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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 pattemns
in engine journal bearings. A laser fluorescence technique-in use at the
Massachusetts Institute of Technology“allows 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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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 [1] and Hoult,
Wong, and Azzola [S] 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 muiti-
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




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 [1]. 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 talysurf 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




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.




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 hg between the two azimuthal positions

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

(appendix C) showed that hp/h.. ~ 2, the comparison of hg 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]:

The boundary conditions here are:

1. ring load (W)
2. film thickness "far" away from the ring (heo)
3. hg or separation point at the exit (X2)

4. known ring profile.

The nondimensional flow equation is obtained by using the standard

nondimensional terms h, X and P:
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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(0) =6-B‘(1)F(1)
h(1) ¢ -7%0) P(0)

and the relationship between the entrance film thickness and heo is

B B By
T2 12 &K .

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

Bliven [3] and Hartman [4] used in their analysis.




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:

_ uub?
hZAPB

G = G(rlv r2! 521 ’53)

where P2, P3 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 P2 and P3 for the

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

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

ho and I'y determined based on inputs b, I'. The algorithm used to determine G for

upstrokes is described in appendix C.

10




CHAPTER J - RESULTS

3.1 Cross-flow

Figures 3 and 4 show the plots of the wrist pin position hy (McElwee) versus
the skirt position h, (Bliven) for a typical motored and fired case respectively.

Figure 3 shows that the average value of h, (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 h.. 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 [3,8]. 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 [4] which is consistent with previous observations.

11
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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 I'} versus I,
as a correlation with the upstroke model. The values of I'; 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 xq (h(x,) = hy) 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 I'; is close to one.

Similar plots for the motored case are shown in appendix D.

12




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
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Figure 1 - General scraper ring fit on a computer generated oil trace
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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 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 I'; 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 - Inlet 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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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:

_ (x-x0)?
h(x) = ho + 200 O

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.

y=22.6+24x - 7.7xM2

x0=.153 mm X

y=C) +CX +C3x2

2 2
h=h0+(22-8'cl‘02X-C3x2)=h0+(x +2)2(Zx+x0)

Matching the squared terms, we get

-C3=i

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

25




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=Mobill)
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 x1, x2, x3, y1, y2, y3 (1=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 second 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), h1, 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




Fired (all full load)

m M T ' T ™ M

Motored

S ZTXXXXKX

Data Set #
359
368
409
418
521
522
526
527

352
355
402
405
519
520
524
525

Qi
Pennzoil 15W40

Pennzoil 15W40
Pennzoil SAE30
Pennzoil SAE30
Pennzoil 15W40
Pennzoil 15W40
Pennzoil SAE30
Pennzoil SAE30

Pennzoil 15W40
Pennzoil 15W40
Pennzoil SAE30
Pennzoil SAE30
Pennzoil 15W40
Pennzoil 15W40
Pennzoil SAE30
Pennzoil SAE30

Table 1 - Cross-flow Data Base
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1500
3000
1500
3000
1500
3000
1500
3000

1500
3000
1500
3000
1500
3000
1500
3000




Fired

M T T T o™ om i

Motored

S XTZXXXRX

Data Set #
207
258
263
268
306
521
522
526
527

203
251
254
303
519
520
524
525

Table 2 - Load versus Inlet Wetting Height Data Base

Qi
Cummins 15W40
Havoline SAE30
Havoline SAE30
Havoline SAE3(
Mobill 15W50
Pennzoil 15W40
Pennzoil 15W40
Pennzoil SAE30
Pennzoil SAE30

Cummins 15W40
Havoline SAE30
Havoline SAE30
Mobill 15W50
Pennzoil 15W40
Pennzoil 15W40
Pennzoil SAE30
Pennzoil SAE30

29

Speed (rpm)
1000

1000
2000
2500
1000
1500
3000
1500
3000

2000
1000
2500
2000
1500
3000
1500
3000




A B [ b [ € F a | ] J K
1_|SMPM15F : { .
2 !

3 |stroke [b ticksih1 ticksho ticksh2 ticks |b {(m) ho (m) ami |gam2 |oil thickness [ho (m)

4 [int1 T 0.99]  1.47] 119 1.42] 0.00025641] 1.74E-08. 1.24] 1.1Q|correction | 2.80E-06
s [int3 1.22] 1.43] 1.13 1.37] 0.00031598] 1.85E-08° 1.27] 1.21|factor applied 2.86E-08
8 Jint5 0.95] 1.37] 1.24 1.35] 0.00024805] 1.81E-06, 1.10] 1.09] -----c--- > 2.91E-08
7 lint7 0.95/ 1.68] 1.35 1.53] 0.00024605] 1.97E-08 1.24 1.13] --e-covel > 3.17E-08
8 [int9 0.84] 2.00{ 1.72 1.87{ 0.00024348] 2.51E-08] 1.22] 1.09 4.04E-08
9 lint11 1.07] 1.75] 1.3 1.6]_0.00027713] 1.90E-08/ 1.38] 1.23 3.06E-08
10 [int13 0.08] 1.52] 1.14 1.3] 0.00025382] 1.88E-06. 1.33[ 1.14 2.68E-06
11fint15 [ o0.98] 1.77| 1.38 1.5] 0.00025641] 2.01E-08; 1.28] 1.09 3.24E-08
12 0int17 1.18]  1.45] 1.18 1.38] 0.00030044] 1.60E-08] 1.25( 1.19 2.73E-08
18 [int19 0.80] 1.87[ 1.52 1.7] 0.00023051| 2.22E-08] 1.23] 1.12 3.87E-06
14 [int21 1.07{ 1.38 1.00 1.28] 0.00027713] 1.89E-08! 1.27] 1.17 2.58E-06
18

18 Jcomp2 1.22] 1.25] 0.95 1.14] 0.00031598 1.30E-068! 1.32[ 1.20 2.23E-08
17 lcomp4 1.1] 0.93] 0.69)  0.79] 0.0002849] 1.01E-08] 1.35] 1.14 1.62E-08
18 [compé 1.49] 1.26] 0.91] 1.09{ 0.00030821] 1.33E-068; 1.38[ 1.20 2.14E-08
19 {comp8 1.18] 1.34] 1.02 1.18] 0.00030562| 1.40E-08, 1.31] 1.18 2.40E-06
20 jcomp10 1.2 1.15] o0.92 1.12]  0.0003108] 1.34E-08] 1.25] 1.22 2.18E-06
21 Jcompi2 | 1.14 1] 0.74' 0.99] 0.0002952¢] 1.08E-08] 1.38] 1.34 1.74E-08
22 |compid4 | 1.22] 1.18] o.85 1.15] 0.00031598| 1.30E-06 1.24] 1.21 2.23E-06
23 {comp16 | 1.29] 1.15] o0.86 1.12] 0.00033411] 1.28E-08! 1.34] 1.30 2.02E-08
24 Jcomp18 | 1.31] 1.13] 0.72] 1.09] 0.00033929] 1.05E-08| 1.57| 1.8% 1.89E-06
25 jcomp20 | 1.48] 1.18] 0.74 1.12| 0.00038332( 1.08E-08 1.59| 1.51% 1.74E-06
26 fcomp22 | 1.31] 1.3t 0.99 1.28] 0.00033929] 1.45E-08; 1.32] 1.20 2.33E-06
27 T N ’
28 [pwr2 0.97 0.8] 0.58 0.61] 0.00025123] 8.18E-07. 1.43] 1.09 1.32E-06
29 [pwrd 1.19] 0.9 0.62 0.89] 0.00030821] 9.05E-07; 1.80| 1.44 1.46E-08
30 [pwre 1.2] 0.98] 059, 0.82] 0.0003108] 8.61E-07. 1.88] 1.39 1.39E-08
31fpwrs_ | o0.98] 0.88] 072"  0.85] 0.00025382] 1.05€-08] 1.22 1.18 1.69E-08
32 |pwri0 1.18] 0.75| 0.58 0.71] 0.00030582] 8.47E-07, 1.29] 1.22 1.36E-08
33 Jpwr12 1 0.97] 0.69 0.79 0.000259] 1.01E-08 1.41| 1.14 1.62E-08
34 jpwrid 1.08)] 07| 05 0.85| 0.00027454] 7.30E-07. 1.40] 1.30 1.18E-06
38 [pwris 0.96{ 0.92( 0.71 0.72] 0.00024864] 1.04E-08. 1.30] 1.01 1.87E-08
36 [pwri8 091 0.82] o0.69 0.78] 0.00023569] 1.01E-08, 1.18] 1.13 1.62E-08
37 |pwr20 1.07] 0.78 0.6 0.71] 0.00027713] 8.76E-07. 1.30] 1.18 1.41E-06
38 [pwr22 0.96 1.4] 0.92 1.02] 0.00024864! 1.34E-08! 1.20] 1.19 2.16E-08
39 ‘

