04 0.81 0.91 0.00031598 1.1826E-06 1.28 1.11.......... > 1.833E-06
11 compis . 0.83 1.111 1 1.07, 0.000214971 0.00000146 1.11 1.07..........- 2.203E-06
12 Icornpls i 0.84' 0.71. 0.8 0.000259: 1.0306E-06 1.16 1.13.........- > 1.6067E-6e
13 comp2O 1.2 0.981 0.69. 0.85' 0.0003108; 1.0074E-00 1.39 1.23.........- > i.5615E-06.
14 comp22 0.83' 0.72i 0.68' 0.7 0.00021497 9.928E.07 1.06 1.03.........- 1.53881E-06

If pwr2 10.88 0.49' 0.39 0.451 0.000227921 5.694E-07 1.26 1.15.........- 8.6257E-97
17 wr4 0.95, 0.591 0.49t,-0.54! 0.00024605; 7.154E-07 1.20 1.10........... i lOBE-OS

18 pwr6 0.97 0.58! 0.7 .4 .02S2 6.6E0 1.23 1.04.........- 1.063SE-08
19 pwrB .3 .1 .1 8 00067 .4E 1.20 113.73..........-- 1.1541 E-0S

20 wrl0 0.96 .58 0.4 0.5 3 0.024864' 7.OOSE-07 1.21 1.101.........-> 1.8621E.0S
21 pyvri2 0.95 0.54 0.391 0.49 002405 5.694E-07 1.38 1.261.........-> 8.8257E-07
22 pwrl4 0.93' 0.68' 0.53 0.59' 0.00024087' 7.738E-07 1.25 1.11.......... > 1.1994E-00
23 owriS8 0.89 0.81' 0.72! 0.76! 0.000230511 1.051215-06 1.18 1.06.........-> 1.6294E-06

24 pwriB 0.98 0.56! 0.49, 0.5 0.00258 7.14-7 .4 1.02..........- > 1.1089E-06
'1 ~ ~ ~ ~ 6 Il ______.0 1.14________ -.-- '

25 pwr2O 1 0.99 0.59, 0.43 0.58! 0.0002564 6.7SE07 1.37 1.35.........- 9.7309E-07
26 Iwr22 0.92 0.51 0.41 0.5 0.00023828 5.988E-071 1.24 1.22.........-> 9.278=3E.07
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A 9 C D E P 0 H ! J K
1 SMPS15F - I2 __________ _____ 

________ ______

3 stroke ,b ticks hl ticks ho tickth2 ticks b (m)' ho ) Gml grn2 oil thickness ho (m)
4 Int2 1.04 1.37 1.1, 1.28, 0.000280381 1.61E-08 1.251 1.16'eorroction 2.59E-00
S In%4 0.94 1.07 0.85 0.98! 0.00024346 1.24E-066 1.261 1.15;factor aWplie( 2.00E-06
* Int8 _ 1 1.15 0.98, 1.08 0.000259 1.43E-06 1.17 1.10' --------- > 2.30E-06
7 int8 1.12,- 1.22 1 1.14 0.00029008 1.46E-06 1.22! 1.141 ......... > 2.35E-00
8 Intl0 0.98 1.26 1.04 1.18 0.00025382 1.52E-06 1.21 1.121 ......... > 2.44E-06
9 Intl2 1.01 1.82 1.46. 1.47: 0.00026159, 2.13E-06 1.04' 1.01 ..I..-,>- 3.43E-06
10 Intl4 1.06 1.2 1T 1.16 0.00027454, 1.46E-061 1.20 1.i1 --------- > 2.35E-00
11 IntlS 1 1.48 1.21 j 1.27' 0.000259 1.77E-06 1.22 1.05 --------- > 2.84E-06
12 12 -nt8 1.02 1.28 0.91' 1.04 0.00026418' 1.33E-06 1.411 .14 ........... 214E06
1 Int20 0.97 1.14 0.97, 1.00 0.00026123' 1.42E-06 1.181 1.121 --------- > 2.28E-06
14 - nt22 i1.07 1.52 1.17 13 0.00027713! 1.71E.O8 i30 

1 1 1 >.... .752-0

16 compi 1.25 1.2 1.02 1.13 0.00032375 1.49E-06 1.18' 1.11 ......... 2.40E-06
17 Cop3 1.2 1.21 0.82- 0.961 0.00031081 1.20E-061 1.48 1.17' ......... > 1.93E-06
16 comp5 0.9 0.98 0.72 0.79 i 0.0002331 1.05E-061 i. 0 ....101 • 1.692E-06
1 9 copZ1 1.

2  1.2 0.J.- 1.oo 0.0003108 1.37E-06 1.28i 1.16 --------- 2.21E-06
20 comp9 1.29 1.29 1 1.14 0.00033411 1.46E-061 1.291 1.14! ......... 2.35E-O6
21 comp ._ 1.35 1.1 0.79 1 0.0034965' 1.15E-061 1.391 1.271 ......... 1.862-06
22 corpi3 1.18 1.03 0.74 0.861 0.00030044 1.08E-06' 1.39. 1.16 i --------- 1.74E-06
22 comp1 5 1.28 1.03 0.78, 0.98! 0.00033152i  1.14E-061 i.31.26 i .--------- 1.83E-06
24 comp17 1.31 1.11 0.73 0.02! 0.000339 9 1.072-06: 1.52! 1.20, - 1.72E-0
25 compl9 1.06 1.32 0.89 1.03 0.00027454 1.30E-06 1.48! 1.16 ......... > 2.09E-06
26 comp2l 1.17 1.13 0.73 0.82 0.00030303i 1.07E-06, 1.55j 1.21 --------- > 1.72E-06
27 ,'I -

28 pwr1 0.98 0.89 0.68 0.7' 0.00025382 9.93E-071 1.311 1.03j ....------ > 1.60E-06
29 pwr3 0.94 0.72 0.58 0.64; 0.00024346, 8.472-07 1.24; 1.10, --------- 1.38E-06
s0 ,wrS 1.03 0.73 0.5 0.59. 0.000266771 7.30E-07' 1.46 1.18 --------- 1.18E-06

31 wr7 0.97 0.91 0.66. 0.78' 0.00025123; 9.64E-071 1.38' 1.18 -------- > 1.55E-06
82 pwr9 1.03 0.99 0.67 0.71 0.00026877; 9. 7 8E-0 7i 1.48 1.06! ........... 1.57E-06
33 pwrl1 0.98 0.63 0.41 0.57' 0.00025382' 5.99E-07, 1.54' 1.39; ......... 9 0.64E-07
34 pwrl3 1.2 0.77 0.51 0.66 0.0003108, 7.30E-07 1.54 1.32 - .--------- > I.18E-00
35 ,wl5 0.97 0.81 0.69 0.8' 0.00025123: 1.01E-06 1.17, i.11 ---. 1.62E-06
36 wr17 0.9i 0.88 0.79 0.8! 0.00025641 1.15E-06 1.111 1.011 --------- > 1.86E-06
T ,wrl9 1 0.95 0.71 0.58 0.6i7 0.00024605 8.472-07, 1.22. 1.05' .. 1.362-06

38 pwr2l 0.93 0.62 0.48 0.6 0.00024087 7.01E-07. 1.29 1.25 ......... > 1.13E-08
39 ___ 1

40 .xh2 1.31 1.22 0.93 1.141 0.00034 1.3392E-06 1.31 1.231 --------- 2.16E-06
41 xh4 1.18 0.92 0.75, 0.89' 0.00030 0.00000108. 1.23! 1.19'--------- 1.742-06
42 exh6 1.34 1.2 0.88' 1.11 0.00034 1.2672E-08 1.36: 1_26--------- 2.042-06
43 exh8 1 0.86 1.02 0.87, 1.01 0.00022' 1.2528E-06' 1.17, 1.16! ......... • 2.02E-06
44 exhl0 1 1.29 0.7 0.42' 0.63' 0.00033 6.048E-07i 1.67 1.501 ......... • 9.74E-07
45 exh12 1.27 1 0.711 0.92 0.000331 1.0224E-06' 1.41 1.30 - ----- • 1.SE-06
46 exh4 - 1.2 1.02 0.78' 0.89' 0.00031' 1.1232E-06 .31 1.14 -. 1.81E-06
47 *xh16 ' 0.91 0.89 0.8 0. 0.00023 1.224E-06 1.051 1.04' --------- > 1.97E-06
48 exh1S 1 1.19 0.9 0.71 0.821 0.000301 1.0224E-06 1.27 1.15 --------- i.65E-06
49 exh20 1 1.26 1.08 0.82' 0.98' 0.00032 1.16082-06 1.32' 1.20.......... 1.9E-06
70 0xh22 ' 1.12 0.91- 0.78- 0.9 0.00029 1.1232E-06 1.17. 1.15. ---------.> 1.612-06
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A B C D I F I H I J K
I SMPS30F
2

2 stroke b ticks hl ticks ho tick h2 ticki b (m) ho (m) ami _gai2 o_ l thickness ho (m)
4 Int2 1.08 0.72 0.44 0.65 0.00027972! 6.42E-07 1.64 1.48 correction _ .OeE-07
5 Inte 0.93 0.41 0.29 0.38 0.00024087 4.23E-07 1.41 1.31 factor appIl 6.56E-07
6 IntlO 0.91 0,19 0.09 0.13 0.00023569 1.31E-07 2.11 1.44 ......... 2.04E-07
7 int12 101 0.38 0.15 0.32 0.000259 2.19E-07 2.53 2.13 --------- 3.39E-07
8 1nt14 1.08 0.45 0.32 0.44 0.00027972. 4.67E-07 1.41 1.38 --------- 7.24E-07
9 Intl __1 0.83 0.72 0.81 0.000259 1.05E-06 1.15 1.13 --------- 1.3E-06

10 i nt i 8 1 1 0.83 0.9 0.000259 1.21 E-06 1.20 1.08 --------- 1.88E-06
11 Int20 0.92 0.83 0.72 0.730038281105-06 1.15 1.01 --------- > 1.63E-06
12 int22 1 0.56 0.35 0.45 0.000259 5.11E-07 1.60 1.29 .--------- 7.92E-0715 _ .0285i7E0

14 comp1 0.95 1.62 1.22 1.28 00
2 4

00511
7 E-06 1.33 1.05 --------- 2.76E-06

15 Comp3 1.23 1.68 1.39 1.5 0.00031857 2.03E-06 1.21 1.08 - ........ > 3.15E.06
16 Comp_ 1.18 1.67 1.43 1.52 0.0003052 2.09E-06 1.17 1.06 --------- > 3.24E-06
17 comp7 1.12 1.31 1.12 1.19 0.00029008 1.64E-06 1.17 1.06 -- 2.53-0
18 ompg 1.05J 1.49 1.32 1.35 0.00027195 1.3E-0s 1.13 1.02 ---------. 2.99E-0S
19 compj_ __ 1 1.76 1.61 1.69 0.000259 l 2.35E-06 1 .09 1.05---------. 3.642-06
20 Comp13 1.05 1.42 1.22 1.25 0.00027195,1.782-06 1.16 1.02 2.76E.06

21 comp15 1.19 1.6 1.38 1.61 0.00030821 2.01E-08 1.19 1.17 --------- 3.12-06

22 comp17 1.24 1.43 1.19 1.35.0.00032116:1.742-0 1.20 1.13---------, 2.69E-09

22 compl9 1.23 1.51 1.22 1.28 0.000318571 1.78E-06 1.24 1.05 --------- 2.76E-06
24 comp21 1.24 1.56 1.39 1.5 0.00032116 2.03E-00 1.12 1.08 ---------.. 3.15E-06
25
26 pwrl 0.98 0.92 0.71 0.73 0.00025382 1.04E-00 1.30 1.03 --------- i.61E-08
27 pwr3 0.99 0.81 0.72 0.79 0.00025641! 1.05E-06 1.13 1.10 --------- 1.63E-06
28 nwr5 1.12 0.83 0.65 0.81 0.000290081 9.49E-07 1.28 1.25 --------- 1.47E-06
29 pwr7 0.89 0.88 0.78 0.86 0.00023051 1.14E-06 1.13 1.10 --------- > 1.77E-06
2 pwr9 0.94 0.81 0.67 0.8 0.00024346 9.78E-07 1.21 1.19 --------- > i.522-06
31 pwrli 0.98 0.81 0.68 0.69 0.00025382! 9.93E-07 1.19 1.01 ---------- 1.54E-06
32 pwrl3 0.9 0.67 0.5 0.56 0.0002331; 7.30E-07 1.34 1.12 --------- 1.13E-06
33 pwrl5 0.79 0.73 0.6 0.62 0.00020461! 8.76E-07 1.22 1.03 --------- 1.36E-06
24 pwr17 0.87 0.93 0.75 0.78 0.00022533i 1.10E-08 1.24 1.04 --------- 1.70E-06
32 pwrl9 0.96 0.73 0.58 0.68 0.00024864; 8,47E-07 1.26 1.17 --------- > 1.31E-06
36 wr2l 0.92 0.96 0.78 0.8 0.00023828! 1.14E-06 1.23 1.03 --------- 1.77E-067

SS exh2 1.28 1.02 0.83 0.98 0.000331521 1.21E-06 1.23 1.18 --------- 1.88E-06
39 exh8 0.79 0.79 0.55 0.59 0.00020461, 8.03E-07 1.44 1.07 --------- 1.24E-06
40 ex18 1.2 0.29 0.12 0.26 0.0003108; 1.75E-07 2.42 2.17 --------- > 2.72E-07
41 exhlO 1.27 0.46 0.28 0.36 0.000328931 4.09E-07 1.64 1.29 --------- 6.34E-07
42 exhl2 0.93 0.17 0.08 0.16 0.00024087 1.17E-07 2.13 2.00-------- 1.812-07

43 exh14 1.08 0.6 0.40 0.53 0.00027972 6.72E-07 1.30 1.1 --------- > 1.04E-06
44 *xhlS 1.26 0.61 0.42 0.59 0.000326341 6.13E-07 1.45 1.40 --------- 9.50E-07
45 *xhl8 1.2 0.89 0.59 0.72 0.00031081 6.612-07 1.51 1.22 ---------.. 1.34E-00
46 exh20 1.3 0.91 0.51 0.72 0.0003367: 7.45E-07 1.78 1.41 --------- > 1.15E-06

7--xh22 0.88 0.6 0.35 0.39 0.00022792 5.11E-07 1.71 1.11 -------- -- 7.922-07
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A 1 c D _ 9 1 F a H I J K
1 SBPM15F____
2 _
3 stroke xl x2 x3 -yl .y2 y3 b (m) iho (Im) gamin gam2
4 IntS -15.12 -14.93 -14.6 2.49 0.84 3.77 0.00052i 0.000000841 2.96 4.49
5 Int8 -15.34 -15.14 1-4.84 3.47 0.37 2.52 0.0005i 0.000000371 9.38 6.81

in tlO -15.24 -15.02 -14.76 2.44: 0.87 2.21 0.0004 0.000000871 2.80 2.54
7 int12 -15.2 - -15.07 -14.78 3.18 1.25 2.91 0.000481 0.00000125 2.54 2.33
* IntI4 -15.19 -14.99 -14.73 2.88 1.55 2.94 0.000461 0.00000155 1.68 1.90
* Int18 -15.26 -15.07 -14.78 3.91 2.17 3.63 0.00048! 0.00000217; 1.80 1.67
1-0 Int1S 15.2 ¥  -15.07 -14.8 1.74 0.2 1.8 0.000471 0.0000002 6.70 8.00
11 Int2O -15.3 -15.11 -14.83 3.15 2.11 3.34 0.000470.00000211 1.49 1.58
12 ~1 _

13 compi 14.92 15.22 15.4 3.941 1.85 2.64 0.0004810.00000185 2.13 1.43
14 comp3 14.93 15.18 15.36 2.98! 1.89 3.21 0.00043 0.00000189 1.8 1.70
Is comps 15 15.33 15.51 5.72 2.82 3.64 0.00061 0.00000282 2.03 1.29
16 omp7 14.87 15.15 15.35 3.2& 1.32 2.78 0.00048 0.00000132 2.47 2.11
17 comp9 14.94 15.22 15.42 3.891 1.96 3.38 0.000480.00000198, 1.08 1.71
Is compll 15.21 15.47 15.08 2.18' 0.84 2.04 0.00045 0.000000841 2.60 2.43
19 Comp1 3 15.31 15.58 15.78 3.891 1.91 3.07 0.00047 0.00000191 2.04 1.61

20 comp15 14.73 15.02 15.2 3.07 1.45 2.69 0.000470.00000145 2.12 1.88
21 cop17 14.84 15.18 15.33 4.6 1.81 2.45 0.000490.00000181 2.54 1.35
22 comp19 14.65 15.03 15.2 4.81 1.7 2.77 0.000551 0.0000017 2.83 1.83
23 comp21 15.22 15.52 15.73 3.9; 1.46 3.87 0.00051 0.00000146 2.67 2.65
24 , __ _
29 wri -15.39 .15.19 -14.92 5.58 2.59 4.3 0.00047! 0.00000259! 2.15 1.86
20 pwr3 -15.06 -14.84 -14.65 4.19 2.93 3.85 0.000410.00000293 1.43 1.31
27 pwr5 -15.32 -15.11 -14.85 4.3J 2.53 4.04 0,00047 0.000002531 1.70 1.60
28 wr7 -18.12 -15.91 -15.55 8.92 2.76 8.15 0.00057 0.00000278 2.51 2.23
29 pwr9 -18._15- -15.91 -15.5 8.58 2.81 7.77 0.00085, 0.00000281 3.05 2.77
30 pwr 1 -18.2 -18 -15.76 0.13 3.02 3.94 0.00044 0.00000302 2.03 1.30
31 pwr13 -16.07 -15.83 -15.5 6.41 2.38 5.53 0.0057 0.00000238 2.09 2.32
32 pwri5 -15.23 -15.03 -14.85 3.61. 2.05 2.52 0.00038 0.000002051 1.76 1.23
33 pwrl7 -16.08 .15.86 -15.49 6.32. 2.91 6.56 0.00059 0.00000291! 2.17 2.25
34 pwr19 -16.08 -15.88 -15.63 5.29 3.27 4.24 0.00045 0.00000327 1.62 1.30
35 wr2l -16.05 -15.83 -15.55 4.83 2.79 4.09 0.0005 0.00000279 1.73 1.47
36 --- - [
37 exh2 14.84 15.16 15.33 2.89 0.81 1.58 0.00049 0.00000081 3.57 1.95
38 exh4 14.81 15.09 15.27 2.77 1.46 2.26 0.00046! 0.00000146 1.90 1.55
39 exh6 15.31 15.63 15.82 4.44 1.66 2.53 0.00051 0.000001688 2.87 1.52
40 " xh8 14.72 15.04 15.26 3.47 0.77 3.31 0.00054! 0.000000771 4.51 4.30
41 .xh1O 14.72 15.01 15.21 3.01. 0.88 2.34 0.00049i 0.00000086 3.50 2.72
42 exh12 15.26 15.55 15.72 3.55 1.33 1.52 0.00046 0.00000133: 2.67 1.14
43 oxhi4 15.18 15.48 15.87 2.34 0.74 2.43 0.000491 0.00000074C 3.16 3.28
44 *xh18 14.9 15.19 15.4 3.54 1.36 2.35 0.0005 0.00000136 2.60 1.73
45 *xh20 15.08 15.36 15.54 2.92! 1.25 2.69 0.000461 000000125 2.34 2.15
46 exh22 15.141 15.41 15.8 2.97 1.46 2.17 0.00046 0.00000146 2.03 1.49
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A 9 C D E I IF aI J K

1 SBPM30F ___

3 stroke xl x2 x3 yi y2 Y3 b (m) ho(m) siml ia2
4 Int2 -15.33 -15.12 -14.87 2.8 1.34 3.27 0.00048 0.00000134 2.09 2.44
5 Int4 -15.28 -15.08 -14.8 3.18 0.99 2.9 0.00048 0,00000099 3.21 2.93
6 IntS -15.11 -14.93 -14.59 2,44 0.78 3.75 0.00052 0.00000078 3.13 4.81
7 IntS -15.35 -15.14 -14.86 3.53 0.33 2.54 0.00049 0.00000033 10.70 7.70
8 intlO -15.21 -15.03 -14.77 2.39 0.96 2.19 0.00044 0.00000096 2.49 2.28
9 intl2 -15.25 -15.06 -14.79 3.11 1.26 2.86 0.00046 0.00000126 2.47 2.27
10 Intl4 -15.19 -14.97 -14.72 2.81 1.36 2.63 0.00047 0.00000136 2.07 1.93
11 Int16 -15.24 -15.03 -14.77 3.76 2.27 3.83 0.00047 0.00000227 1.66 1.69
12 Intl8 -15.27 -15.07 -14.79 1.71 0.3 1.6 0.00048 0.0000003, 5.70 5.33
13 Int22 -15.19 -14.99 -14.73 3.08 1.64 3.07 0.00046 0.00000164 1.88 1.87
14
1 comp1 14.92 15.24 15.4 3.88 1.72 2.45 0.00048 0.00000172 2.26 1.42
16 cor. _p3 _ 14.9 15,15 15.31 2.77 1.78 2.3 0.00041 0.00000178 1.50 1.29
17 comps 14.99 15.3 15.47 5.64 3.01 3.85 0.00048 0.00000301 1.87 1.28

18 comp7 14.73 14.99 15.18 3.08 1.39 1.92 0.00045 0.00000139 2.22 1.38
19 cor n 9 14.94 15.25 15.42 3.93 2.03 3.31 0.00048 0.00000203 1.94 1.63
20 compl1 15.23 15.5 15.68 2.28 0.8 1.61 0.00045 0.0000008 2.85 2.01
21 coMP13 14.75 15.03 15.2 2.2 1.13 2.04 0.00045 0.00000113 1.95 1.81
22 comp15 14.73 15.01 15.19 3.07 1.38 2.58 0.00046 0.00000138 2.22 1.87
23 compl7 14.84 15.17 15.33 4.55 1.95 2.38 0.00049 0.00000195 2.33 1.22
24 compl9 14.65 14.99 15.18 4.64 1.74 2.68 0.00053 0.00000174 2.67 1.54
25 comp21 15.22 15.54 15.73 3.86 1.34 3.75 0.00051 0.00000134 2.88 2.80
26
27 wrI -15.39 -15.2 -14.92 5.23 2.42 4.02 0.00047 0.00000242 2.16 1.66
28 pwr3 -15.11 -14.91 -14.7 4.44 2.73 3.7 0.00041 0.00000273 1.63 1.36
29 pwr5 -15.35 -15.13 -14.84 5.06 2.39 4.03 0.00051 0.00000239 2.12 1.69
30 I pwr7 -16.12 -15.9 -15.56 8.7 2.38 5.91 0.00056 0.00000238 2.82 2.48

31 pwr9 -15.25 -15.06 -14.81 3.58 1.93 3.04 0.00044 0.00000193 1.85 1.58
32 pwrll -18.13 -15.93 -15.64 5.75 2.88 5 0.00049 0.00000288 2.00 1.74
33 pwr13 -16.11 -15.87 -15.55 8.69 2.2 5.03 0.00056 0.0000022 3.95 2.29
34 pwr15 -14.92 -14.71 -14.55 3.34 1.54 2.22 0.00037 0.00000154 2.17 1.44

5 wl7 -18.1 -15.91 -15.5 6.84 2.72 6.56 0.0006 0.00000272 2.51 2.41
8 pwr19 -16.11 -15.91 -15.65 5.98 3.31 4.44 0.00046 0.00000331 1.61 1.34
37 jpwr2l -15.77 -15.81 -15.34 4.44 2.74 3.64 0.00043 0.00000274 1.62 1.33
381
39 exh2 14.83 15.14 15.3 3.01 0.82 1.01 0.00047 0.00000082 3.67 1.23
40 *xh4 14.8 15.1 15.26 2.65 1.29 2.2 0.00046 0.00000129 2.05 1.71
41 exhS 15.31 15.63 15.82 4.17 1.56 2.44 0.00051 0.00000156 2.67 1.56
4-2 -xh8 14.74 15.03 15.25 3.23 0.54 3.16 0.00051 0.00000054 5.98 5.85
43 *xh1O 14.73 15.02 15.21 2.86 0.68 2.08 0.00048 0.00000068 4.21 3.06
44 exhI2 14.69 14.96 15.15 2.17 1.17 1.6 0.00046 0.00000117 1.85 1.37

45 .xhl4 15.15 15.44 15.63 2.52 0.58 1.79 0.00048 0.00000058 4.34 3.09
46 ,exhI6 14.89 15.19 15.36 3.43 1.52 2.04 0.00047 0.00000152 2.26 1.34
47f exh20 15.07 15.34 15.54 2.85 1.28 2,98 0.00047 0.00000128 2.23 2.33
4.8 Txh22 15.21 15.49 15,71 3.47 1.51 1.88 0.0005 0.00000151 2.30 1.25
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A 1 3 1 C i D 5 1 F a I I J K
I SBPSISF - -... .
2-

3 stroke xi - x2 x3 '1 y2 Y3 b (m) ho (mn) gant r9am2
4 Intl -15.12. -14.93_ -14.65 3.24 1.73 3.16 0.00047 0.00000173 1.87 1.83
5 int3 -15.22 -15 03 -14.74 3.18 1.68. 2.83 0.00048 0.00000168 1.9W 1.68
6 Int5 -I 5.2 -15 -14.69 2.92 1.73 4.08 0.00051 0.00000173 1.69 2.36
7 int7 -15.07 -14.89 -14.07 3.41 2.22 3.32 0.0004 0.00000222 1.54 1.50
8 int9 .- 15.09 -14.9, -14.66 2.84 1.54 2.67 0.00043 0.00000154 1.84 1.73
9 intl1 -15.27 -15.07 -14.86 3.54 2.45 3.39 0.00041 0.00000245_ 1.44, 1.38
10 int13 -15.15 -14.94- -14.55 3.03; 1.85 3.9 0.0005 0.0000085 1.64' 2.11
11 intI5 -15.07 -14.86 -14.82 3.89 2.22 3.16 0.00045, 0.00000222 1.75, 1.42
12 intl7 -15.29 -15.09 -14.91, 3.63 2.01 2.48 0.00038 0.00000201 1.811 1.23
12 Inti9 -15.2 -15 -14.78' 3.61, 2.08 3.2 0.00042 0.00000208 1.74 1.5414 1 2
15 comp2 15.16 15.53: 15.71 5.98. 2.69 4.69 0.00055 0.00000269 2.22 1.74
16 c omp4 1 15.08 15.43 15.61 5.32 1.98 4.16 0.00053 0.00000198 2.69! 2.10
17 comp6 14.97 15.32 15.51 6.25, 2.82 4.72 0.00054 0.00000282 2.22 1.67
10 com 14.87: 15.33i 15.51 7.33 1.73 4.37 0.00064 0.00000173 4.24 2.53
19 complOi 14.9 15.3 15.4t 7.29 3.12 4.09 0.00056 0.00000312 2.34 1.31
20 compl2 15.15 15.51. 15.69 5.67 2.8 3.99 0.00054 0.0000028 2.03 1.43
21 comp14 14.94 15.39 15.55 6.55 2.01 3.42 0.00061 0.00000201 3.26, 1.70
22 comp16 15.3 15.71 15.9 66 2.37 3.48 0.00060.00000237 2.81 1.47
22 comp18 15.04 15.37 15.58 6.37 3.06 5.5 0.00054 0.00000306 2.08 i 1.80
24 com20. 15.2 15.53 15.74 4.36 1.52 3.53 0.000540.00000152 2.87, 2.32
28
26 pwr2 -14.88 -14.68 -14.45 3.3 2.15 3.21 0.00043 0.00000215 1.53 1.49
2? pwr4 -14.79 -14.62 -14.47 2.07 1.4 1.7 0.00032 0.0000014 1.48 1.21
28 wrO -14.92 -14.71 -14.54 3.51 1.78 2.47 0.00038 0.00000178 1.97 1.39
29 pwr8 -14.96 -14.78 -14.63 2.05 1.34 1.71 0.00033 0.00000134 1.53 1.28
$0 pwr1O -14.93 -14.73 -14.55 2.64 1.54 2.37 0.00038 0.00000154 1.711 1.54
31 pwri2 -14.81 -14.8 -14.34 3.94 1.76 3.62 0.00047 0.00000176 2.24L 2.00
32 pwrl4 -15.15 -14.93 -14.7 3.9 1.94 3.24 0.00045 0.00000194 2.01 1.67
33 !pwrl .15.05 -14.88 -14.59 2.93 1.30 2.5 0.00046 0.00000136 2.15 1.64
24 pwr18 -15.06 -14.83 .14.56 2.53 0.92 2.46 0.0005 0.00000092 2.75 2.67
3 pwr20 -15.13 -14.94 -14.78 3.15 2.36 2.77 0.00035 0.00000236 1.33 1.17