40 lexni | 148 1.21] 1.0 1.09]  0.00030] 1.45E-08 1.20] 1.08 2.342E-06
41 [exh3 1.25]  1.14] 0.93 1.06 0.00032] 1.34E-08  1.23] 1.14 2.156E-08
42 |exh5 1,14 1.07] o0.88 1.15 0.00029] 1.27E-08' 1.22] 1.31 2.04E-06
43 [exn7 1.23] 1.21] 0.92 1.00 0.00031] 1.32E-08  1.32[ 1.18 2.133€-06
44 [exh9 1.21] 1.27] 1.02 1.21 0.00031] 1.47E-08. 1.25] 1.19 2.365E-08
48 jexh11 1.08] 1.28 11! 1,26 0.00027| 1.58E-08] 1.18] 1.15 2.85E-08
46 exh13 1.28] 085 0.58 0.7% 0.00033] B8.08E-07, 1.52| 1.34] --ooo-ee- > | 1.298E-08
47 lexh15 1.2 1.13] o.81 1.03 0.00031] 1.17E-08. 1.40| 1.27 1.878E-08
48 lexn17 1.268]  1.08] 0.79 0.97 0.00032] 1.14E-08/ 1.34] 1.23] --------- > | 1.832E-08
49 lexn1d 1.26]  1.43] 1.18 1.37 0.00032] 1.7E-08. 1.21] 1.16] --------- > | 2.736E-08
S0 |exh21 1.22| 1.38] 1.09 1.29 0.00031 1.57E-08] 1.28] 1.18] .- > | 2.527E-08
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A | 8] ¢c ] o | E F [ H ] J K
1_[sMPM30F i ‘ 1T
2 ' ! i I
3 [stroke b ticks hi ticks ho ticksh2 ticks b (m) [ho (m) aml |gam2 |oii thickness |ho (m)
4 icomp2 i 1.24 0.82  0.63 0.75/ 0.00032116. 9.198E-07{ 1.30 1.18/correction 1.4257E-06
S Jecompd | 102 0.89 0.64 0.74] 0.00028418, 9.344E-07 1.30] 1.16|factor applied 1.4483E-08
6 Jcomps 1.3 089 069 088 0.0003367 1.0074E-08] 1.20] 1.28 1.5615E-08
T lcomp8 | 1.16. 1.08° 0.83  0.92° 0.00030044 1.2118E-08] 1.30] 1.11 1.8783E-08
8 lcompi0 . 1.18 0.97, 0.8 0.87, 0.00030562 1.168E-08] 1.21] 1.09 1.86104E-08
9 Jeompi2 . 1.21, 115  0.87 1. 0.00031339 1.2702E-08] 1.32] 1.15 1.0688E-08]
10 [compid 122, 1.04 0.81. 0.9/ 0.00031598 1.1826E-06] 1.28] 1.11 1.833E-06,
11 [compts | 0.83  1.11 1. 1.07, 0.00021497, 0.00000148] 1.11] 1.07 2.203E-08
12 |comp18 1. 0.84 0.71. 0.8 0.000259 1.0366E-08] 1.18] 1.13 1.6067E-06
13 [comp20 1.2.  0.96] 0.69, 0.85 0.0003108, 1.0074E-08] 1.39] 1.23 1.5615E-08
14 [comp22 Jl 0.83:  0.72; o0.68 0.7 o.ooozuw; 9.928E-07] 1.08]  1.03 1.5388E-08
18 ‘ i |
16 [pwr2 | 0.88 0.49! 0.39, 0.45] 0.00022792. 5.604E-07] 1.26] 1.15] ----ceoe- > | 8.8257E-07
17 [pwra | 0.95 0.50 0.49] 0.54! 0.00024805 7.154E-07] 1.20] 1.10 1.1089E-08
[ 1 Lipwrs | 0.97. 058 0.47] 0.49 0.00025123| 6.862E-07] 1.23] 1.04 1.0836E-08
19 lpwrs i 1.03] 061, 0.51 88/ 0.00026677, 7.446E-07] 1.20[ 113.73 1.1541E-08
20 |pwr10 . 0.96] 0.58] 0.48  0.53 0.000248684 7.008E-07] 1.21] 1.10 1.0862E-08
21]pwr12 | 0.95 054 0.39' _0.49. 0.00024805' 5.694E-07| 1.38] 1.26 8.8257E-07
22 [pwri4 0.3 0.86° 0.53 0.59: 0.00024087' 7.738E-07] 1.25] 1.11 1.1994E-08
23 [pwrie 0.80. 0.81' 0.72, 0.76! 0.00023051] 1.0512E-08] 1.13] 1.06 1.6204E-08
24 lpwri18 0.98 0.56 0.49 0.5] 0.00025382, 7.154E-07| 1.14] 1.02 1.1089E-08
28 |pwr20 0.99 059 0.43 0.58 0.00025641  6.278E-07] 1.37] 1.35 9.7309E-07
26 [pwr22 0.02 051 0.41 0.5 0.00023828 S§.98BE-07] 1.24] 1.22] ----o-... > | 9.2783E-07
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A | B c oD | E | F 1 [ 1 ™ [ J K
1_|SMPS1SF | : i | j !

2 i ! | N 1 |
3 |stroke b ticks |h1 tickslho tickéh2 ticks b (m) _ho {m) igam1 am2 _(oll_thickness [ho (m)

4 [int2 7 1.04] 1.37 1.1, 1.28. 0.00026938 _ 1.61E-08! 1.28] 1.16:correction 2.50E-08
5 linta 0.94] 1.07] 0.85  0.98' 0.00024346°  1.24E-08. 1.28] 1.1Sfactor applied 2.00E-08
8 linte 1] 118 0.8 1.08  0.000259  1.43E-08, 1.17, 1. 2.30€-06
7 limts . 1.12]  1.22 9 1.14' 0.00029008 1.46E-08  1.22' 1. 2.35E-06
8 [int10 ' 0.98] 1.28] 1.04. _1.16| 0.00025382 1.52E-08  1.21° 1. 2.44E-08
9 _[int12 1.01] 1.52] 1.46. 1.47; 0.00026159, 2.13E-08] 1.04; 1. 3.43E-08
10 Jinti4 1.08 1.2 1 1.16_ 0.00027454.  1.48E-08  1.20] 1. 2.35E-08
11 (int18 | A 1.48 1.2 1.27! 0.000289 1.77E-08! 1.22] 1. 2.84E-0¢
12]int18  © 1.02] 1.28] 0.917 1.04] 0.00026418;  1.33E-08] 1.41] 1. 2.14E-08
13(Int20 | 0.97] 1.14] 0.97, 1.09| 0.00025123 1.42E-08] 1.18] 1. 2.28€-08
14fint22 | 107 152 1.7, 1.3 0.00027713 1.71E-08] 1.0, 1. 2.78E-08
18 1 ! 1
18 [compt | 125 12| 1.02.  1.13] 0.00032375, 1.49E-08, 1.18] 1. 2.40E-06
17 jeomp3 | 1.2 1.21] 0.82° 0.96 0.0003108 1.20E-08] 1.48] 1. 1.93E-08
10 [compS | 09 098] 0.72  0.79. 0.0002331° _ 1.08E-06] 1.38] 1. 1.69E-08
10 [comp7 | 1.2 1.2[ 0.4, 1.00. 0.0003108, 1.37E-08] 1.28 1. 2.21E-08
20 Jecompd . 1.29] 1.29 1 1.14' 0.00033411] 1.468E-08] 1.28] 1. 2.35E-00
21 jcompl1 |  1.35 111 0.79 1. 0.60034965 1.15E-08] 1.39' 1. 1.86E-06
22 [compi13 1.16] 1.03] 0.74  0.88/ 0.00030044] 1.08E-06/ 1.39 1. 1.74E-06
23 [comp15 1.28] 1.03] 0.78_ _ 0.98] 0.00033152; 1.14E-06__ 1.32| 1. 1.83E-06
24 [comp17 1.31] 1.11] 0.73  0.92] 0.00033928'  1.07E-06. 1.52] 1. 1.72E-08
28 |comp19 1.06)] 1.32] 0.89 1.03. 0.00027454, 1.30E-08' 1.48 1. 2.09E-08

8 jcomp21 1.17] _ 1.13] 0.73__ 0.82._0.00030303.  1.07E-08' 1.55[ 1. 1.72E-08

7 ' ] !

8 [pwrl 0.98] 0.89] o0.68 0.7 0.00025382.  9.93E-07] 1.31] 1.03] -.---.o-- > | 1.60E-08
29 [pwr3d 0.94] 0.72] 0.58  0.84, 0.00024346, B8.47E-07| 1.24 1,10{ ----re--- > 1.38E-08
30 Jpwrs 1.03]  0.73 05  0.59' 0.00026677] 7.30E-07, 1.48] 118 .coooeoo- > | 1.18E-08
31 Ipyr_7 0.87] 0.91] 0.86  0.78] 0.00025123. 9.64E-07; 1.38] 1.18
82 [pwro 1.03]| 0.99] 0.87  0.71] 0.000268877.  9.7BE-07, 1.48 1.08|
33 jpwri1 088 0.63] 0.41  0.57 0.00025382° 5.99E-07, 1.84 1.39:

34 [pwr13 1.2 077 05 0.6 0.0003108  7.30E-07_1.54 1.32
38 jpwris 0.97] 0.81] o0.69 0.8 0.00025123°  1.01E-08.  1.17, 1.16]
36 [pwr17 0.99] o0.88] 0.79 0.8] 0.00025841 1.15E-06.  1.11;, 1.01]
37 jpwrig | 0.95 0.71] 0.58 0.61. 0.00024805 8.47E-07. 1.22. 1.08!
38 lpwr21 0.93] 0.82] 0.48' 0.6 0.00024087 7.01E-07, 1.29; 1.285.
39 ] | | ! :
40 Joxh2 T 71810 1.22] 003 1.14] 0.00034] 1.3392E-06 1.31 1.23'
41 Joxh4 1.48] 0.92] 0.75, 0.890 0.00030, 0.00000108  1.23] 1.19
42 [exh8 1.34 12| o0.88, 1.11 0.00034. 1.2872E-06._ 1.38 1.26
43 [exhs | __o0.88] 102 0.87 _1.01 0.00022' 1.2528E-06, 1.17. 1.18
44 Jexh10 T 1.20 0.7 0.42, 0.83,  0.00033] 6.048E-07| 1.67 1.50
48 lexhi2 1 1.27 1] 071, 0.92 0.00033] 1.0224E-08 1.41] 1.30
48 Jexhia | 12| 1.02[ 0.78  0.89 0.00031' 1.1232E-08_  1.31 1.14]
47 lexhi8 0.91| o089 o0.85 0.88 0.00023°  1.224E-06, 1.05, 1.04:
48 lexh18 1.19 09| 0.71, 0.82 0.00030 1.0224E-08' 1.27| 1.15
49 [exh20 1.26] 1.08] 0.82] 0.98 0.00032] 1.1808E-08' 1.32. 1.20’
50 (exh22 1.2/  0.91] 0.78 0.9 0.00029 1.1232E-08. _1.17. 1.15
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A B [ D € F [] H 1 J K
SMPS30F L
] :
3 |[stroke b ticks |h1 ticks ho tickslh2 tickgb (m) ‘ho (m) jgam1 |gam2 |oll thickness |ho (m)
4 lint2 1.08 0.72 0.44 0.65] 0.00027972: 8.42E-07 1.64 1.48{correction 9.98E-07
8 lints 0.93 0.41 0.29 0.38| 0.00024087 4.23E-07 1.41 1.31(factor appli 6.58E-07
6 lint10 0.91 0.19 0.09 0.13] 0.00023569, 1.31E-07 2.1 1.44 2.04E-07
7 _lint12 1 0.38 0.15 0.32 0.000259  2.19E-07 2.53] 2.13 3.39E-07
8 lint14 1.08 0.45 0.32 0.44| 0.00027972. 4.67E-07 1.43 1.38 7.24E-07
9 lint16 1 0.83 0.72 0.81 0.000259; 1.08E-08 1.15] 1.183 1.63E-06,
10 |int18 1 1 0.83 0.9 0.000259 1.21E.08 1.20( t1.08 1.88E-08
11 lint20 0.92 0.83 0.72] 0.73] 0.00023828! 1.05E-08 1.15 1.04 1.63E-08
2 jint22 1 0.56 0.3% 0.45 0.0002% 5.11E-07 1.60f 1.29 7.92E-07
13
14 jcompi 0.95 1.62 1.22 1.28| 0.00024605; 1.78E-06 1.33] 1.08 2.76E-06
18 |comp3 1.28 1.68 1.39 1.8| 0.00031857; 2.03E-08 1.21 1.08 3.15E.08
18 fcomp5 1.18 1.67 1.43 1.52] 0.000305682] 2.09E-08 1.17}  1.08 3.24E-08
17 Jcomp7 1.12 1.31 1.12 1.19{ 0.00020008: 1.64E-08 1.17 1.08 2.33E-068
18 jcomp® 1.05 1.49 1.82 1.35] 0.00027190S. 1.93E-06 1.13| 1.02 2.99E-06
9 lcompi 1 1.76 1.61 1.69 0.000259| 2.33E-068 1.08 1.05 3.84E-08
20 jcomp13 1.08 1.42 1.22 1.25| 0.00027195, 1.78E-08 1.18] 1.02 2.76E-.08
21 jcomp15 1.19 1.8 1.38 1.61{ 0.00030821, 2.01E-08 1.18 1.17 3.12E-08
22 jcomp17 1.24 1.43 1.19 1.35| 0.00032116: 1.74E-08 1.20( 1.13 2.69E-08
23 jcomp19 1.23 1.51 1.22 1.28] 0.00031857! 1.78E-08 1.24 1.08 2.76E-08
24 [comp21 1.24 1.56 1.39 1.5| 0.00032116| 2.03E-06 1.12 1.08 3.15E-08
28
28 jpwr1 0.98 0.92 0.71 0.73] 0.00025382, 1.04E-08 1.30) 1.08 1.61E-08
27 |pwr3 0.99 0.81 0.72 0.79| 0.00025641: 1.05E-08 1.13 1.10 1.83E-08
28 lpwrs 1.12 0.83 0.85 0.81] 0.00029008! 9.49E-07 1.28 1.25 1.47E-08
29 lpwr7 0.89 0.88 0.78 0.88| 0.00023051; 1.14E-06 1.13 1.10 1.77E-06
30 |pwr9 0.94 0.81 0.87 0.8] 0.000243468; 9.78E-07 1.21 1.19 1.52E-08
31jpwriy | 098 0.81 0.88 0.69| 0.00025382' 9.93E-07 1.18/ 1.0t 1.54E-08
32 |pwri13 0.9 0.87 0.5 0.86! 0.0002331, 7.30E-07 1.34| 1.12 1.13E-08
33 |pwris 0.79 0.73 0.6 0.62] 0.00020461; 8.76E-07 1.22 1.08 1.36E-06
34 pwr17 _0.87{ 093 0.7% 0.78| 0.00022533| 1.10E-08 1.24 1.04 _1.70E-08
38 [pwr19 0.96 0.73 0.58 0.68] 0.00024864  B.47E-07 1.28 1.17 1.31E-08
36 lpwr21 0.92 0.96 0.78 0.8| 0.00023828; 1.14E-06 1.23 1.03 1.77E-06,
37 i
39 {exh2 1.28 1.02 0.83 0.98] 0.00033152; 1.21E-068 1.23 1.18 1.88E-08
39 |exhe 0.79 0.79 0.55 0.59| 0.0002046%1, 8.03E-07 1.44 1.07 1.24E-08
40 lexh8 1.2 0.29 0.12 0.26{ 0.0003108; 1.7SE-07 2.42] 2.7 2.72E-07
41 |exh10 1.27 0.46 0.28 0.368| 0.00032863| 4.09E-07 1.684 1.29 8.34E-07,
42 [exh12 0.93 0.17 0.08 0.18] 0.00024087| 1.17E-07 2.13| 2.00 1.81E-07
43 {exh14 1.08 0.6 0.46 0.53] 0.00027972' 6.72E-07 1.30) 1.18 1.04E.08
44 lexh18 1.26 0.81 0.42] 0.59| 0.00032634' 6.13E-07 1.45( 1.40 _9.50E-07
48 jexhi8 1.2 0.89 0.59 0.72] 0.0003108/ 8.81E-07 1.51 1.22 1.34E-06
48 {oxh20 1.3 0.91 0.51 0.72| 0.0003367. 7.48E-07 1.78] 1.41 1.15E-08
47 lexh22 0.88 0.6 0.35 0.39] 0.00022792. 5.11E-07 1.7 141 ceceeenee > 7.92E-07