57 exhl 15.41 15.78 15.95 4.24 1.44 2.36 0.00054 0.00000144 2.94 1.64
38 exh3 14.97 15.3 15.48 5 1.99 3.95 0.00051 0.00000199 2.51 1.98
39 .xhS 15.16 15.49 15.67 4.57, 1.85 3.05 0.00051 0.00000185 2.47 1.65
40 exh7 15.83 15.9 16.08 3.47. 1.28 2.6 0.00045 0.00000128 2.71 2.03
41 exh1l 14.94 15.44 15.6 8.63 2.73 5.2 0.00066 0.00000273 3.16 1.90
42- xhi3 15.18 15.46 15.65 4.19 2.55 3.76 0.00047 0.00000255 1.84 1.47
43 oxh1S 15.46 15.72 15.91 3.73 1.99 2.45 0.00045 0.00000199 1.87 1.23
44 exh17 14.94 15.35 15.54 6.09 2.1 4.39 0.0006 0.00000211 2.90 2.09
46 exh19 14.97. 15.38 15.53 6.61 2.66 3.49 0.000560.00000266 2.48 1.31
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A _ C D E I IF a H z I -K
I SBPS30F
2

3 stroke xl x2 " x3 yl y2 y3 b (m) ho (m) gami gam2
4 Intl -15.34 -15.14 -14.95 2.14 1.88 1.75 0.00039 0.00000188 1.14 0.93
5 Int5 - -1-.33 -15.14 -. 14.9 0.72 0.52 1.35 0.00043 0.00000052 1.38 2.60
* Int7 -15.29 -15.14 -14.96 0.36 0.12 0.83 0.00033 0.00000012 3.00 5.257intg -1,5.16 -14.98--14.82 0.57 0.22 0.81 0.6004 0.00000022 2.59 2.77
I intl 1 -15.4 -15.18 .15.01 0.85 0.17 0.93 0.00039 0.00000017 5.00 5.47
* Int15 .15.1 -14.92 -14.67 2.14 1.63 2.88 0.00043 0.00000163 1.31 1.77

10
11 comp2 15.94 16.21 16.38 3.20 1.84 1.88 0.00044 0.00000184 1.77 1.02
12 comp4 18 18.21 18.37 3.14 2.33 2.55 0.00037 0.00000233 1.35 1.09
13 comp 15.89 16.07 16.21 1.98 1.51 1.59 0.00032 0.00000151, 1.30 1.05
14 comp p 15.82 18.11 16.28 3.9 1.73 2.08 0.00046 0.00000173J 2.25 1.20
15 complo 15.89 16.09 16.26 2.61 1.7 1.92 0.00037 0.0000017 i 1.54 1.13
10 comp ! 2 15.83 15.96 16.17 2.43 2 2.44 0.00034 0.000002 1.22 1.22
17 comp14 15.89 16.14 16.28 3.54; 2.52 2.52 0.00039 0.00000252 1.40 1.00
1c oml 15.83 16.06 16.2 3.27 2.13 2.39 0.00037 0.00000213 1.54 1.12
19 compla 16.05 16.3 16.48 3.37 2.28 2.6 0.00043 0.00000226 1.49 1.15
20 comp2 -16.08 16.32 16.49 2.88 2 2.28 0.00043 0.000002 1.44 1.13
21 __ ____ ___

22 pwr2 -14.97 -14.77 -14.5 1.3 0.74 2.85 0.00047 0.00000074 1.76 3.85
23 lwr4 -15.11 -14.93 -14.77 1.28 1.16 1.45 0.00034 0.00000116 1.10 1.25
24 pwr8 -15.01 -14.84 -14.67 2.2 1.28 1.86 0.00034 0.00000128 1.72 1.45
25 pwr8 -14. 9 -14.72 -14.57 1.61 1.23 1.56 0.00033 0.00000123 1.31 1.27
26 pwrl 0 -14.95 -14.79 -14.6 2.18 1.66 2.24 0.00035 0.00000106 1.31 _ 1.35
27 wrl2 -14.94 -14.78 -14.71 1.82 1.13 1.18 0.00023 0.00000113 1.43 1.04
28 pwrl4 -14.91 -14.75 -14.47 1.48 0.93 2.45 0.00044 0.00000093 1.59 2.63
20 pwr18 -14.89 -14.74 -14.57 1.68 1.51 2.03 0.00032 0.00000151 1.11 1.34

wrL8 "-14.72 -14.55 -13 1+.8 -1.31 1.49 0.0035 0.00000131 -1.37 1.14
31 pwr20 -I4.94 -14.8 -14.63 1.11 0.96 1.34 0.00031 0.00000098 1.16 1.40
32

33 exhl 15.22 15.8 15.79 5.48 1.52 2.26 0.00057 0.00000152 3.61 1.49
34 *xh3 15.66 15.931 18.1 1.88- 0.85 ,1.1 0.00044 0.00000085_ 2.21 1.29
35 Cxh5 15.44 15.72 15.9 1.81 0.47 1.43 0.00048 0.00000047 3.85 3.04
36 exh7 15.5 15.79 15.93 1.48 0.25 0.25 0.00043 0.00000025 5.92 1.00
17 exh9 15.47 15.77 15.94 1.38 0.19 0.42 0.00047 0.00000019 7.16 2.21
38 exhil 15.7 15.96 16.15 1.33 0.17 0.38 0.00045 0.00000017 7.82 2.24
30 exh15 15.32 15.7 15.87 5.05 1.29 1.67 0.00055 0.00000129 3.91 1.29
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A 1 I C D E _ 0 H
1 SMPM15.XT - -- _ __r

S stroke b ticks hl ticks ho ticks h2 ticks b(m) ho (m) gaml gan2
4 Intl 1.4 1.87i 1.1 1.65 0.0003626, 1.61E-06 1.70 1.50
S Int3i 1 2.22 2.03 2.08 0.000259 2.961-08 1.09 1.02
. . IS 0,81 2.07 1.79 1.9 0.0002097g 2.61E-06 1.i6 1.06
7 Int7 1.4 3.12 2.37 2.73 0.0003626 -3.4E-0S 1 .R 1.15
8 Int9 1.22 2.08 1.69 1.89 0.00031598 2.47E-06 1.23 1.12
. Intl 1 1.32 2.7 2.17 2.49 0.00034188 3.17E-06 1.24' 1.15
10 inti 1.28 2.91 2.47 2.68 0.00033152 3.01E-06 1. 18 1.09
I1 Iint15 1.18. 2.18j 1.83 2.06 0.000305621 2.e7E-00 1.19 1.13121 ntl71 1.26: 2.37! 1.98 2.28 0.00032634 i 2.809E-00 1.20 1.15
12 intli 1.28 2.05 1.48 1.85 0.00032634 2.16E-06 1 39' 1.25
14 int2l 0.8 2.12 1.9 1.98 0.0002072 2.77E-06 .121 1.04
151 __

16 comp4_.. 0.9 1.28 1.05 1.18 0.0002331: 1.53E-06 1.22 1.12
17 cmpS 1.48 2.02 1.42 1.74 0.00038332 2.07E-06 1.421 1.23
is comp - 1.23 1.42. 1.02 1.25 0.00031857' 1.49E-06 1.39 i.23
19 comp 0 1 1.68 2.09 1.29 1.57 0.00043512 1.88E-06 1.62; 1.22
20 comp 12 1.67 2.03' 1.28 1.58 0.00043253" 1.87E-06 1.59! 1.23
21 compl4 ! 1.59 2.08 1.31 1.58 0.00041181: 1.91E-06 1.591 i.21
22 comp!8! - 1.69 1.82 0.9 1.18 0.00043771.1.31E-06 2.04 i
2T comp18 1.29 1.6 1.31 1.54 0.000334111 1.91E-06 1.27. 1.18
24 comp2O 1.7 2.22 1.22 1.58 0.0004403 1.78E-06 1.82 1.30

S5 co mp22 1.72 2.14 1.18 1.55 0.00044548, 1.72E-06 1.81 1.31

27 exp2 . 1.38 1.96 1-49 -1.83 0.00035742 2.18E-06 1.32 1.23
28 oxp4 1.18 1.85 1.42 1.76 0.00030562: 2.07E-06 1 1'T.24
29 exp -6 1.32. 2.07 1.53 1.92 0.00034188 2.23E-00 1.35, 1.25
s0 exp8 1.29 1.83 1.35 1.69 0.000334111 1.97E-0 1.36 1.25
31 explO _1.87 2.42 1.53 2.28 0.00043253) 2.23E-06 1.581 1.49
22 "xp12 1.32 2.05 1.47 1.84 0.00034 188 2.15E-06 1.391 1.25

2oxp14 f1.78* 2.43 1.62 2.15 0.00046102 2.37E-06 1.50, 1.33

34 .ox10 1.22 2.48 2.03 2.28 0.00031598 2.98E-06 1.22 1.12
35 exp18 1.35 2.34 1.88 2.18 0.00034985 2.74E-06 1.24 1.16
36 exp20 1.39 2.33 1.74 2.19 0.00036001 2.54E-06 1.34, 1.28
37 oxp22 1.38 2.25 1.5 2 0.00035742; 2.19E-06 1.50' 1.33

39 exhlI 1.68 2.46 1.63 1.98 0.00043008 2.36E-06 1.51 1.21
40 oxh3 I 1.38 1.77 1.32 1.7 0.00035328 1.91E-0e 1.34' 1.29
41 exh5 1.8 2.17 1.48 1.73 0.00043008 2.15E-06 1.47 1.17
42 oxhl 1.76 2.8 1.63 1.8 0.00045056 2.38E-06 1.60 1.10
42 oxh9 1.25 1.79 1.52 1.65 0.00032 2.20E-06 1.18 1.09
44 exh11 1.18 1.71 1.4 1.56 0.00030208 2.03E-06 1.21. 1.11
45 exhl3 1.71 2.4 1.58 1.89 0.00043776 2.29E-08 1.52. 1.20
48 . xhl7 1.39 2.35 1.88 1.97 0.00035584 2.73E-06 15 1.05
47 -xh19 1.59 2 1.2 1.54 0.00040704 1.74E-06 1.67 1.28
48 *xh2l 1.6 2.24 1.42 1.73 0.0004096, 2.06E-06 1.58 1.22
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A 19 C 0 E I_ _ F0--G- H I
I SIJPM3O.X
2__
8 strokoe b ticks Mi ticks ho ticks K2 tkicb (M) ho (m) gam gam2
4 Int2 1.21 1.52 1.38 -1.5 0.00031339 2.01E-06, 1.10 1.09
5 Int4 1.2 1.31 -1.13 1.27 0.00031-08 1.65E-06-1.16 1.12
0 lIntS 0.96 1.25 _1.03 _ 1.1 0.00024864' 1.506-08, 1.21 1.07

7ItS _ 096 14 1.25 1.31. 0.00024864 1.83E0' 1.1i, 1.05

4 IntlO 1 1.588 1.32 1.411 0.0002569 .3-OSq 1.20 1.07
* Intl12 0.94 1.51 1. 3 1.38 0.00024348 1.90E-06 1.16 1.06
10- IntI 0 ,- .72 - 1.85i 1.58i -1.72 0-. 0001 86-48 .3 1 -.06 1.17. 1.09

j11 intIS6 0.83 1.57 1.38 1.49 0.00021497 2.01.. 0I 1.14 1.08
12 IntiSi 104 1.47 1.2 1.29 0.00026938 1.84E-08 1.17 1.02

13 Int2O 0.88e -- 1.-5 1.29, 1.47 0.00022792 1.666 06' 1.16 1.14
14 1nt22 1.06 1.49 1.2 1.38 0.00027454 1.75E-6 124' 1.15-

16 coampi 1.24 1.57 0.97 1.08 0.00032118 1.42E-06 1.2 1.11
17 on3 11 1.21 0.99 1.'12 0.00030562 1.45E-061 1.22 11

S a compS . 1.56 1.186 1.37 0.003367 -1.'72-06 1.3 116a
11 aomnpz 1.25 1.18 0.98 1.1 0.00032375 143E-06 1 .20' 1.12
2 0 comp9 + 1.2 -1.14 1.08 1.1 0.0003108 1.58E-06 1.06! 1.02
21 omnpi! - 1.211 1.87 1.22 1.36 0.00031339 1.78E-06! 1.37 1.11
22 compi 3 1.4 1.79 1.2 1.54 0.0003026 1.75601 14 1.2
2 compiS5 1.17 1.35 1.07 1.22 0.00030303 1.56E-O6t 1.28 1.14
24 con-Pi 7- 1.21 1.69 1.48 1.57 0.00031339 2.1$E-06[ 1.14 1.08
26 compig 1.16 1.41 1.21 1.33 0.00030044 1.771E-06 1.17 1.10
26 com~p21 1.386 1.21 0.78 __1.03 0.00035224 1.146-08, 1.55. 1.32
27

26-p .1 1.3 0.92 1.03 0.00028749 1.34E-06' 1.41 1.12
29*xp3 - 0.81 1.14 1.02 1.08 0.00020979 1.49E-06' 1.12 '1.08

30 *xp5 06.8 1.05 0.98i 1.01 0.002072 1.40E-00 1.0- 1.05
21 .xp7 0.76 1.09 0.88 1.05 0.00019426 1.2911-06 1.24 1.19
32 oxptl 08 1.28 1.02 1.16 0.00022015 1.49E-08 1.24 1.14