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A | B [] D E | F [<] H 1 J K
1_ISBPMI15F ;
2
3 [stroke |x1 x2 x3 _y2 y3 b (m) ho (m) ami am2
4 jinte | -15.12] -14.93] .14.6] 249 084] 377 0.00052 0.00000084 2.96 4.49
s lintg -15.34] -15.14] -14.84] 3.47. 037 282 0.0005, 0.00000037 _ 9.38 6.81
6 Jint10 -15.24] -15.02] -14.76] 2.44 087] 2.21 0.00048' 0.00000087  2.80 2.54
7 lint12 -15.28] -15.07] -14.78] 3.18] 1.25(  2.01 0.00048! 0.00000125, 2.84 2.33
8 lint14 -15.19] -14.99] -14.73] 2.88 155 294 0.00048! 0.00000155'  1.86 1.80
0 [int1e -15.28] -15.07| -14.78] 3.01, 2.17] 3.3 0.00048] 0.00000217, 1.80]  1.67
10 [int18 1527/ -15.07{ -14.8] 1.74 0.2 1.8 0.00047]  0.0000002.  8.70 8.00
11 Jint20 -15.3] -18.11] -14.83] 3.18] 2.1 3.34 0.00047| 0. 211 1.49 1.58
12
13 lcompi 14.92] 15.22 15.4] 3.94| 1.85] 2.4 0.00048] 0.00000185 2.13 1.43
14 |comp3 14.93] 15.16] 15.36] 298/ 1.88] 3.21 0.00043] 0. 189 1.58 1.70
15 {comp5s 15 15.33] 15.51] 85.72] 282 3.64 0.00051/ 0.00000282  2.03 1.28
18 [comp7 14.87] 15.15] 15.35] 3.26. 1.32] 278 0.00048! 0.00000132 2.47 2.11
17 [compe 14.94] 15.22] 15.42[ 389 198 3.38 0.00048] 0.00000108 1.98 1.71
18 Jeompi1] 15.23] 15.47] 15.88] 2.18 0.84] 2.04 0.00045| 0.00000084,  2.60 2.43
19 Jcomp13| 15.31| 15.88] 15.78] 3.8 1.91 3.07 0.00047! 0.00000191 2.04 1.61
20 [comp15] 14.73] 15.02 15.2] 3.07.  1.48] 2.80 0.00047! 0.00000145 2.12 1.86
21 [comp17| 14.84] 15.18] 15.33 48  1.81 2.45 0.00049; 0.00000181 2.54 1.35
22 [compif| 14.65] 15.03 152 4.81 1.7 2.77 0.00055 0.0000017 2.83 1,83
23 Jeomp21| 15.22] 15.52] 15.73 3.9, 1.48] 3.87 0.00051] 0.00000146, 2.67 2.65
24 !
25 Jpwr1 -15.39] -15.19] -14.82| 558  2.59 4.3 0.00047. 0.00000259,  2.15 1.66
28 lpwr3 | -15.08| -14.84| -14.65| 4.19 2.93 3.85 0.00041| 0.00000203_  1.43]  1.31
27 [pwrs -15.32! -15.11] -14.85 4.3 253 4.04 0.00047 | 0.00000253,  1.70 1.80
28 [pwr7 -16.12] -15.91] -15.55] 6.92° 276 6.15 0.00087| 0.00000276  2.51 2.23
29 [pwro_ | -16.15] -15.91] -15.5] 858  2.81 7.77 0.00065_ 0.00000281,  3.05] 2.77
30 Jpwr11 -18.2 -18] -15.76] 6.13. 3.02] 3.94 0.00044' 0.00000302 2.03 1.30
31 lpwr_ng_ ~-16.07| -15.83] -15.5 6.4 238 553 0.00057, 0.00000238 280, 232
32 |pwr1s | -15.23] -15.03] -14.85] 3.61. 2.05] 2.52 0.00038 0.00000205 1.76 1.23
33 |pwr17 | -16.08] -15.86] -15.49] 6.32. 2.01 8.58 0.00059: 0.000002¢1 217 2.25
34 [pwr1o | -16.08] -15.88[ -15.63] 520 3.27 4.24 0.00045. 0.00000327. 1.62] 1.30
38 Jpwr21 | -16.05] -15.83] -15.55] 4.83 2.79] 4.09 0.0005] 0.00000279  1.73 1.47
38 i 1 __] .
37 lexh2 | 14.84] 15.16] 15.33] 2.80 0.81 1.58 0.00049: 0.00000081.  3.57 1.95
38 lexha 14.81] 15.00] 15.27] 2.77. 1.46] 2.26 0.00046! 0.00000146:  1.90 1.55
39 [exhs 15.31] 15.63] 15.82] 4.44 1.66] 2.53 0.00031; 0.00000188,  2.87 1.52
40 Jexh8 14.72] 15.04] 15.28] 3.47 0771 3.31 0.00054] 0.00000077, 4.51% 4.30
41 jexh10 14.72] 15.01] 15.21] 3.01 0.86] 2.34 0.00049i 0.00000086.  3.50 2.72
42 lexh12 15.26] 15.55| 15.72] 385 1.33 1.52 0.00046; 0.00000133'  2.87 1.14
43 Jexnis 15.18] 15.48] 15.87] 2.34. 0.74] 2.43 0.00049, 0.00000074!  3.16 3.28
44 [oxh18 14.9] 15,19 i5.4] 3.54 1.36] 235 0.0005/ 0.00000136  2.80] 1.73
48 jexh20 15.08] 15.38] 15.54 2.02] 1.25 2.69 0.00048] 0.00000125; 2.34 2.15
48 lexh22 15.14, 15.4% 156 2.7 146 217 0.00046 0.00000146 2,03 1.49
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A | B C D E F [] H 1 J K
1_|SBPM30F
2
3 |stroke |x1 x2 x3 2 y3 b (m) ho (m) am? am2
4 |int2 -15.33] -15.12| -14.87 28] 1.34] 3327 0.00048] 0.00000134] 2.09] 2.44
8 lint4 -15.28] -15.08] -14.8] 3.18] 0.99 2.9 0.00048] 0.00000099] 3.21] 2.03
8 linte | -15.11] -14.93] -14.59] 2.44] o0.78] 3.75 0.00052] 0.00000078] 3.13] 4.81]
7 lints -15.35] -15.14] -14.86] 3.53] 0.33] 2.54 0.00049 0.00000033] 10.70] 7.70
8 lint10 .15.21] -15.03( -14.77] 2.39] o0.98] 2.19 0.00044] 0.00000008] 2.49] 2.28
9 lint12 -15.25] -15.08] -14.79] 3.11] 1.26[ 2.88 0.00046] 0.00000128] 2.47| 2.27
10 Jint14 -15.19| -14.97| -14.72 2.81 1.36 2.83 0.00047| 0.00000136 2.07] 1.83
11]int16 -15.24) -15.03] -14.77| 3.78] 227 3.83 0.00047] 0.00000227| 1.68] 1.89
12 ]int18 15.27] -15.07] -14.79] 1.7% 0.3 1.8 0.00048] 0.0000003] 5.70] 8.33
13 [int22 -15.19| -14.99] -14.73] 3.08] 1.64] 3.07 0.00046] 0.00000164] 1.88] 1.87
14 .
18 |comp? 14.02] 15.24 154 388 1.72] 2.43 0.00048] 0.00000172] 2.26] 1.42
18 fcomp3 14.9] 15.15] 15.31 2771 .78 2.3 0.00041] 0.00000178] 1,56 1.20
17 JcompS 14,99 153 1547 564] 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 [comp9 14.94] 1525 15.42] 3.83] 2.03] 3.3% 0.00048] 0.00000203] 1.04] 1.63
20 |comp11 15.23 15.5] 15.68] 2.28 0.8] 1.e1 0.00045| 0.0000008] 285 2.01
21 |comp13 14.75] 15.03 15.2 22] 1.13] 2.04 0.00045] 0.00000913] 1.95] 1.81