A33 expl 0.98 1.08 0.92 1.05 0.00024884 1.34E-06 1.17 1.14
24 expiS 3 0.98 1.07 0.93 __1.05 0.00025382 1.36E-06 1.5 .3
25 expl5 0.98 08 0.72 0.83 0.00025382 1.056-06 1.22 1.16
36 oxp17_ 0.98 1.28 1.11 1.17 0.00025382 1.62E-08, 1.15 1.05
37 expig 0.78 0.97 0.87 0.9 0.00020202 1.27E-06 1.11 _ 1.02

a33, OSo x p2 1 0.8 1.021 0.83 -0.9 0.0-02072 1.21E-06 1.23 1 On

40 exh2 1.23 1l.33 18 6, 1.2 2 -0.00 0314 88 1i.66E-061 1.15 1.05
41 *xh4 _ 1.23 _1.42 1.18 _1.33 0.00031488 1.71E-O 1.20 1.13
42 *xh8 T 1.36- 1.28 1. 12 1.24i 0.00034818 1.62E-06! 1.13 1.11
42 oxh8 1.108 1 .21 01. 99 1.2 0.00027648 1.44E-06 1.22 1.21
44 *xhlO 1.22 0.86 0.73 0.79 0.00031232 1.06E-011 1.18 1.08
45 *xhl2 1.2, 1.32 0.9 1.11 0.0003072 1. 3106 i E2
_46*xhl4 1.31 1.41. 1.24 1.33 0.0003326 1.6061-06 1.14 1.07

47 eihiSa 1.321 1.53 1.37 1.51 0.00033702 1.99E-06 1.12. 1.10
48 exhIS 1.18i 1.45 12 1.100328 1.77E-08, 1.19 1.07
490h2O ___ 1.11 1.381 1.11 1.31 0.0002816 1.60E-06, 1.25 1.18
S0 loxh22 1.08T 1.21 0689 -- 1 0.60027648T 1.9-06 13 11
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A I B C D E F a H
1 SMPS15.X

3 stroke -b ticks hi- ticks hc ticcs'h2 -tic-ks h o m sml am2
4 int2 0.9 3.21 3.08 3.1 0.0002331 4.50E.06 1.04 1.01
5 inI4 1.05 3 2.6 2.79 0.00027195 3.80E-06 1.15 1.07
* Into 1.28 3.97. 3.61 3.88 0.00033152 5.27E-00 1.10 1.07
7 Int8 1.03 3.57 3.4 3.47 0.00026677 4.96E-06 1.05 1.02
8 IntlO 0.93 3.92 3.69 3.82 0.00024087 5.39E-00 1.00 1.04
9 Intl2 1 3.33 3.03 3.09 0.000259 4.42E-06 1.10 1.02
10 ilntl4 0.96 4.03 3.67 3.79 0.00024884 5.38E-06 1.10 1.03
11 Intle 1.06 3.33 3.08 3.21 0.00027454 4.50E-08 1.08 i 1.04
12 Intl 8 . 1.23 3.22 2.94 3.11 0.00031857 4.29E-06 1.10i 1.06
13 int2O 1.02 3.35 3.03' 3.18 0.00026418 4.42E-0 '1i.O
14 int22, 0.98 3.71 3.11 3.24 0.00025382 4.54E-06 1.19 1.04

161 comp1 1.71 2.49 1.76 1.97 0.00044289 2.57E-06 1.41 1.12

17 cmp 1.8 2.71 1.97 . 2.10.00043512 __2.88E-08 1.38 1.07

1"" coM5. 1.78 3.83, 2.55 3.42 0.00046102 3.72E-08 1.50. 1.34
_10 cop7 1.37 3.32- 2.73' 2.98 0.00035483 3.99E-06 1.221 1.08
20 comp9 1.16 2.4 2.17 2.32 0.00030044 3.17E-06 1I1i 1.07
21 ompil 1 1.4 2.52 2 2.21 0.0003626 2.92E-06 1.26 1.11
22 comp13 1.66 2.72 2.02 2.33 0.00042994 2.95E-08 1.35 1.15
23 comp17 1.73 2.79 1.7 2.04 0.00044807 2.48E-06 1.64: 1.20
24 compl 9 1.53 2.52 1.87. 2.09 0.00039827 2.73E-06 1.35' 1.12
25 "comp2i 1.76 3.81 2.98 3.29 0.00045584 4.35E-06 1.28! 1.10
26 __1

27 expl 1.51 1.97 1.29 1.-80.00039109 1.B8E-068 1.53 1.30
28 exp3 1.28 2.37 1.95 2.18 0.00033152 2.85E-06 1.22 1.12
29 exp5- 0.98 2.16 1.85 1.97 0.00025382 2.70E-00 1.17 1.06
30 exp7 0.99 2.16 1.69 1.74 0.00025641 2.47E-06 1.28, 1.03
31 *xp9 0.92 1.78 1.52 1.63 0.00023828 2.22E-00 1.17 1.07
3i2 expi . .1.07 1.97 1.8 1.90.00027713 2.03E-06 1.09 1.06
33 *xpl3 .02 1.96 1.61 1.7 0.00026418 2.35E-06 1.22 1.06
34 expl5 0.83 2.25 _1.99 2.02 0.00021497 2.91E-08 1.13 1.02
35 exp17 1.78 1.89 1.57 1.75 0.00046102 2.29E-06 1.20 1.11
36 xp_ 9_ 1.01 1.78 1.5 1.62 0.00026159 2.19E-08 1.19 1.08
37 exp2l 1.17 1.88 1.59 1.82 0.00030303 2.32E-06 1.18 1.14
38
39 exh2 1.29 2.19 1.9 2.1 0.00033024 2.76E-06 1.15 1.11
40 *xh4 1.22 2.57 2.25 2.47 0.00031232 3.26E-00 1.14 1.10
41 exh6 1.58 2.82, 2.15 2.37 Q00040448 3.12E-06 1.31 1.10
42 exh8 1.15 2.32 2.02 2.17 0.0002944 2.93E-06 1.15 1.07
43 exhlO 1.06 2.2 1.98 2.12 0.00027138 287E-08 1.11 1.07
44 exh12 1.59 __2.67 1.81 2.06 0.00040704 2.62E-05 1.48 1.14
45 *xh14 1.3 2.5 2.18 2.4 0.0003328 3.16E-06 1.15. 1.10
46 exhlO 1.27 2.2 1.89 2.1 0.00032512 2.74E-06 1.16i 1.11
47 exhli 1.59 2.72 2.02 2.48 0.00040704 2.93E-08 1.35 1.23
48 exh20 1.1 2.22 2.03 2.07 0.00G2818 2.94E-06 1.09 1.02

49 9xh22 1.28 2.71 2.22 2.5 0.00032768 3.22E-08 1.22 1.13
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A I D 1 , 0 ! hi
I SMPS30.X ___

2 troke b ticks hl ticks ho ticks h2 ticks b (m) ho (m) !isml gan2
4 int2 0.78 , 1.7 1.5 1.57 0.00020202 2.19E-06 1.13' 1.05
5 tnt4 - r 1. 9 3  1.74 1.83 0.0002331 2.54E-06! 1.11 1.05
6 Into 0.98 1.72 1.48 1.58 0.00025382 2.16E-06 1.18 1.05
7 Int8 0.89 1.89 1.52 1.64 0.00023051 2.22E-06'1 1.08
8 IntlO 0.87 1.95 1.86 1.92 0.00022533 2,72E-06[ 1.05' 1.03
S Intl2 0.99 1.78 1.51 1.6 0.00025641 2.20E-06' 1.I A 1.06
Ia-] in-tl4 0.96 1.86a- 1.67 1.79 0.00024864 2.44E-061 11.111 1.07
11 intiS 0.96 2.33 2.16 2.2 0.00024604 3.15E-06 1.08, 1.02
12 intl 8 0.96 1.6 9 1.52 1.61 0.00024864 2.22E-06 1.11 1.08
1 1 Int20 0.98 1.52 1.41 1.46 0.00025382 2.06E-06 1.0 i 1.04
14 1nt22 1.04, 1.82 1.67 1.71 0.00026936 2.44E-06 1.0] 1.02

16 comp1 1.22 1.23 0.86 1.06 0.00031598 1.26E-0, i.43 1.28
17 comp3 1.06 1 0.85 0.87 0.00027454 1.24E-06' 1.181 1.02
16 0€omps 1.13i 1.15 0.93 1.08 0.000292,7 1. -06- 12i1.16

19 com_ 1.31j 1.43 1.17 1.35 0.00033929 1.71E-06! 1,22! 1.15
20 cornp9 1.29 1.1 0.82 1.02 u.00033 4 11 1.20E-06i 1.341 1.24
21 cornp1_ 1.07 1.29 1.06 1.17 0.00027713 1.5E-06i 1.22! 1.10
22 com 3_ 1.08 1.27 1.01 1.17 0.00027972 1.47-081 1.26 1.16

23 comp 15 1.23 1.34 0.95 1.06 0.00031857 1.39E-061 1.41, 1.12
24 cor p17 1.21' 1.48 1.16 1.28 0.00031339 1.69E-0i 1.28; 1.10
25 compl9 1.23: 1.48 1.26 1.42 0.00031857 1.84E-06 1.17 1.13
26 comrp2i 1.25 1.29 1.03 1.2 0.00032375 1.SO-06 1.25' 1. 7
27 - - .. ..
26 oxpl 0.96 1.24 11.06 1.19 0.00024864 1.55E-06 1.171 1.12
29 .xp3 0.86 1.42 1.29 1.35 0.00022274 1.86E-08 1.10 i  i.05
S0 exp5 0.9 1.67 1.48 1.49 0.0002331 2.16E-06 1.13! 1.01
31 oxp7 0.81 1.35 1.12 1.13 0.00020979 1.64E-06 1.211 1.01
32 oxp9__ 0.95 1.05 1.39 1.53 0.00024605 2.03E-0C 1.$ 1.10
33 expl 0.91 1.37 1.3 1.35 0.00023569 1.90E-06' 1.05 1.04
34 oxp13 0.9 1.78 1.58 1.68 0.0002331 2.31E-06 1 M.i 1.08
" oxp15 0.87 1.29 1.12 1.17 0.00022533 1.64E-06 1.15' 1.04

36 exp17 0.91, 1.48 1.4 1.42 0.00023569 2.04E-06 1.06: 1.01
37 expl9 0.89 1,61 1.42 1.47 0.00023051 2.07E-06 1.13f 1.04
'- exp2l 0.91 1.31 1.2 1.22 0.00023569 1.75E-06 1.09 1.02
39 1
40 &xh2 1.23 1 0.62 0.88 0.00031488 8.99E.07! 1.611 1.42
41 *xh4 1.4 1.28 0.8 1.15 0.0003584 1.165-06' 1.60i 1.44
42 exh6 1.29 1.09 0.95 1.02 0.00033024 1.38E-08: 1.15! 1.07
43 oxh8 1.05 1.28 1.09 1.11 0.0002688 I.S1E-06 1.17j 1.02
44 *xhlO 1.28 1.28 1.14 1.26 0.00032768 1.1E!'1. jl1
48 *xh12 1.32 1.21 0.92 1.07 0.00033792 1.$3E-06t 1.321 1.16

46 exh14 1.31 1.38 0.81 1.03 0.00033538 1.17E-061 1.70, 1.27
47 *xh16 0.82 1.08 0.97 1.02 0.00020992 1.41E-06, I.1i,'T 05
48 oxhl8 1.19 1.41 1.16 1.27 0.00030464 1.8E-06. 1.22 1.09;
49 *xh20 1.27 1.34 1.0, 1.17 0.00032512 1.49E-0_ 1.30 1.14
50 *xh22 1.21 1.27 0.99 1.16 0.00030978 1.44E-00 1.28. 1.17
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A 1 9 c - D zrz F ____I __i____ K
I sBPMI5.x ____

3 stroke*b ticks hi ticks ho tlcks h2 tick b (m) ho (m) Igarml_ am' 2
4 Intl 1.95 8.34 3.71 5.22 5.05E-04 5.38E-06 1.71 1.41!
5nt3 1.6 5.71 4.69 5.28 4.14E-04 6.60E-061 1.22' 1.13

* IntS 1.85 7.61 5.01 6.11 4.79E-04 7.28E-06 1.52 1.22;
7tnt- 1.84 5.59 3.51- 4.49 4.77-04 5092.06 1.59 1 28
8 int9 1 1.94 7.09 4.15! 5.13 5.02E-04 6.020E-65 1.711 1.24
9 Intli 1.82 6.6 4.43, 5.94 4.71E-04 6.42E-08 1.49

10 nt i 2.08 6.38 4.12 i  6.24 5.39E-04 F 97E-06 1.55 1.51:
1 1 Inti5 2.39 7.43 3.97 6.92 S.192-04 .. '6E-00 1.87 1.74
12 Intl? 4 1.99 6.08 3.61 5.09 5.15E-04 5.23E-06 1.68 1.41;
13 intlg i.58 5.52 4.19, 4.8 4.09E-04 6.08E-08 1.32 1.171
14 Ilnt2l 1.7 6.53 4.06: 4.72 4.40E-04 5.89-06 1.81 1.16

1 omp2, 1.98 5.56 3.11 4.08 5.13E-04 4.50 1.79
17 comp4 ,  1.8 5.28 3.8 4.28 4.35E-04 5.51E-05 1.39, 1.13
18, comps 1 1.72 4.51 3.451 3.72 4.452-04 5.uuE-06 '= 1.31 1.01
10 compS 1.71 4.931 3.73i 4.4 4.43E-04 5.41E-06 1.321 1.18' i

20 complO 1.88 5.22 4.32 4.84 4.87E-04 6.26E-06. 1.21 1.12
21 comp2 1.81 4.8 3.5' 4.05 4.09E-04 5.08E-06 1.37; 1.16
22 compl4 1.98 .6 

3 .61 4.08 5.132-04 5.222-06 1.56; 1.13'
2 3 compl6 1.86 4.69 3.33, 3.8 4.822-04 4.83E-081 1.411' 1.14
24 cornp18 1.86 5.4 3.42 3.9 4.82E-04 4.96E-06 1.58 1.14
25 comp20 2.18 5.63 3.19 5.18 5.65E-04 4.63E-06 1.761 1.62
26 comp22 2.07 5.85 3.56 4.92 5.38E-04 5.18E-06. V.64' 1.38i
7 T 1 1 _

26 exp2 "-1.86 5.48 4.01 5.15 4.82E-04 5 e08 1.37 1.28'
20 *xpO 1.76 5.29 3.8 4.79 4.58E-04 5.51E-06. 1.39! 1.28'
S'o .xp4 4.34 3.31 3.81 3.78E-04 4.80E-06' 1.311 1.15
31 explO 1.32 4.3 3.77, 4.25 3.422-04 5.47E-061 1. _1.13
22 .xp12 -1.84 4.56 3.02 3.87 4.77E-04 4.38-06 1.51: 1.281
33 *ex14 1.83 5.61 4.03' 4.83 4.74E-04 5.84E-06' 1.39 1.20!
34 xp18 1.78 5.38 3.34' 4.13 4.61E-04 4.04E-06 1.61' 1.241
$S XP20 1.89 5.15 3.45 4.75 4.90E-04 5.00E-068 1.49 1.38

6 *xp2 6 1.79 4.46 3.44. 4.05 4.64E-04 4.99E.06, 1.30, 1.18,
37 -- -x ---- xv I
38 stroke !xl x28 v2 v3 lb (m) ho) pam- gm2
S9 eoxhi 16.02 16.28 16.48' 6.64 5.16 5.76 0.0005i 5E-08 i 1.29 1.12
40 " xh3 15.96 16.27 18.45' 7.38 4.97 5.34 0.0005' 52-06, 1.48 1.07
41 exh5 15.96 16.3 16.51 I 8.74 5.06 7.42i 0.0006i 6E-06 1.47 1.24
42 ,xh7 16.04 16.34 i537.24 5.27 5.90.05 S-26 1.37 1.12
42 exh9 ' 15.9 16.28 16.46 8.98 5.4 6.04, 0.0006 52-06: 1.a 8 1.12
44 exhll 15.88 16.18 16.4 7.94 5.02 5.64 0.00051 52-06 1.58 1.16
41 exh13 15.81 16.18 16.37 7.81 4.28 8.38 0.0006'. 4E-06 1.82 1.49
46 exh15 1 15.74 16.1 16.3 7.73 4.26 6.25 0.0008! 4E-061 1.81 1.47
47 l*xh17 15.74 16.09 16.25 8.04 5.5 6.7 0.0005, 6E-06 1.46 1.22
48 xh19g 15.92 16.31 16.5 8.52 4.77 7.081 0.0006: 5E-01 1.79 1.48
40 9xh21 15.76 16.23 16.42' 10.55 5.08 7.60 0.00071 SE-O6 2.08 1.51
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IC D a F a I J_ K

1 SBPM3..X __ _ _ _ _ _

3 sItroke b ticks hl ticks ho ticki h2 tick b (m) ho (m) 9 a m1 pam2 -

4 int2 1.05 2.82 -- 2.08 2.21 0.00027195 3.02E-06 1.36 i  1.01
5 1nt4 1.58 2.42 1.52 2.28 0.00040922 2.20E-06 1.59; 1.50-
6 Int$ 1.27 2.79 2.08 2.27 0.00032893 3.02E-06 1.34 1.09
7 intS 1.37 2.31 1.53 1.89 0.00035483 2.22E-06 1
* IntlO 1.4 1.85 1.07 1.4 0.0003626 1.55E-06 1.73, 1.311

9 Intl 2 1.72 2.83 1.37 2.15 0.00044548 1.99E-06 1.92' 1.57:
10 intl4 1.62 1.88 1.37 1.79 0.00041958 1.99E-06 1.37, 1.31
11 IntlO 1.29 1.73 1.43 1.59 0.00033411 2.07E-0 2 1
12 Int19 0.98 2.03 1.76 1.82 0.00025382 2.55E-06 1.151 1.03i

13 Int2O 1.03 1.79 1.5 1.53 0.00026677 2.1SE-06 1.19 1.
14 Int22 1.02 1.94 1.38 1.63 0.00026418 2.OOE-06 1.4i1 1.16

16 comp! 1.71 2.92 1.84 2.13 0.00044289 2.67E-06 1.59 1.16:
17 com piS 1.27 2.05 1.68 1.76 0.00032893 2.44E-00 1.22 1.05
1-1 coMP5 1.63 2.22 1.21 1.49 0.00042217 1.75E-06 1.83, 1.23
19 comp7 1.42 1.95 1.4 1.73 0.00036778 2.03E-06 1.39 1.24
20 comp 1.78 2.98 2.21 2.58 0.00046102 3.20E-08 1.351 1.17:
21 omp11 1.48 2.34 1.72 2.1 0.00038332 2.49E-06 1.38, 1.22
22 c ompI3 1.76 2.7 1.81 2.22 0.00045584 2.62E-06 1.49_ 1.2

2" comp15 1.07 2.13 1.83 1.98 0.00027713 2.65E-06 1. 16 1.08,
24 compi7 1.79 2.27 1.18 1.86 0.00046361 1.73E-06 1! 1.56-
25 comp19 1.67 2.43 1.61 1.95 0.00043253 2.33E-06 1.5 1 1.21:
26 comp2l 1.4 2.19 1.57 1.96 0.0003826 2.28E-D6 1.39: 1.25
27 __

28 expl 1.24 1.76 1.41 1.66 0.00032116 2.04E-06 1.25, 1.18
20 exp3 1.37 1.87 1.39 1.68 0.00035483 2.02E-06 1.35 1.21'
30 exp5 0.96 1.28 0.82 0.96 0.00024864 1.19E-06 1.56, 1.17!
31 exp7 1.07 2.09 1.32 1.55 0.00027713 1.91E-06 1.58 1.17__
22 exp __ 1.31 1.48 1.08 1.29 0.00033929 1.54E-06 1.40 1.22.
8 expl1 1.28 1.73 1.22 1.430.00033152 1.77E-06 1.42! 1.171

34 expl3 1.07 1.81 1.43 1.5 0.00027713 2.07E-06 1.27 1.05
" OxpIS 1.02 1.97 1.53 1.67 0.00026418 2.22E-00 1.29! 1.09

36 exp17 1.16 1.31 0.91 1.11 0.00030044 1.32E-06 1.44 1.22
27 exp19 1.26 1.21 0.71 0.97 0.000326347 1.03E-08 1.37
88 exp21 1.08 1.68 1.11 1.33 0.00027454 1.61E-06 1.51; 1.20'
39 ___
40 stroke xl x2 x3 y ,y2 y3 b(m) lho (m) lgami gam2
41 *xh2 15.87 16.14 16.32 2.53 1.3 1.7 SE-04 iE-06! 1.95 1.31

] 42 oxh4 15.8 16.04 16.21 1.91 1.06 1.29 4E-04 ! IE-06 1.60 1.22
4-xh6 15.87 16.09 16.27 2.31 1.5 1.91 4E-04, 2E-06 1.54 1.27
44 *xh8 15.99 16.19 16.37 2.41 1.62 1.8 4E-041 2E-06! 1.49 1.11
45 exhl2 15.98 16.2 16.36 2.9 1.89 2.08 4E-04 2E-01.11
46 exhl4 16.06 16.27 16.46 3.41 2.42 2.95 4E-04 2E-061 1.41 1.22
47 xhlO 15.89 18.15 18.36 _ 2.9 1.62 2.19 E-041 2E- i.79 1.35
48 exhI 15.71 18.01 16.21 3.7 2.08 2.82 5E-04 2 E-O, 1.78 1.36
40 exh22 15.69 15.93 16.15 3.17 1.98 2.36 5E-041 2E-06 1.60 1.19
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1 WBP15.X

3 stroke b-ticks hlii tick etcs2_ticks b (M) -ho (m) pgaml pm
4 Int2 1.23 2.23 1.1i 1.38 0.00031857 1.71E-06, 1.891 1.17

S nt4 1.9 2.83 0.97 1.92 0.0004921 1.411E-o6 2.92 1.98
* intS 1.58 2.02 1.19 1.89 0.00040922, 1.73E-06 1.70 1.59
7 Int6l6 1.7 1.8 -1.01. 1.66 _0.0004403__1.46E.96__1.8 I":
4 intl2 1.52 2.07 1.18 1.88 0.00039368 1.71E-06 1.75, 1.59

* ntiS 1 26 2 1.42 1.68 0.00032634 2.06E-06 1.41, 1.18
109IntlS i.29 1.93 1.39 1.65 0.00033411i 2.02E-06! 1.39! 1.19,
I1I Int2O 1 1.69 2.58 _1.32 1.98 0.0004371 __1E06 1.95~ 1.50
12 1n-iit22 .68' 1.97 0.94 __1.6 0.00043512: 1.36E-06 2.10, 1.70'

14 compt 1.71, 2.06 1.19 1.77 0.00044289 1.73E-00 1.73i 1.49"
1- corn 3 i1.65: 2.08 -1.3 1.82 0.00042735. 1.69E-06' 1.60, 1.40:
16 eomp5 2.03 2.98 1.52 1.82 0.0000052577. 2.20Et-006 1.961 1.20

17 comp7 1.48 2.3 1.59 1.87 0.00038332 2.31E-06 1.45 1.18
Is comoll 2 3.88 1.82 2.62 0.000518i 2.64E-06 2.13 1.4 4

Ig cq7pl 1 2.35 4.95 1.8 2.7. 0.00060865. 2.612-06 2.75 1.50 ____

2 0 lcompl 3 2.06 4.69 2.05 2.48 0.00053354 2.97E-06' 2.29 1.21
21 compl 5 1.86_ 2.21 _1.05 1.78 0.0004174 15-0. 210 1.70
22 Compl 7 1.36 2.08 1.47 1.65 0.00035224 2.13E-06 1.41- 1.12
21 comp19 1.5 2.08 -1 .4 W 1.79 0.000407404 2.04E-061 1.48 1.27
24 cornp2l, 1.39 2.16_ 1.48__ 1.85 0.00036001 2120 .6 12

26,expl_ 1.41_2.08 1.21 1.76 0.00036519 1.75E-06: 1.72 1.45
27 .xpl 1.17 2.17 _1.28 15 .0330 OEO .702 -i-
-28 *exps 1.32 1. 1. .90.0318.7EO1 1.24'-
20 * xp? 1.24 __1.52 1.04 1.271 0.00032116 1.51 E-06 1.46: 1.22
80 *XP6 1.6- 1.6 .98 1.68 0-.0042217 1.42- .00, i1

o11 1P' 1.42 1.7 1.03 1.58 0.000387M8 1.49E-08 1.65, 1.53
22.xpl3 _1.21 2.15 1.19 1.42 0.00031339' 1.73E-06; 1.81 1.19
3) OXP15 1.69 1.7 0.88 1.49 0.00043771 1.28E-0S 1.93 1 169
34 expl7 1.42 2. 1.22 1.51 0.00036778 1.77E2-06 1.64 1.24 -
35 expl9- i .42 2.08 1.03 1.41 0.00036778 1.49E.06 2.02 1.37
,a6 exp2i ___1.4 __1.42 _0.89 1__I.37 0.0003626 1i-.29E.0 -6-- 1.60 1 .54_

38 stroke xl x x1i ' b (mn) ho (mn) iaml 2&m2

39 exh2g 15.75 16.07 16.22 2.04 0.8: 1.3 0.0005 8E-07 2.55 1.63
440 .xh4 15.7 15.92 16.12 2.59 1.55! 2.22 0.0004 2E-06 1.67: 1.43

_41490h6 15.71 16 16.18 3.24 1.2, 1.62 0.0005, 12E-06 2.70 1.35
4 2 *xh8 MO15.6 15.98 16.16 3.33 0.81 1.23! 0.0005 827-074.111 1.52
483 *xhlO, 15.7: 16.02 16.22 2.39 0.94' 1.4. 0.0005: 9E-07 2.54 11.49?
44 *xhl2 15.68' 16.01 16.2 4.03 1.38 2.01. 0.00 i1E-06, 2.92; 1.46
45 *xhI4 :15.71 16.04 16.2. 2.99. 1.27, 1.65 0.0005 I1E-OS 2.35! 1.30
46 exhiS 1.4 16.09 16.27 2.32 __-1.4 2.32 0.0004' 1E-06; 1.66 1.66
47 exhl8 15.71' 15.9 18.09 2.15 _ 1.5. 1.87 0.0-004'- 2-& 1.43._1.25
4800x2O-'15.79-16.09 16.24 -2.17- -1.37 1.83 0.0005 IE-OS' 1.58 1.34
49 *xh22 ;15.74 16.02 16.21 2.8 1.56 1.76 0.0005, 2E-06 1.79 1.14
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A I C D 6 F! a I J K
1 SBPS30.X

$ stroke b ticks hl tick ho ticks h2 tickab (m) ho (m) pami gam2
4 int3 1.34 1.7 1.22 1.58 0.00034706 1.77E-00 1.39 1.30 i
5 int5 1.29 2.38 1.46 1.75! 0.00033411 2.12E.06 1.63 1.20 _

* Int7 1.04 1.9 1.02 1.381 0.00026936 1.4E-06 1.86 1.35 _

7 IntO 1.35 1.7 1.08 1.45 i 0.00034965 1.57E.06 1.57 1.34
* int13 1.18 1.42 1.05 1.24 0.00030562 1.52E-06 1.35 1.18
9 Int15 1.18 1.3 0.91 1.16 0.00030562 1.32E-06 1.43 1.27

1 0 Intl 7 1.38 i.e 1,18 1.46 0.00035742 1 .71E-06 1.36 1.25

12 comp2 1.34 1.37 0.93 1.18! 0.00034706 1.35E-06 1.47 1.27
13 comp4 1.78 1.63 0.98 1.42! 0.00046102 1.42E-06 1.87 1.45
14 compS 1.21 1.02 0.73 0.97 i 0.00031339 1.06IE-06 1.40 1.33
15 comps 1.61 1.7 1.06 1.41 0.00041699 1.54E-06 1.60 1.32
16 compl 1.82 1.58 0.74 1.23! 0.00047138 1.07E-06 2.14 1.66 
17 compl12 1.08 1.36 0.65 1.07 0.00043512 9.43E-07 2.09 1.65 _

16 comp14 1.7 1.52 0.88 1.14! 0.0004403 1.28E-06 1.73 1.30 _

1 9_mpl 1.69 2 0.9 1.4J 0.00043771 1.31E-06 2.22 1.56
20 complS 1.42 1.52 1.2 1.5, 0.00036778 1.74E-06 1.27 1.25 i
21 com p2O 1.73 1.7 1.06 1,39' 0.00044807 1.54E-06 1.60 1.31 -

22 comp22 1.41 1.47 1.06 1.19 i 0.00036519 1.54E-06 1.39 1.12 i
2$
24 exp2 1.2 1.4 1.15 1.28 0.0003108 1.67E-06 1.22 1.11
25 exp4 1.38 1.2 0.71 0.99! 0.00035742 1.03E-06 1.60 1.39
26 exp6 1.16 1.49 1.04 1.191 0.00030044 1.51E-06 1.43 1.14 _

27 exp8 1.37 1.28 0.8 1 ; 0.00035483 1.16E-06 1.00 1.25 _

28 ,xplO 1.21 1.98 1.6 1.76 0.00031339 2.32E-06 1.24 1.10 i
29 exl12 1.71, 1.52 0.8 1.43 0.00044289 1.16E-06 1.90 1.79
30 *xp14 1.89 1.5 0.57 1.39' 0.00043771 8.27E-07 2.63 2.44

1 .xp16 1.69 1.43 0.7 1.4; 0.00043771 1.02E-06 2.04 2.00 i2
32 exp18 1.32 1.32 0.73 1.091 0.00034188 1.06E-06 1.81 1.49 _

22 *xp20 1.32 1.6 1.3 1.45 0.00034188 1.89E-06 1.23 1.12 i
24 *xp22 1.26 1.27 0.7 1.05 0.00032634 1.02E-06 1.81 1.50 !