22 [comp15 14.73] 15.01] 1519 3.07 1.38] 2.58 0.00046| 0.00000138]  2.22| 1.87
23 [comp17 1484 15.17] 15.33] 455 1.95] 2.38 0.00049] 0.00000195] 2.33] 1.22
24 [comp1o 14.65] 14.09] 15.18] 4.84] 1.74] 2.68 0.00053] 0.00000174] 2.67] 1.54
25 [comp21 15.22 1554 15.73] 3.8 1.34] 3.75 0.00051] 0.00000134] 2.88] 2.80
28
27 Jpwr1 | -15.38] -15.2] -14.92] 5.23] 242 4.02 0.00047| 0.00000242] 2.18 1.68|
28 lpwr3 15.19) -1491] -14.7| 4.44] 273 3.7 0.00041] 0.00000273] 1.63] 1.3
29 |pwr5 | -15.35] -15.13] -14.84] 5.06] 239 4.03 0.00051] 0.00000239] 2.12[ 1.69
30 lpwr7 -18.12] -15.8] -15.586 6.7 2.38] 5.91 0.00056] 0.00000238] 2.82| 2.48
31 [pwre_ | -15.25] -15.08] -14.81 358] 193] 1304 0.00044| 0.00000193] 1.85] 1.38
32 [pwr11 116.13] -15.93] -15.684]  5.75] 2.88] 5 0.00049] 0.00000288] 2.00| 1.74
33 Jpwr13 .16.11] -15.87] -15.55] 8.89 2.2 5.03 0.00056] 0.0000022] 3.95] 2.20
34 |pwris -14.92| -14.71] 1455 3.34] 1.54] 222 0.00037] 0.00000154] 2.17| 1.44
35 lpwri7 -18.1] -15.91] -15.5] 6.84] 2.72] e.58 0.0008! 0.00000272] 2.51| 2.41
36 [pwri9 .18.11] -15.91] -15.85] 5.98] 3.31] 4.44 0.00048] 0.00000331] 1.81] 1.34
37 lpwr21 -15.77| -15.81] -15.34] 4.44] 2.74] 364 0.00043] 0.00000274] 1.62] 1.33
38
39 JexhZ 14.83] 15.14 15.3]  3.01] o0.82] 1.01 0.00047] 0.00000082] 3.67] 1.23
40 lexh4 14.8 151] 15.26] 2.65| 1.20 2.2 0.00048| 0.00000129] 2.05] 1.71
41 [exhs 15.31] 15.63] 1582 4.17] 1.56] 244 0.00051] 0.00000156] 2.67] 1.56
42 Joxh8 14.74] 15.03] 1525/ 323 o0.54] 3.18 0.00051] 0.00000054] 5.98| 5.85
43 lexh10 14.73] 15.02] 15.2% 2.86] 0.68) 208 0.00048] 0.00000088] 4.21] 3.08
44 exhiz | 14.89] 14.96] 1548 2.47] 117 1.8 0.00048] 0.00000117] 1.85| 1.37
45 jexh14 1515 15.44] 1563 282 o058 1.79 0.00048] 0.00000058] 4.34] 3.09
46 lexh1e 14.80] 15.18] 15.36] 3.43] 1.52] 204 0.00047] 0.00000152] 2.26] 1.34
47 [exh20 15.07] 15.34] 15.54 285 1.28] 2.8 0.00047| 0.00000128] 2.23] 2.33
48 [exh22 15.21] 15.49] 15.71 3.47] 151 t.88 0.0005| 0.00000151] 2.30] 1.25
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A | 8 ] ¢ | p | E | F [ H 1 J T ¥
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2 1
3 |stroke x1 x2 x3 y1 'y2 b (m) ho (m) amt _ igam2
4 Jint1 1572 -14.93_ 7486 324 173/ 316 __ 0.00047| 0.00000173| 1.87, 1.83
8 lint3 -15.22° -1503  -14.74  3.18  1.68] 2.83 0.00048| 0.00000168] 1.89 1.68
6 [int5 152 16 _.14.69_ 292 1.73] 4.08 0.00051] 0.00000173] 1.69 2.38
7 lint? -15.07. -14.89 -14.87 3.41 2.22] 3.32 0.0004] 0.00000222] 1.54  1.50
8 lint9  -15.00 -14.9  -14.88 __2.84_ 1.84] 2.67 0.00043] 0.00000184] 184 1.73
9 linti1__ .15.27 -15.07_ _ -14.86_ 354 245 339 0.00041| 0.00000245] 1.44 1.38
10 |int13 | .15.15 .14.94, -14.65 3.03 _ 1.8% 3.9 0.0005] 0.00000185] 1.84  2.19
11[int15 | .15.07, -14.86  .14.82__3.80 2. 23}_3 RT) 0.00045] 0.00000222] 1.75  1.42
12 {int17 . -15.29 .15.09 -14.81. 3.63 2.01] 2.48 0.00038] 0.00000201 1.89] .23
13 int19 | -152 15 -14.78___3.61, 2.08] 3.2 0.00042] 0.00000208] 1.74, 1.54
14 1 x 0 | —
18 [comp2 | 15.18. 1553, _15.71 _5.08_ 2.69] 4.89 0.00055| 0.00000269] 2.22' 1.74
18 jcompa | 15.08  15.43 15.61  532. 198 4.18 0.00033] 0.00000198] 2.69. 2.10
17 lcomp8 . 14.97 15.32 1551 6.25 2.82 4.72 0.00084] 0.00000282] 2.22. _1.67
18 |comp8 | 1487 1533 __ 1551 733 1.73] 4.37 0.00084] 0.00000173] 4.24 _ 2.83
18 [compi0. 149 15.3 1548 720 312| 4.09 0.00086] 0.00000312] 2.34. 1.31
20 Jcompi2 1548 1551 1560 567, 28| 3.99 0.00054] 0.0000028] 2.03: 1.43
21 jcomp1d  14.04 1539 1555 6.55  2.01] 342 0.00081| 0.00000201] 3.26, 1.70
2 [compis 15.3  15.71 159 6.86 237 3.48 0.0008] 0.00000237] 2.81 1.47
23 lcompi8._ 15.04 _ 15.37 1556 6.37. 3.08)] 5.5 0.00054] 0.00000306] 2.08. 1.80
24 Jcomp20_ 152 15.53 1574 436 1.52| 3.53 0.00084| 0.00000152] 2.87. 2.32
L, !‘ i
28 lpwr?__ 14,86 -14.88__ -14.45 3.3 2.15] 321 0.00043] 0.00000215] 1 53 "~ 1.49
27 [pwrd  -14.70 -14.62  -14.47 207 1.4 1.7 0.00032]  0.6000014] 1.48° " 1.21
8 [pwr8  14.92 1471 .14.54 3.51. 178 2.47 0.00038] 0.00000178]  1.87  1.39
Olowr8 1496 -14.76 14,83 2.05 1.34] 171] " 0.00033] 0.00000134] 153 .28
0 Jpwr10  .14.93 -14.73. 1455 264 1.54] 2.37 0.00038] 0.00000154] 1.71, 1.84
31lpwr12 1481 146 .14.34  3.94 176] 362/ 000047 0.00000178] 224  2.08
32 lpwrid 1515 -14.63 147 3.9 1.0a] 3.24] 0.00045| 0.00000194]  2.01] 1.67
33 [pwri8  .15.05 .14.88  .14.59 283 _ 1.36 2.5 0.00048] 0.00000136] 2.15  1.84
34 |pwri8 -i5.06. -14.83 -14.56 2.53 _0.92] 2.48 0.0005] 0.00000092] 2.75 2.7
38 jpwr20 ~ .15.13 -14.94  .14.78 3.5 236 2.77 0.00035| 0.000002368] 1.33° "1.17
38 : |
37 jexht  15.41 15.78 1595 4.24 1.44] 2.38 0.00054] 0.00000144] 204 1.84
38 |exh3 1497 15.3 15.48 5 1.99] 385 0.00051| 0.00000109] 281 1.98
39 |exh5 1516 1549 1567 4.57, 1.85] 3.05 0.00051] 0.00000185] 247 1.85
40 lexn7 . 1583 5.9 16.08 3.47, 1.28] 28 0.00045| 0.00000128]  2.71  2.03
47 |exhit 1404 1544 156 8.63  2.73 5.2 0.00088] 0.00000273] 3.186 _1.90
42 |exhil 1518 15.48 1565 419 2.85| 3.76 0.00047| 0.00000255] 1.84 1.47
43 lexhis 1546 15.72 1591 3.73  1.99] 32.45 0.00045| 0.00000199] 1.87  1.23
44]exn17 . 1404 15.35 1554 609 21| 439 __ 0.0008] 0.0000021] 2.90 2.09
48 lexh19 . 14.97 15.38 1553 6.81__2.68] 3.49] __ 0.00058] 0.00000268] 2.48  1.31
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3 Istroke |x1 x2 x3 1 y2 3 b (m) ho {m) gami _|gam2
4 lint1 | -15.34] -15.14] -14.95 214 188 175 0.00039| 0.00000188 1.14| 0.93
§ lint5 -15.33] -18.14]| -14.9] 0.72 053] 1.35 0.00043| 0.00000052. 1.38] 2.60
8 _|int7 -15.29] -15.14] -14.96] 0.36 012, 0.83]  0.00033] 0.00000012 3.00| 5.25
7 linte -15.16] -14.98] -14.82] 0.57 0.22] 0.61 0.00034| 0.00000022 2.58] 2.77
8 lint11 15.4] -15.18] -15.01] 0.85 0.17] 0.93 0.00039] 0.00000017 5.00] 5.47,
® Jintis | .i5.1] -14.02] -14.67] 274 1.63] 288 0.00043] 0.00600163_ 1.31] 1.7
10 !
11 Jcomp2 | 15.94] 16.21] 16.38] 3.28  1.84] 1.88 0.00044| 0.00000184 _ 1.77|  1.02
12 |comp4 18] 18.21] 18.37] 3.14 2.33] 2.5% 0.00037| 0.00000233 _1.38] 1.09
13 [comp8 1580 16.07| 16.21| 1.96 1.51] 1.59 0.00032| 0.00000181, 1.30] 1.05
14 Jcomp8 15.82] 18.11] 16.28] 39 1.73] 2.08 0.00048] 0.00000173: 2.25| 1.20
18 [compi0| 15.80] 16.00] 1626 261 1.7 1.92 0.00037| 0.0000017, 1.54] 1.13
16 Jcomp12] 15.83] 15.96] 16.17, 2.43 2] 244 0.00034]  0.000002, 1.22] 1.22
17 jcomp14|  15.89] 18.14| 16.28] 3.54 252 2.52 0.00039| 0.00000252  1.40]  1.00
18 jcompi8] 15.83] 18.06] 16.2] 3.27 2.13] 2.39 0.00037] 0.00000213. 1.54] 1.12
9 [compi8[ — 16.05 16.3] 16.48] 3.37, 2.26 2.6 0.00043] 0.00000228 1.49| 1.15
20 lcomp20| _16.08] 16.32| 1e.49| 2.88 2] 228 0.00043]  0.000002. 1.44] 1.13
21 )
22 |[pwr2 | -14.97| -14.77] -14.5] 1.3 0.74] 285 0.00047{ 0.00000074 1.76 s.‘a?l
23 |pwrd 15.11| -14.93 -14.77] 1.28 1.1 _1.45 0.00034| 0.00000116__ 1.10| 1.28
24 [pwré | -15.01] -14.84| -14.87| 2.2 1.28] 1.88 0.00034] 0.00000128  1.72] 1.48
28 jpwr8 14.9] -14.72] -14.57] 1.61__ _1.23] 1.56 0.00033] 0.00000123 __ 1.31] 1.27
28 |[pwri0 | -14.95| -14.79] -14.6] 2.18 1.66] 2.24] 0.00035] 0.00000168 1.31] 1.38
27 lpwr12 | -14.94] -14.78 -14.71] 1.82  1.13] 1.18 0.00023] 0.00000913  1.43]  1.04
28 [pwrid | -14.91| -14.75 -14.47| 1.48__ 093] 245 0.00044] 0.00000093 1,59 2.63
29 |pwr18 | -14.89) -14.74/ -1457, 1.68 153} 203  0.00032] 0.00000151 1.11] 1.34
30 |pwr18 | -14.72] -14.55] 14.37] 1.8 1.31] 1.49 0.00035] 0.00000131 _ 1.37| 1.14
31 n!!W'Z’Qw -14.94) -14.8; -14.63} 1.11 0.96] 1.34]  0.00031] 0.00000096 1.18] 1.40
32
33 lexhl 15.22 15.8] 15.79] 5.48 152 226 0.00057| 0.00000152 3.61] 1.49
34 lexh3 | 15.66| 1593 16.1] 1.88 0.85| 1.1  0.00044/ 0.00000085 221 1.29
35 lexh5 15.44] 15.72|  159] 181 0.47] 1.43 0.00046| 0.00000047 3.85] 3.04
38 lexh7_ | 15.5] 15.79] 15.83| 1.48  0.25| 0.25 0.00043! 0.00000025 §.92| 1.00
37 lexh9 15.47] 15.77| 1594 1.38°  0.19] 0.42 0.00047| 0.00000019 7.18] 2.21
38 lexhid 1657 1506[ 1845 1.33 017 0.38 0.00045| 0.00000017 _ 7.82| 2.24
390 fexh15 15.32 1571 1587 5.05 _1.28] 1.67 0.00055] 0.00000129 3.91] 1.29
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2y } L i
3 [stroke b ticks h1 ticks ho tickqh2 ticksib (m) lho (m) am1 gam2
4 finty, 14 1.87 1.1 1.85] 0.0003626 1.81E-08) 1.70° 1.50
S [int3 1 222 203 2.08 0.000259 2.96E-08] 1.00 1.02
e Jints5 | 081  2.07,__1.79] _ 1.8] 0.00020979: 261E-08] 1.16 1.08
7 linty 14 312 2.37] "2.73] 0.0003626 3.46E-08] 1.32 1.15|
8 linte 1.22 2.08  1.69 1.89| 0.00031598 2.47E-08{ 1.23.  1.12
9 [int11 132 27 217 ~ 2.49] 0.00034188_ 3.17E-08] 1.24' 1.15
10 [int13 1.28. 2.91. 247 2.68| 0.00033152 3.61E-08] 1.18. 1.09
11 Jint15 1.18; 2.18] 1.83 2.08] 0.00030562! 2.e7E-06 1.19] 1.13
12 lint17_ 1.26) 2.37  1.08 2.28| 0.00032634] 2.80E-08] 1.20 1.15
13 Jint10 1.26. 2.05  1.48 1.85] 0.00032634] 2.16E-08] 1.39. 1.25
14]int21 | 08 2.2 1.9 1.98 0'00020724; 2.77E-08]  1.120  1.04
18 L L i
16 jcomp4 09  1.28  1.05 1.18] 0.0002331; 1.53E-08] 1.22° 4.12
17 |comps 1.48, 2.02  1.42 1.74] 0.00038332] 2.07E-08] 1.42! 1.23
18 [comp8 . 1.23 1.42.  1.02 1.25| 0.00031857, 1.49E-08] 1.39° 1.23
10 [comp1o | 1.68° 2.09 1.29 1.57| 0.00043512] 1.88E-08] 1.62, 1.22
20 |comp12 1.87. 2.03' 1.28 1.58] 0.00043253 1.87€-08] 1.59. 1.23
21 jcomp1d | 1.50 208 1.31] 1.58] 0.00041181. 1.91E-08] 1.59, 1.24
22|compie | 169 182 o0.9] 1.18] 0.00043771. 1.31E-08] 2.02] 1.31
23 |compi8 1.29 1.6 1.31 1.54] 0.00033411, 1.01E-08] 1.27. 1.18