36 stroke xl x2 x3 yl 2 y3 -b (m) ho(m)
27 exh 15.69 15.99 16.13 2.01! 1.04 1.64 0.00044 1.04E-06 1.93, 1.58
38 .xh3 15.85 15.98 16.18 1.42, 0.85 1.31 0.00033 8.5E-07 1.67, 1.54
39 exhS 15.65 15.92 16.08 1.95 i  1.06 1.46 0.00043 l.OSE-06 1.84. 1.38
40 *xh7 15.61 15.87 16.04 2.43, 1.12 1.34 0.00043 1.12E-06 2.17j 1.20
41 exh9 15.49 15.72 15.87 2.92 1.75 1.9 0.00038 1.75E-06 1.671 1.09

1.86 1.35 0.00044 0.000001 1.6 1.35
42 exh13 15.71 15.97 16.15 2.02 0.8 1.52 0.00044 8E-07 2.53 i 1.90
44 exh15 15.72 15.97 16.15 2.171 1.17 1.41 0.00043 1.17E-06 1.85 1.21
45 9xh17 15.6 15.80 16.05 2.271 1.24 1.54 0.00045 1.24E-06 1.83 1.24
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A 8 C D E I  F 0 K
1 SMCM10F

3 stroke xl x2 x3 yl y2 y3 *b (m) ho (m) gaml Cam2
4 Intl __-15.04 -14.88 -14.69 2.08 1.42 2.05. 0.00035 0.00000142 1.46 1.44
$ Int3 -15.18 -14.94 -14.73 3.13 2.14 3.26 0.00045 0.00000214 1.46 1.52
6 Int5 -15.14 -14.92 -14.76 2.82 1.98 2.71' 0.00038 0.00000198 1.42, 1.37
7 Int7 -15.19 -15.02 -14.86 2.65 2.25 2.41 0.00033 0.00000225 1.18 1.07
8 Int9 -15.18 -14.99 -14.72 3.18 1.93 3.14 0.00046 0.00000193 1.65 1.63
8 Intl1 -15.13 -14.92 -14.84 2.98 2.28 2.42 0.00029 0.00000228 1.31: i.610 Intl3 -15.11 -14.89 -14.7 2.52 1.922.4' 0.00035 0.00000192 111.25

11 Intl5 -15.11 -14.94, -14.74 2.44 1.51 2.34' 0.00037 0.00000151 1.62 "1.5
12"- 1" - _ -_
13 comp2 16.71 16.95i 17.14 2.84, 1.93, 2.38 0.00043 0.00000193 1.47, 1.23
14 comp4 16.68 16.89: 17.07 2.13. 1.38 2.06 0.00039 0.00000136 1.57 1.51
15 compe 16.64 16,869 17.06 2.44 1.53 2.08! 0.00042 0.00000153 .59-- 1.36s
16 comp8_ 18.68 16.91 17.09 2.47, 1.58 2.12 0.00041 0.00000158 1.56' 1.34
17 compl0 16.7 16.99 17.17 3.19 1.84, 2.63 0.00047 0.00000184 1.731-1.43
18 compl2 16.58 16.97 17.13 5.01, 1.91: 3.16 0.00055 0.00000191 2.621 1.65
19 coml4 185 16.91 17.09 2.43 1.48 1.75! 0.00044 0.00000146 1.66' 1.2020 __ _ _ _ _. .....__ __ _ __ _ __ _ __ _ __ _ __ _

21 pwr2 -15.23, -15.07 -..14.81 1.15 0.99 2.22 0.00042 0.00000099 1.16 2.24
22 pwr4 -15.3 -15.12 -14.94 1.61 1.03 1.6. 0.00036 0.00000103 1.56 1.55
23 pwr5 -15.33 -15.16 -15 1.6 0.93 1.34 0.00033 0.00000093 1.72 1.44
24 pwr8 -15.29 -15.12 -14.95 1.06 0.56 1.17i 0.00034 0.00000056 1.80 2.09
25 pwrlO -15.3 -15.11 -14.95 1.4 0.88 1.43 0.00035 0.00000088 1.59 1.63
26 pwri2 -15.26 -15.07 -14.91: 1.35 1 1.38 0.00035 0.000001 1.35 1.38
27 pwr14 -15.3 -15.1 -14.95 1.59 1.28 1.61 0.00035 0.000-0128 1.24--1.26

29 exhl 16.73 16.94 __17.06 1.6 1.35 1.42 0.00033 0.00000135 1.19 1.05
30 oxh3 16.74 16.98 17.1 2.06 1.4 1.81 0.00036 -6(0.00-00014 1.47, 1.29
31 oxh5 16.67 16.93 17.1 2.66 1.47 1.96 0.00043 0.00000147 1.81 1.33
32 exh7 16.79 17.02 17.15 2.13 1.38 1.94 0.00036 0.00000138 1.54 1.41
33 oxhg 16.7 17.01 17.14 2.78 1.7 2.13 0.00044 0.0000017 1.64 1.25
34 exh1l 16.77 16.94 17.11 1.78 1.48 1.77 0.00034 0.00000148 1.20 1.20
35 exhiS3 16.78 16.98 17.14 2.2 1.68 2.8- 0.0Co 0.0b00i8 1.31 1.3o
36 lexhiS 16.77 16.95 17.12 1.97 1.8 2.01 0.00035 0.0000018 1.23 1.26
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A I s c D I " F  a H I J K

3 stroke xl :x2 x3 yl y2 y3 m) I ho (m) agni igam2
4 Intl i -14.78 -14.62 -14.51 2.25 1.78 1.91 0.00027 0.00000178 1.28 1.09
5 Int3 I-14.79 -14.58 .14.34 2.85 1.3 2.81 0.00045 0.00000193 1.48 1.46
6 Int5 -14.83 -14.63 -14.47 2.58 1.74 2.04 0.00030 0.000001741 1.48 1.17
7 int7 -14.76 -14.58 -14.34 2.98 1.88 2.73 0.00044 0.00000188 1.59, 1.45
8 Int9 -14.76 -14.58 -14.37 2.12 1.58 2.16 0.00039 0.0000015F 1.341 1.37
9 IntlI -14.69 -14.5 -14.35 2.64' 2.23 2.61 0.00034 0.00000223 1.18 1.17

10 Unt13 -14.68 -14.48 -14.4 2.4 i  2.1 2.28 0.00028 0.00000211 1.17 1.09
11 Int15 -14.77, -14.6 -14.48' 286 2.29 2.41 0.00029 0.00000229 1.251 1.05

1 2 ___ __ __ _ I_ _,__ _I___ __ __ _I

13 =omp2 15.3 15.47 15.64 1.21 0.8 0.93 0.00034 0.0000008 1.51 ' 1.16
14 eonrp4 1 15.33 15.51 15.69, 1.06, 0.51 1.06 0.00036 0.000000511 2.08 2.08
15 compe 1 15.36 15.54 15.71, 1.571 1.14 1.54 0.00035 0.000001141 1.38. 1.35
16 comps 15.18 15.45 15.5 2.01 0.7 1.3 0.00047 0.0000007I 2.7 1.88
17 omplO, 15.18 15.45 15.63 2.01 0.88 1.31 0.00045 0.00000088 2.281 1.49
11 comp12 15.31 15.56 15.74: 1.7: 0.68 1.33 0.00044 0.00000068 2.50 1.96
19 comp14jL 15.39 15.56 15.751 1.24 0.67 1.11 0.00036 0.00000057 1.85 1.08

21 pwr2 -15.15 -14.99 -14.82 0.68 0.52 0.83 0.00033 0.00000052, 1.31 1.60
22 pwr4 -15.34 -15.17 -15.04 1.43 1.05 1.23 0.0003 0.00000105, 1.38 1.17
23 Dwr6 -15.27 -15.09 -15 1.511 1.15 1.31 0.00027 0.00000115, 1.31 1.14
24 pwr8 -15.05 -14.87 -14.73 0.88 0.58 0.79 0.00032 0.00000058' 1.52 1.36
25 pwrlO -15.28 -15.1 -15.01 1.58 1.13 1.14 0.00027 0.000001131 1.40 1.01
26 pwrl2 . -15.18 -15.03 -14.94 1.06 0.85 0.88 0.00024 0.00000085 1.25 1.04
27 pwr14 -15.22 -15.05 -14.89 1.07 0.65 0.87 0.00033 0.00000085 1.65 1.34
281
29 exhl 15.35 15.5 15.68 1.38 0.81 1.35 0.00033 0.00000081 1.70 1.67

0 .xh3 15.33 15.5 15.69 1.66 1.08 1.69 0.00036 0.00000108 1.54 1.56
31 xh5 15.37 15.57 15.75 1.95' 1.38 1.49 0.00038 0.00000138 1.41' i 1.08
02 exh7 15.35 15.51 15.66 1.89 1.36 1.59 0.00031 0.00000136 1.39 1.17
33 exh9 15.26 15.43 15.59 1.37 0.96 1.16 0.00033 0.00000096 1.43 1.21
34 exh11 15.3 15.45 15.63 2.05. 1.52 1.69 0.00033 0.00000152 1.35 1.11
35 exh13 15.'2 15.59 15.76 2.15 0.81 1.25 0.00044 0.00000081 2.65 1.54

exhi5 15 1_ 15.49 15.67 1.47 1.11 1.43 0.00036 0.00000111 1.32 1.29
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A C D I E F a i K
I SMHS201
2 _
3 stroke xl x2 x3 iyl y2 y3 b (m) ho (m) gami gam2
4. intl ____ -16.75 -16.58_ -16.43 0.98 0.7 0.96 0.00032 0.0000007 1.40 1.37
S int3 -18.73 -16.57 -16.47 1.14 0.82 1 0.00026 0.00000082 1.39 1.22
6 int5 -16.67 -16.48 -16.35-- 0.77 0.62- 1.01 0.00032 0.00000062 .1.24 1.63
7 lnt7 -16.73 -1.54 -16.45 1.15 0.65 0.69 0,00026 0.00000085 1.35 1.05
8 Int9 -16.66 -16.51 -16.35 0.98 0.78 1.06 0.00031 0.00000078 1.23 1.38
. Intl1 -18.82 -16.06 -18.54 0.74 0.38 0.56 0.00028 0.00000038 1.95 1.47

10 IntI3 -1.78 -16.62 -16.55 0.7 0.59 0.68 0.00023 0.00000059 1.19 1.15
11 Inti5 i -16.23: -16.02 .15.89 0.75 0.5 0.8 0.00034 0.0000005 1.50 1.60
l' lnt17 -16.32 -16.16' -16.07, 0.92 0.78 0.82 0.00025 0.00000076 1.21 1.06
13 Intl9 -16.72 -16.55 -16.47 1.13: 0.9 1.03 0.00025 0.0000009 1.26 1.14
14 Int2l .16.4 -16.22 -16.14 0.89 0.6 0.61 0.00026 0.0000006 1.46 1.02
1 1nt23 -16.3 -16.1, -15.96 0.71 0.52 0.71 0.00034 0.00000052 1.37 1.37
16 int25 -16.84 -16.7, .16.58 1.17 .82 1.02 0.00026 0.00000082 1.43 1.24

17 1nt27 '-10.55 -16.37' -16.21- 0.79. 0.49 0.60 0.00034 0.00000049 1.01 1.35

19 comp2 [ 15.01 15.15 15.34 1.01 0.73 0.02 0.00033 0.00000073 1.38 1.20
2,0 comp4 15.05 15.22 15.37 1 0.77 0.97 0.00032 0.00000077 1.30 1.26
21 compO 14.97 15.16 15.3 1.16 0.83 1.07 0.00033 0.00000083 1.40 1.29
22 compS , 14.92 15.13 15.28 1.42 1.07 1.44 0.00036 0.00000107 1.33 1.35
23 complO 14.75 14.93 15.08 1.19 0.86 1 0.00033 0.00000086 1.38 1.10
24 compl2 14.93 15.11 15.28 1.33 0.99 1.28 0.00035 o__.00000099 _ 1.34 1.29
25 compl4 15.07 15.23 15.37 1.29 0.95 1.06 0.0003 0.00000095 1.36 1.12
26 complfi 15.05 15.14 15.3 0.65 0.56 0.7 0.00025 0.00000056 1.16 1.25
27 comp18 15.02 15.14 15.31 1.1 0.9 1.05 0.00029 0.0000009 1.22 1.17
28 comp20 14.88 15.06 15.21 1.33 1.08 1.31 0.00033 0.00000108 1.23 1.21
29 comp22 15.04 15.18 15.33 1.38 1.09 1.18 0.00029 0.00000109 1.27 1.08
30 Comp24 15.1 15.23 15.38 1.16 0.9 0.97 0.00028 0.0000009 1.29 1.08
31 comp26 14.97 15.13 15.3 1.26 1.12 1.12 0.00033 0.00000112 1.13 1.00
32 comp28 14.94 15.13 15.28 0.96 0.69 0.8 0.00034-0.000000690 1.39 1.16
33
84 pwr2 -15.23 -15.09 -15 0.64 0.4 0.44 0.00023 0.0000004 1.60 1.10