24 Jcomp20 © _1.7:  2.22 122 1.58] 0.0004403 1.78E-08] 182  1.30
28 lcomp22 1.72 214 118 1.55| 0.00044548. 1.72E-08] 1.81 1.31
26 . | j
27 lexp2 ~ 1.38 196 1.48]  1.83] 0.00035742  2.18E-08] _ 1.32 _ 1.23
28 Jexps 1.18 1.85  1.42 1.76] 0.00030562 2.07E-08] 1.30) 1.24
20fjexp6 132 2,07 1.53 1.92] 0.00034188° 2.23E-08] 1.35, 1.25
30 [exps 1.20 1.83 1.3§ 1.69] 0.00033411. 1.97E-06 1.3  1.25
31jexp10 | 1.87. 2.42 1.53] 2.28] 0.00043253] 2.23E-08] 1.58' 1.49
32lexp12 | 132 2.05_ 147 1.84] 0.00034188 2.18E-08] 1.39] 1.25
33 lexpts .78 243  1.82 2.18] 0.00048102 2.37E-08] 1.50° 1,33
34 [expi8 1.22 248 2.03 2.28] 0.00031598 2.08E-08] 1.22  1.12
35 lexpis 1.35 234 1.88 2.18] 0.00034965 2.74E-08 124, 1.16
386 lexp20 138 233 1.74] 2.19| 0.00036001 2.54E-06; 1.34  1.26
37 |exp22 1.38 2.25: 1.5 2| 0.00035742° 2.19E-08 1.507‘ 1.33
38 : X . ; i
39jexht | 168 246  1.63] 1.098; 0.00043008: 2.36E-08] 1.5,  1.21
40texh3 | 1.38 1,77 1.32 1.7| 0.00035328 1.91E-08] 1.3 1.29
41 lexns 1.68 2.17°  1.48 1.73] 0.00043008 2.15E-06 1.47 117
42 lexh? 1.76, 2.6 1.83 1.8] 0.00045056 2.38E-08] 1.80 1.10
43 |exhg 1.25 1.79.  1.52 1.65 0.00032 2.20E-06] 1.18  1.09
44 fexh11 1.18 1.7 1.4 1.58] 0.00030208 2.03E-06 1.2, 1.1
45 [exh13 1.7% 24 158 1.88] 0.00043776.  2.29E-08] 1.2, 1.20
48 lexh17 1.39 2.35 1.88) 1.97] 0.00035584 2.73E-08] 1.25] 1.05
47 |exh19 1.59° 2 1.2 1.54] 0.00040704: 1.74E-06] 1.67 _ 1.28|
48 jexh21 1.6 2.24 142 1.73[  0.0004098  2.08E-08 1.5 1.22
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3 Istroke b ticksih1 tickslho ticks|h2 ticksib (m} ho {m) —Tgnm1 gam2
4 lint2 | 1.21] 1.82] 1.38] 1.5] 0.00031338] 2.01E-08, _1.10° __ 1.09|
8 Jinta 1.2 1.31 1.13 1.27 0.0003108| 1.65€E-08 1.16 1.12
8 jinte | 098 1250 1.03; 1.1 0.00024864) 1.50E-08 1.2  1.07
7 _lint8 098] 1.42]  1.25] 1.31| 0.00024864] 183E-08, 1.4, 105
8 lint10 1 1.58]  1.32]  1.41 0.000259] 1.93E-08]  1.20 1.07
9 linti2 6.94] 1.51 1.3]1.38] 0.00024346] 1.90E-06 .16 _1.06
0 linti4 0.72] 1.85] ~ 1.58] 1.72] 0.00018848] 2.31E-08] _1.17, 1.09
11 [int18_ | 0.83] 1.57| 1.38] 1.49 0.00021497] 2.01E-08] 1.14. _1.08
12fini8 | 1.04] _ 1.47] 1.26] 1.20| 0.00026038] 1.84E-08  1.17, 1.02
13 Jint20 0.88 1.5]  1.20]  1.47] 0.00022792] 1.88E-08] 1.18,  1.14
14 |int22 1.08]  1.49 1.2| _1.38] 0.00027454] 1.7SE-08] _ 1.24 _ 1.15
18 |
18 Jcompl 1.24] 1.857] 0.7 1.08] 0.00032116| 1.42E-08, .62 111
17 leomp3 18] 1.21] 0.8 1.12] 0.00030562] 1.45E-08] 1.22  1.13
18 |[comp3 1.3 1.86] 1.18[ 1.37{ 0.0003367| 1.72E-08, 1.32° 1 18
19 [comp?7 | 1.25] 1.18] 0.98 1.3 0.00032375] 1.43E-08 1200 1.12
20 |compd 1.2 114 1.08 1.1]_ 0.0003108] 1.58E-08 __1.08 _ 1.02
21 |comp11 | 1.21] 1.67| 1.22] _1.36] 0.00031339] 1.78€-08.  1.37 _ 1.11]
2 [comp13 14] 179 1.2] _1.5a4] 0.0003628] 1.75E-08] 1.49.  1.28
28 lcomp15 | 1.17]  1.35|  1.07] 1.22| 0.00030303] 1.56E-08  1.26.  1.14
24 compi7 | 1.21] ~ 1.69|  1.48] 1.57| 0.00031339[ 2.18E-06 114  1.08
28 [compi9 1.16 1.41 1.21 1.33] 0.00030044] 1.77E-08, 1.17 1.10
28 Jcomp21 | 1.368] 1.21] _ 0.78] 1.03] 0.00035224] 1.14€-08,_ 1.55 _ 1.32|
27
28 jexpl 1.1 1.3 0.92] 1.03] 0.00028749] 1.34E-08 __ 1.41 __ 1.12
29 [exp3 | 0.81] 1.14] 1.02] 1.08] 0.00020879 1.49E-08  1.12, _1.08
30 |exp5 0.8 1.05] " 0.86]  1.01] 0.0002072] 1.40E-08, 1.068 _ 1.05
31 Jexp7 | 0.75[ 1.00] 0.88] 1.05] 0.00019425] 1.266-08, _1.24 _ 1.19
22 Jexpd | 0.85] 1.28]  1.02] 1.16] 0.00022015] 1.49E-08  1.24 _ 1.14
23 lexpid 0.96| 1.08] 0.92] 1.05] 0.00024864] 1.34E-08 _ 1.17 __ 1.14
34 lexp13 | 0.98] 1.07| 0.93] 105/ 0.00025362| 1.36E-06 _1.15 _ 1.13]
38 lexpt5 0.98] 0.88] 0.72]  0.83] 0.00025382] 1.05E-08 1.22 _ 1.1§
36 Jexp?i7 | 098] 1.28] 1.41] 1.17{ 0.00025382] 1.62E-08.  1.15  1.05
37 jexpid | ©0.78| 0.7 0.87] 0.80] 0.00020202 1.27E-06 _ 1.11 __ 1.02
38 lexp21 0.8 1.02] 0.3 0.9] 0.0002072] 1.21E-08___ 1.23 __1.0R
39
40 lexh2 | 123] 133] 91.16] 1.22] 0.00031488| 1.68E-08| _ 1.15 _ 1.08|
41 [exhda | 1.28] 1.42] 1.18] 1.33] 0.00031488] 1.71E-08__ 1.20__ 1.13
42 |oxh6 1.36] "1.28] 1.2 24| 0.00034816] 1.82E-08:  1.13  1.11
43 |exh8 108 121 0.99 1.2] 0.00027648] 1.44E-08 _ 1.22 _ 1.21
44 [exhi0 1.22] 086 0.73] 0.79] 0.00031232] 1.06E-06, 1.18. _ 1.08
48 Jexhi2 1.2 1.32 0.9 1.11] 0.0003072] 1.31E-08 _ 1.47, 1.23
48 Joxh14 1.3] 1.41] 1.24] 1.33] 0.0003328] 1.80E-08, 1.14 _ 1.07
47 lexn18 1.32] 1.83] 1.37] 1.51| 0.00033792] 1.99E-086 _ 1.12,  1.10
48 lexhi8 1.18]  1.45] 1.22] 1.31] 0.00030208] 1.77E-08. __1.19 _1.07
49 Joxh20 11| 1.38] 11 1.3] _0.0002816] 1.60E-08, 1.25.  1.18
80 Jexh22 1.08 1.2 0.89 1] 0.000276848] 1.20E-06 _ 1.35 1.12
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A | B ¢c | o | E [ a H |
1_|SMPS15.X T B B —
2 ;