_!S wr4 -15.47 -15.31 -15.22 0.83 0,72 0.77 0.00025 0.00000072 1.15 1.07
36 pwrO -15.39 -15.22 -15.15 0.6 0.45 0.46 0.00024 0.00000045 1.33 1.02
37 - wr8 -15.44 -15.31 -15.22 0.68 0,56 0.6 0.00022 0.00000056 1.21 1.18
8 wriO -15.29 -15.15 -15.05 0.9 0.6 0.76 0.00024 0.0000006 1.50 1.30
39 pwr12 ' -15.07 -14.89 -14.811 0.76 0.51 0.61 0.00028 0.00000051 1.49 1.20
40 wr14 -15.41 -15.22 -15.11 0.67 0.57 0.71 0.0003 0.00000057 1.18 1.25
41 pwri6 1 -15.53 -15.36 -15.28 0.35 0.16 0.22 0.00025 0.00000016 2.19 1.38
42 pwri -16.13 -15.97 -15.88 0.7- 0.4 0.48 0.00025 0.00,046 -1.52 1.04
43 owr20 -15.34 -15.18 -15.02 0.66 0.54 0.79 0.00032 0.00000054 1.22 1.46
44 pwr22 -15.33 -15.19 -15.1 0.67 0.59 0.82 0.00023 0.00000059 1.14 1.05
45 owr24 ; -15.35 .15.21 -15.04 0.58 0.46 0.8 0.00031 0.00000046 1.26 1.74
46 pwr26 -15.49i -15.34 -15.24 0.74 0.58 0.6 0.00025 0.00000058 1.28 1.03
47 pwr28 -15.5 -15.34 -15.19 0.68 0.51 0.67 0.00031 0.00000051 1.33 1.31
481

49 exhl 14.3 15.05 15.17 0.89 0.85 0.88 0.00024 0.00000085 1.05 1.04
50 *xh3 14,52 14.67 14.83 1.41 0.97 1.2 0.00031 0.00000097 1.45 1.24
51 xh5 14.69 14.87 15 1.34' 1.1 1.2 0.00031 0.0000011 1.22 1.09
62 exh7 14.61; 14.76, 14.93 0.99 0.64 0.76 0.00032 0.00000064 1.55 1.19
SS *xh9 14.78, 14.93 15.1: 1.22! 0.88 1.11 0.00032 0.00000081 1.39 1.26
64 exh1 i 14.771 14.94 15.1 1.01 0.7 1 0.00033 0.0000007 1.44 1.43
5S ,*xhI3 14.52, 14.71: 14.85 1.23: 0.81 0.68 0.00033 0.00000081 1.52 1.09
56 exh15 14.9 15.01i 15.16 0.48 0.36 0.56 0.00026 0.00000036 1.33 1.56
5 717 14.78i 14.96 15.12! 0.91 0.84 0.84 0.00034 0.00000064 1.42 1.31
S6 oxh19 1 14.82 15.02, 15.16. 1.62 1.13 1.49 0.00034 0.00000113 1.43 1.32
59 exh2l 14.81- 14.96 15.12 1.24, 0.99 1.12 0.00031 0.00000099 1.25 1.13
60 exh23 ,14.78, 14.89i  15.01 0.99 0.93 0.94 0.00023 0.00000093 1.06 1.01
6 1 oxh25 14.77 14.92 15.09 1.41 1.25 1.41 0.00032 0.00000125 1.13 1.13
62 exh27 14.87 15.01 15.17 1.12 0.81 1.06 0.0003 0.00000081 1.38 1.33
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A a I c D a F 1 0 H I J K
1 SMHS25H ___..

$ stroke xl ;x2 x3 yl y2 !y3 !b (m) ho ) gml 2am2
4 Intl -15.51 -15.35 -15.26 1.41 1.12 1.171 0.00025 0.00000112 1.26 1.04
5 Int3 -15.19 .15.08 -14.90 0.97 0.79 0.83; 0.00023 0.000006-g-l.23 1.05
* ints .14.69. -14.55: -14.46 1.16 1.02 1.05 0.00023 0.00000102 1.14 1.03
7 Int7 .14.94 .14.62: -14.72 0.97 0.76 0.88 0.00022 0.00000076' 1.28 1.16
8 Int9 -15.04: -14.87 -14.79 1.27 1.01: 1.09. 0.00025 0.00000101: 1.20 1.08
* Int 1 -14.9! -14.73 -14.63 1.42 1.17i 1.28 0.00027 0.00000117i 1.21 1.09
10 intl3 -14.93 -14.8 .14.72 0.08 0.6 0.721 0.00021 0.0000006 1.13 1.20

11 Int15 .14.8. -14.09 -14.58 0.91 0.83 0.09: 0.00022 0.0000003; 1.44 1.10
12 Intl7 -15.14 -15, -14.89 1.38 1.16 1.31 0.00025 0.000001161 1.19 1.13
12 Intl8 -15.27: -15.08! -15.01 1.29 1.08 1.151 0.00026 0.00000108' 1.19 1.06
14 Int2l -15.17; -15 -14.9 1.24 0.99, 1.17 0.00027 0.00000099i 1.25 1.18
15 Int23 -15.13 -14.961 -14.86 1.19 1.01 1.11 0.00027 0.00000101' 1.16 1.10
16 Int2S .15.03. -14.891 -14.79 1.1 0.91 1.05 0.00024 0.00000091 1.21 1.15
17 I-nt2-7- -15.18, -13.04! -14.94 1.41 1.23, 1.331 0.00024 0.000001231 1.15 1.08

19 Comp2 14.51 14.68 14.84 1.22 0.83 1021 0.00033 0.00000083, 1.47 1.23
20 comp4 14.04 14.2 14.36 1.57 1.43 .5- 0.00032 0.00000143 1.10 1.07
21 comp_ 14.84 14.93 15.07 1.17 1.01; 1.131 0.00023 0.00000101, 1.16 1.12
22 comFp8 14.85 15.02 15.16 1.72 1.39 1.43 0.00031 0.00000139 1.24 1.03
2 3ornplO'  14.87 15.04, 15.17 1.25 0.94 1.03 i  0.0003 0.00000094 i 1.33 1.10
24 _onpI2 14.8 15.05, 15.21 1.51 1.09' 1.41 0.00033 0.00000109 1.39 1.29
26 Jcompl4 14.86 15.04 15.2 0.87 0.54: 0.621 0.00034 0.0000054 1.61 1.52

26 compl0 14.83 14.94 15.08 1.03 0.86 1.08 0.00025 0.00000086. 1.20' 1.26
27 oomp18 14.94' 15.12 15.26 1.21 0.92 1.14' 0.00032 0.000000921 1.32 1.24
26 cornp20 14.85 15.01 151 1.31 0.97 1.06' 0.00025 0.00000097 1.35 1.00
20 comp22 14.86 15.03 15.17 1.72 1.45 1.68. 0.00031 0.00000145! 1.19 1.18
30 eomp24 148" 14.95 15.09 0.92 0.69 0.811 0.00029)

1 0--.00-600069 1.3 -1.17
$1 comp2e__ 14.75 14.85 14.98 1.05 0.9' 0.90' 0.00023 0.0000009 1.17 1.07

32 comp28 14.44 14.627 14.76 1.13 0.76 1.03' 0.00032 0.00000076 1.49 1.36

24 pwr 2 -15.23 -15.07: .14.89 1.13 0.867 1.14 0.00034 0.000008, .35 1.36
$' pwr4 -15.44 -15.28 -15.19 0.98 0.8-9 0.9' 0.00025 0,00000089 i 1.10 1.01
36 pwre -15.01 .14.87' -14.77 1.17 1.05 1.17 0.00024 0.00000105; 1.11 1.11
37 pwr8 -15.04 -14.88 -14.78 0.771 0.6 0.67. 0.00020 0.0000006 i 1.28 1.12
98 iwrIO -15.54 -15.41' -15.31 0.71 0.61 0.71. 0.00023 0.00000061' 1.16 1.16
20 pwrl2 -15.45 -15.20 -15.21 1.26 1.09 1.1j0.00 24 0.000001091 1.16 1.02
40 Fpwr14 -15.14 -14.99 -14.84 0.79 0.5 0.72. 0.0003 0.00000051 1.58 1.44
41 .wr18 -14.9' -14.73 -14.57 1.01 0.79, 1.03 0.00033 0.00000079- 1.28 1.30
42 iwrI -15.12, -14.90 -14.88 0.93 0.86, 0.94 0.000240.00000086 1.08 1.09

42 wr20 -15.22' -15.06 .14.96 0.77 0.58 0.781 0.00020 0.00000058' 1.33 1.34
44 pwr22 -15.34 -15.191 -15.09 0.84 0.68 0.81 0.000250.00000050; 1.24 1.19
45 pwr24 -15.46 -15.29 -15.2 0.85 0.59i 0.721 0.00026 0.000000591 1.44 1.22

46 pwr26 -15.58 -15.39 -15.24 1 1.17 0.00032 0.000001L 1.09 1.17
47 pwr28 -15.49 -15.3 -15.22 1.15 0.89' 0.92i 0.00027 0.00000089 1.29 1.0348 _________o__000000___

49 exhI 14.63 14.98 15.14 1.02 0.79 0.88 0.00031 0.000Z 1.29 1.09

50 .xh3 K.18'715.38: 15.44 1.58 1.33' 1.35. 0.00028 0.000001331 1.19 1.02
51 *xh5 14.85 15.01 15.13 1.13 0.9 0.0iS 0.00028 0.00900091 1.2! 1.06
52 ,xh7 L 15.17! 15.3 15.49 1.6 1.35 1.52! 0.00032 0.00000i3i16 1.13
52 1xh 14.78! 14.92 15.08 1.36 1.1' 1.32 i  0.0003 0.0000011j 1.24 1.20
54 exhl 14.84' 14.95. 15.11 1.5 1.3; 1.45 0.00027 0.0000013 1.15 1.12
55 exh1S--" 14.68 14.82 14.97 1.1 0.9: 0.0! 0.00029 0.-0000009 l.22 1.07
56 exhi5 14.51 14.65, 14.82 1.32 1.051 1.12' 0.00031 0.00000105 1.26 1.07
67 *xhl7 14.74' 14.91, 15.06 1.16 0.88w 0.99 0.00032 o.00000088' 1.32 1.13
58 .xhlO 14.8 14.95i 15.1 1.21 1.031 1.15, 0.0003 0.00000103) 1.17 1.12
50 9xh21 14.87 5.0 1S5.1 0.79 0.011 0.76[ 0.00031 0.000000o1 1.30 1.25
O" *xh3-----14.82 14.99 15.14 1 2 1.12 1.22 0.00032 0.00000112' 1.14 !.09

61 exh25 14.86 14.99 15.12 0.95 0.82. 0.93 0.00026 0.00000082. 1.16 1.13
02 .xh27 14.861 15.011 15.17 1.32 1.04 1.25 0.00031 0.00000104' 1.27 1.20
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A I a c D E F 0 H I J K
I SMMMi0F _ __ . _
2__ _

3 stroke xl x2 x3 'yl (y2 y 3  ib (m) iho (m) gam1 gm2
4 . nt2 -15.12 -14.94 -14.78 1.65 1.12 1.44 0.00034' 0.00000112 1.47 1.29
5 int4 -15.22 -15.05 -14.9 1.58 1.32 1.5- 0.00000132 1.20 1.20
6 IntS -15.08 -14.92_ -14.74 1.41 1 11.19 0.00034, 0.000001 1.41 1.19
7 Int -15.39 -15.22 -15.08 1.53 1.06 1.391 0.00031. 0.00000106 1.44 1.31
8 IntiO -15.02 -14.85 -14.89 1.42 1.11 1.44' 0.00033 0.00000111 1.28 1.30
9 intS2 -15.33 -15.17 -15.05 1.39 1.04 1.37 0.00028 0.00000i04 1.34 1.32
10 1Nt14 , -15.09 -14.91 -14.76 1.43 1.071 1 29 0.00033 i 0.00000107 1.34 1.21

2""omp1 15.78 15.98 16.15 1.61 0.99, 1.56 0.00037 0.00000099 1.63 1.58
1$ comp3 15.88 18.03 18.19 1.61 1.11 1.431 0.000311 0.00000111 1.45 1.29
1 4 cosp5 15.81 15.96 18.14; 1.29; 0.97, 1.34, 0.00033 0.00000097 1.33 1.38
1T comp , 15.07 15.91 16.08. 1.61 i 0.781 1.28 0.00041 i 0.00000076 2.06 1.64
16 CoiPko_ 15.84 16.02 16.19 1.58 1.13i 1.44: 0.00035 0.00000113 I.40 i.27
17 comp11 15.72 15.89 16.07 1.57 1.141 1.42 0.000351 0.00000114 1.38 1.25
16 comp13 15.83 15 16.18 1.44, 0.84 1.39 0.00035 0.00000084 1.71 1.65
k 1 comp _ 15.15 .5.94 16.12 1.77 0.84 1.13 0.00042 0.00000084 2.11 1.35

21 pwr3 -15 -14.82 -14.7 1.21, 1 1.2i 0.0003 0.000001 1.21 1.20
22 pwr5 -15.26 -15.08 -15.01 1.35 1.01 1.23' 0.00025 0.00000101 1.34 1.22
23 pwr7 -14.88 -14.67 -14.53 1.54 1.2 1.58 0.00035 0.0000012 1.28 1.32
24 pwr9 -15 -14.84 -14.75 1.51 1.25 1.33 0.0002 5, 0.00000125 1.21 1.06
2 5 pwr11 -15.08 -14.88 -14.73 1.27 0.79 1.13: 0.0035 0.00000079 1.61 1.43
.26 pwri3 -15.2 -15.03 -14.86 1.12 0.82' 1.21: 0.00034 0.00000082 1.37 1.48
27 pwr15 -14.98 -14.81 -14.68. 1.66 1.261 1.43 0.0003 0.00000126 1.32 1.13
28 1
29 exh2 15.74 15.93 16.08 1.32 0.9 1.13 0.00034 0.0000009 1.47 1.26
S0 *xh4 15.73 15.97 18.13 1.66 0.9 1.54 0.0004 0.0000009 -1.84 1.71
31 *xh6 15.6 15.78 15.96 1.32 0.81 1.29 0.00036 0.00000081 1.63 1.59
I2 *xh8 15.74 15.9 1.05 1.33 0.99 1.0 6 0.00031 0.00000099 1.34 1.07
33 *xhlO 15.83 16 16.19 1.48 0.89 1.41 0.00036 0.00000089 1.66 1.58
34.exh12 __15.75 15.96 16.14 1.68 0.93 1.26 0.00039 0.00000093 1.81 1.35
35 exhl4 15.72 15.96 16.13 1.61 0.75 1.25 0.00041 0.00000075 2.15 1.67
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A 1 C . F a I J K
1 SMCM2O.X ____

2 ,
3 stroke xl lx2 x3 y y2 y3 b (m) ho (m) paml gam2
4 exhl 15.94 16.85 17.03 24.31! 2.98 4.6 0.00109 0.00000298 6.16 1.54
5 oxh3 16 16.e 17.05 27.76 2.59 5.97 0.00105 0.00000259 10,72 2.31
* *xh5 15.95! 16.82 17.01 28.721 3.45 4.85 0.00106 0.00000345 8.32 1.41

7 xh7 1 I  16.89 17.08! 27.261 3.36 5.94 0.00108 0.00000336 9.11 1.77
* Ixh9 15.91 16.83 171 28.07. 3.30 4.75 0.0011 0.00000336 8.35 1.41
9 exhl 1 5.86 16.85 17.04, 37.28 3.8 5.38 0.00118 0.0000036 10.36 1.49
10 exh15 15.94 16.86 17.04: 33.15 3.25 4.56 0.0011 0.00000325 10.20 1.40
11 *xh17 16 i  16.9 17.06 i  28.24 2.04 4.05 0.00106 0.00000204 13.84 2.43
12 oxhlO 15.99 16.89. 17.06e 29.91! 4.51 6.89 0.00107 0.0000045 1 6.63 1.53
2 xh2I 15.961 16.841 17.021 24.851 2.91 4.52 0.00106 0.00000291 8.54 1.55
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A .xh I50 162 163 2.9 2.1 2.3 0 A00 - K.002 .0 12

7Xtrk *x7 156 1. 3 1.2 36 92 2.2 0.04 0.000- 1.75 1.1

ehl 1.08 16.28. 16.48 3.15 2.5 30 .04 00003 .4 12

exh3l 1.95 16.17 163 3.47 2.72 27'8'O4 .0023 .0 11

11 *xhl5- 16.05 16.29 16.47 .1 2.5 1.46 2.0 0.0004' 0.000001461 1.3 1.37

052.000 1



A j D * r o = F a mI I i K
1 SMHSM.X _

3 stroke x1 x2 x3 yl y2 y
3 
_b (m) 1ho (m) gaml___m2

4 exhl 15.96 16.2 16.32 2.67 2.13 2.711 0.00036, 0.00000213 1.251 1.27
5 exh3 15.9 16.16 16.33 2.74 1.98 2.29 0.00043 0.00000198 1.38 1.16
6 exh5 15.77 15.99 16.18 2.43 1.51 1.98 0.00041 0.00000151 1.61: 1.31
7 *xh7 15.81 15.97 16.14 1.83 1.24 1.52 0.00033 0.00000124 1.481 1.23
S exh9 15.69 15.93 16.12 2.86 1.62 2.16 0.000431 0.00000182 1.57 1.19
9 exhil 15.78 15.98 16.16 2.09 1.63 1.82 0.00038 i 0.00000163 1.28: 1.12

1 0 *xhi3 15.78 16.01 16.22 2.87 _2 2.3E 0.00044' 0.000002 1.441 1.15
11 *xhi5 15.77 15.98 16.17 2.51 1.87 2.19' 0.0004 0.00000187 1.341 1.17
12 .xh17 16. 16.2 16.33 2.65 2.14 2.59 0.00083 0.00000214 1.24' 1.21
18 *xh19 15.82 16.01 16.11 2.87 2.55 2.8 0.00028' 0.00000255 1.13 1.10
14 *xh2l 15.87 16 16.191 1.61 1.36 1.54 0.00032! 0.00000136 1.181 1.13
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A C c F a_ H I J K
I S#*.M20.X _
2 -
S stroke xl x2 x3 yl y2 v3 b (m) ho (i) ai :oem2

4 oxhl 15.6 15.91 16.04 4.28 2.72 2.94 0.000441 0.00000272, 1.571 1.08
5 *xh3 15.56 15.86 15.99 3.44 2.06 2.29 0.00043 0.00000208 1.67 1.11
8 *xh5 15.61 15.84 16.03 3.19 2.07 2.2 0.00042 i 0.00000207 1.54 1.06
7_.xh7 15.81 15.96 16.13 2.33 2.1 2.11 0.00032 i 0.0000021 1.11 1.00
S *xh9 15.77 16 16.12; 2.87 2.35 2.65 0.00035 0.00000235 1.22 1.13
9 exhIl 15.57 15.65 15.99 2.93 1.64 .1.93 0.00042: 0.00000164 1.79 1.18
10 exh13 15.64 15.9 16.07 2.7 1.81 2.11 0.00043! 0.0000011 i 1.49 1.17
11 exhI5 15.82 15.89 16.04i 3.23 2.27 2.29 0.00042, 0.00000227 1.42, 1.01
12-*xh17 15.7 15.88 16.03 2.31 1.73 2.09 0.000331 0.000001731 1.33' 1.21

54



A 1 0 C D E F a H
1 Motored constants.
2 _ __-- --

$ data s oil T liner (dog C U (rn/s) p (Pa s) 18 (m) -aP (Pa)
4 203 cm 92.7 7.33 0.01037, 0.00146, 193000 0.065
5 251 hs 73 3.67 0.01721 _ ;
* 254 hs 101.3 9.16 0.00792[ APB.'281.78
7 303 mm 92.7 7.33 0.01268 _

8 519pm 83.3 5.5. 0.01270 4
* 520 pm 111.2 11 0.00718 ; .___

10 524 ps 83.3 5.5 0.01286. i
11 525ps 111.2 11' 0.00668112
15 Fired constants .....

14 ___

15 data 94oll IT liner (do CU (nshl (Pas) B (m) Ap (Pa) A (m)
16 207 cm 132 3.671 0.00500 0.00146 193 0 001 0.065
17 258h 106 3.67 0.00711_

18 263 hs 150 7.33 0.00317! APB. 281.78 1
19 268 hs 147 9.16 0.00332 1

20 306 mm 132 3.67 0.00603 wrist pin oil thick correction factor
21 521 pm 141 5.5 0.00

4 4 5 11 5 00 rpm l 1.61
22 522 m 160 11. 0.00345j3000 rpm 1.551
23 526 -s 141 5.5 0.00392 1
24 527 ps 160 11 0.00297 :,_ _
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Appendix C - Upstroke Model Development
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a

U X1 0 X2

Definition of terms used for profile of second ring as defined by Coyne and Elrod [7]:

F1 - nondimensional inlet wetting height

F2 - nondimensional outlet wetting height

ho - minimum wetting height

Xl - local position of F1 relative to 0

0 - local position of ho

X2 - local position of I2 relative to 0

a - radius of parabolic fit of ring tip

b - wetted length

&2- 172-ho

The formula describing the oil height under the ring is

(xXO)2h(x) = ho + 2
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where xo = 0 (local position of ho). Based on inputs b, r 2 with a, 8 and X2 known

from the scraper ring talysurf calculations, ho and r, can be determined using the above

equation.

These parameters are used in an Excel macro called "Macro 9". Macro 9 is an

iterative scheme to compute f, r, b and h. from a, X2, F2 and W (load). X2 is the

separation location measured from the point on the ring where h = ho. There is a main

program and five subroutines called K, Ksubl, hinfhO, locl and hO. The subroutine

hinfhO calculates hinf/ho. K and Ksubl calculate the values of K in the formulae of

Coyne and Elrod while locl calculates the value of X1 (the distance under the ring from

the inlet to the point where h = ho, nondimensionalized). The subroutine hO calculates

ho. Main calls hO which calculates ho directly from F2 , X2 and a. Then the

nondimensional variables for X2 and W are calculated. The accuracy constant, called

eps for epsilon in the code, is assumed at 0.0001. The iteration variable is X1 which is

looped in main through subroutine loci. LocI calls three subroutines, hinfh0, K and

Ksubl. Each uses the formulae given in Coyne and Elrod [7]. Locl is a root solver

using a bisection technique to guess the most accurate Xl, the root of the equation for

Wcalc - W, where Wcalc is the load calculated from all other variables. The bisection

technique progressively narrows the location of the root down until the accuracy criterion

is met. The last guess of X1 is then sent back to main where the entire loop is done

again until Xl converges to the accuracy limit.

Macro 9 was written by Jim H. Azzola, PhD candidate, MIT 1991, Sloan Auto

Lab.
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A Sc
1i MACRO9
2
3 main main prograw Indrec cale bo
4 -RESULT("4) -RE8ULT(l)
S rRO-dTmul-AROUbENT("gam2-,1)
6 -AROUME4NT("u",l) *-AROUhIENT( ".I)
7 I=AROUMEUM("gam2".l) -AROUIEINurxf1)

* *AAOUMNT("&",1) - -r**22a*(am21))
I-ARX)W[NT("".I)-REIURN(CS)

13 .83fr.VALUE(Al4ATAq(r/SQT(2aaA12))) 1st non~dmentiocal 2
47 0.21998797739W4 st noo-dlmewional x2

1 0.061705948372615 w* nondimesnatl load ________

10 -SETVALUE(A20,47) set iniil xl gums

10-0.8999267578125 _____________

22 .Sr.VALUE(A26,A20) eodax

-4Kr.VALJU4(A20MACRO9.XLMJo1(Al4Al6A7)) mat low value xlI

2 ___1-0.8999267578M_________ old vai xI

A iQR('~ lambda
30 -A29TA(A20) Dimensional left value xI

32 -SET.VALUB(A38,A12) hO_______

84 .SErT.VALUD(C38,MACRO9.XMfblibO(A20,A14)'Al22) bluf
1 ______________________________ retu last Values ________

69



T DU

4 RESMLT(l)
5 .AROUMNNXrxr,l)

7 -AROUNNY("ep".1) epailon

0 -1.2 italleft valueof Inteial

111*0.3 iital right valuedo interval
12 I-SET.VALUE(D22,Dl0)
13S -W.VALUEDI I1)
4I-.SVALUE(D24,O) MewO Woflb?

1 -(=+2D23)/2 iniiial x
16 I-WM(23-D1Sep _0070(=2)OOO(17))
17 4ET.VALUN(D18,MACR09-U2lblnfW(D1S,exr))
1811.1662557645283 2*hiofi - f from CAB
19 -MACRO9.XLMUC DI5.DIS)-MACRO9 WIK(exrD8)M OX7LMIKuubl(Dt5.DIS)O(TAN(exr)-TAN(DI5))-wsta f(x left int vel)
20 -MACRO9.Xb IKD23D1S)MACRO9XMhIK(exrPlS+MCRO9.X.MfKsub1(D23J)18)(TA(exr)-TAN(D23)).wa (x tight it vet)
_E -zF7sDN(D9).sDN(D2)c0,SBT.VAU(2D),Sgr.VALU(D23.DI))
22 -0.9 left lntrval Val
28 -0399853515625 right int value

W T2-Counter
W .SET.VALUE(D24D24+ 1) updat counter
2S I-OOTO(D15)________

27 I-REflJRNI~S)______

20 _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _

321 _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ _

34__ 
_ _ _

A 
35 _ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ _

83 _ ___ ____ ___ ____ ___ ____ ___ ____ ___ ___



3 K Ksubl
4 -RESULT(1) &WEULT(l)
5 .AU4T""1 RAM HNI("ex",1)
* -AAO4AMM(ef",l) .AWOUbMNT-er,l)

7 *4IqAN~ex)/24.(3ex*TAN(ax)MCOS(2%x)/16) -exz2-D(2%x4M*f3*zSfi4N2x)4SIN(4%xY321

I

I -_ _ _ _ __ _ _ _

14 _ _ _ _ __ _ _ _ _

16 ___________________ ______________________

211_ _ _ _ _ __ _ _ _ _ _

221 __ _ __ _ __ _ _

23 _ _ __ _ _ __ _ _ _

24 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

25 _ _ ___1__ _ _ _

2 1 _ _ _ _ __ _ _ _ _

271 _ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _

2B _ _ _ _ _ _ _ _ _ _

2i _ _ _ __ _ _ _ __ _ _ _

IS



3 binfbO
4 -RESULT(1)

MAGUABNT("exl",I)
w AROUWMMN("exf,1)

T -(x2S(0el/-/-I(* r/)( eWSN2ex)4SK4el/23%r8SN2er4lN4x~3

* R01 JN(7

121 _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

131 _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

1241 ______________________________________

IS __________________________1_____________

i1 _____________________________________

18 ___________________1___________________

17is _____________________________________

1S ___________________1___________________

201 ____________________________________________

211 _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

21__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

23 _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

24 _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

24 _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

251_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

271 _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _

27 1 _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

20 _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

1 _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _
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3 fdict
4I ..RSULT(l)

6 -AROUMENT(-V,1)______

7 .-ARGUMENT(-boubO-,1)
s '! ROUMENT "u",1) _____

T -AxaUM~NTc"mu".1)_____

11 MGIUABNT("w",I)
12 -AaGUMdRNT(-zI",1) dim ii
13 -ARGUMM4NT(-xr-,I) dim X2
W ..3~ftT(2amubO) _____

15 IATAN(xIjAl4) Ai ND
16 I-ATAN(xr/114) xr ND
171 .I54OJTANR5)/(1+AN(11))-2)+IS)O.5inf/bubO D(xl)
16 1.l6(O.5 TA(X16X1+(TA (16))A2)+I1 )05TWhi1subO D(x2)

1-muu441mA4(11117) Dr
20 *.119/(umu~bhubO) CD

211mu~ubA2dsubWtw 0
22 -MI" P03'O
23 -RMrURN(J22) f

24 ____________

2,5 __________

28 ___________

27 _ _ _ __ _ _ _ __ _ ___

29____________ ___

63



Appendix D - Additional Figures
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LIST OF FIGURES

Figures 3A, 3B, 3C: Cross-flow plots - motored

Figures 4A, 4B, 4C: Cross-flow plots - fired

Figures 5A-G: Flow under the ring plots

Figure 6A: Upstroke model G versus Tl - motored

Figure 7A: Upstroke model T" versus "2 - motored

KEY

pm - pen multi

ps - pen single

15 - 1500rpm

30- 3000rpm

M - Wrist pin (McElwee)

B - Skirt (Bliven)
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Motored
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Motored
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FIG 3C
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Fired
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Fired
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Fired Overall Oil Flow
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Motored Overall Oil Flow
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FIG 5G -Oil Flow between ring and liner.
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MOTFORED UPSTROKES
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