3 [stroke b ticks |[h1 ticks ho ticksh2 ticks|b (m) ___ |ho (m) sami__gam2
4 |int2 321308 3.1 0.0002331 4.50E-08] 1.0a 1.0
3 Jint4 T3 2.6 2.79] 0.00027195]  3.80E-08] 1.15 _ 1.07
8 |inte _ 1.28] 3.88] 0.00033152] 5.27€-08] 1.0 _ 1.07
7 |int8 387 " 34 _ 3.a7| 0.00026677| 4.08E-08] 1.05 _ 1.02
8 lint10 392 3.80  3.82] 0.00024087] 5.30£-08] 1.06  1.04
9 _|int12 333 303 3.00] 0.000250 4.42E-08] 1.10 _ 1.02
10 Jint14 4.03 3.67  3.79] 0.00024884] 5.38E-08] 1.10 _ 1.03
Y1 |inti6__  1.08] 3.33 _ 3.08__ 3.21| 0.00027454] _ 4.50E.08] 1.08  1.04
12 |imi8 _ 1.23] 3.22] _ 2.04 __ 3.11] 000031857 _4.20E-08] 1.10] 1.08
13 |int20 | 1.02]  3.35 3.03 _ 3.18] 0.00026418] 4.42E-08] 1.11, 1.05
14 int22 | 0.98] 3.71 3.11___ 3.24| 0.00025382]  4.54E-08] 1.19. 1.04
15 ! i [ 1
16jcompl ___ 1.71| 249 __1.76___ 1.97| 0.00044289| 2.57E-08] 1.41 112
17 comp3 __ _1.88] 271 1.7, 2.1] 0.00043512] 2.88E-08] 1.38 _ 1.07
18 jcomp5 1.78] 3.83__2.55 _ 3.42] 0.00048102] __ 3.72E-08] 1.80 _ 1.34]
190 Jcomp7 1.37] 3.32 2.73___ 2.08] 0.00035483| 3.00E-08] 1.22 1.08
20 lcomp® 1.16 2.4 217 2.32] 0.00030044] 3.17€-08] 111 1.07
21 |compil . 1.4] 2.52 2 2.21| 0.0003626] 2.92E-08] 1.26 1.1
2lcompid  1.88] 272 _2.02. _2.33] 0.00042904] 2.95€-06]| 1.35 1 _1.'%
23 Jcomp1? 1.73]  2.79 1.7 2.04] 0.00044807| 2.48E-08] 1.84  1.20
24 [comp1®  1.53] 2.52  1.87 _ 2.09| 0.00039827] 2.73E-08] 1.35 _1.12
28 |comp21 1.76| 3817 298 3.20] 0.00045384] 4.35E-08] 1.28 _ 1.10
26 ‘
27 lexpt | 151 1.97. 1.20. _1.88] 0.00039109| ~~ 1.88E-06] 1.53 _ 1.30
28 lexp3 1.28]  2.37 195 2.18] 0.00033152]  2.85E-08] 1.22 1.12
29 [exp5 0.98] 216 _ 185 1.97] 0.00025382] 2.70E-08| 1.17  1.06
30 |exp7 0.9 216 1.60  1.74] 0.00025641 2.47E-08] 1.28  1.03
31 jexpp __ 0.92] 1,78 152 1.63] 000023828 _ 2.22E-08] 1.7 __ 1.07
32 |expi1 107 197 1.8 1.0| 0.00027713] 2.63E-08] 1.09 1.08
33 Jexp13 1.02]  1.98 1.1 1.7] 0.00026418] 2.3SE-08] 1.22 1.08
34jexp’5 ~ 0.83} 2.25 1.99  2.02| 0.00021497( _2.91E-08| 1.13 1.02
38 jexpl7 1.78 1.89 1.57 1.75] 0.00046102 2.29E-08 1.20 1.11
26 [expio 1.01] 1.78 1.5 1.62] 0.00026159] 2.10E-08] 1.10_ 1.08]
37 lexp21 | 1.17| 1.88  1.59_ _ 1.82] 0.00030303]  232E.08] 1.18 _1.14
38 '
30jexn2 __  1.20] 2.19 1.9 2.1] 0.00033024] 2.78E-08] 1.15  1.11
40 lexha 122| 257 225  2.47| 0.00031232] 3.26E-08] 1.14 _ 1.10
41 |exh® 1858 282 215 2.37| 0.00040448] _ 3.12E-08] 1.31. 1.10
42lexh8 - 1.15[ 232 202 217 0.0002944] 2-9357‘29%'-1_-1?* _1o?
43 |exh10 1.06 22 1.98  2.12| 0.00027136] 2.87E-08] 1.11__1.07
44 jexh12 _ 1.50| 2.87, 1.81 _ 2.08| 0.00040704] 2.62E-08] 148  1.14
48 lexhia 1.3 25 218 2.4] 0.0003328] 3.18E-08] 1.15. 1.10
48 foxnie  1.27] 2.2 1.89 2.1] 0.00032512] 2.74E-08] 1.161 1.1
47 jexh18  1.58] 272 2.02  2.48] 0.00040704| 2.03E-06] 1.35 123
438 |exh20 1.4 " 222" 203 2.07] 0.0062818] 2.94E-06] 1.09 1.02
49 lexh22 1.28] 2.7\ 2.22 2.5] 0.00032768]  3.22E-06] 1.22, _ 1.13
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A | B! ¢ D [ [ Q | L
SMPS30.X ] !
i |
troke |b ticks :h1 ticksjho ticks (h2 ticks|b (m) ho (m) igamt gam2
int2 0.78 1.7 1.5 1.57] 0.00020202 2.19€-08. 1.13)  1.08
intd 0.9, 1.93 1.74 1.83]  0.0002331 2.54E-06] 1.11] 1.05
int@ 098 1.72 1.48 1.56] 0.00025382 2.16E-08' 1.16]  1.05
int8 089  1.69 1,52 1.64] 0.00023051 2.22E-080 1.11;, 1.08
int10 0.87  1.95 1.88 1.92| 0.00022533 2.72E-08, 1.05.  1.03
Int12 0.99 1.78 1.51 1.8] 0.00025641 2.20E-08  1.18 1.08
int14 0.96.  1.86 1.67 1.79{ 0.00024864 2.44E-08]  1.11 1.07]
int18 0.96 2.33 2.16 2.2] 0.00024884 3,15E-08, 1.08, 1.02
int18 0.96.  1.69 1.82 1.61] 0.00024864 2.22E-06]  1.11] 1.0
int20 0.08  1.52 1.41 1.46] 0.00025382 2.08E-08] 1.08]  1.04
4 {int22 1.04.  1.82 1.87 1.71] 0.00026936 2.44E-08] 1.09 1.02
1
compl | 1.22__ 1.23[ o0.88 1.08] 0.00031598 1.26E-08, 1.43 1.23
comp3 1.08, 1 0.85 0.87] 0.00027454 1.24E-08'  1.18 1.02]
comp5 113 1.18 0.93 1.08] 0.00029267 1.36E-08 1.24] 1.1
comp? 1.31, 143 1.17 1.35] 0.000339290 1.71E-08]  1.22] 1.8
comp9 1.29 1.1 0.82 1.02| $.00033411 1.20E-06] 34 1.24
comp1l | 1.07 _ 1.28] 1.06 1.17] 0.00027713 1.55€-08] 1.22] 1.10|
lcomp13 1.08  1.27 1,01 1.17] 0.00027972 1.47E-08, 1.26] 1.16
comp15 1.23 .34 0.95 1.08] 0.00031857 1.30E-08  1.41. 1.12
comp17 1.21 48 1.16 1.28] 0.00031339 1.89E-06, .28; 1.10
comp19 1,23, 48 1.26 1.42{ 0.00031857 1.84E-08° A7 1.13
comp21 | 1.25 29 1.03 1.2] 0.00032375 1.50E-08, 25 1.7
oxp1 0.96 .24 1.08] 1.19! 0.00024884]  1.55E-08  1.17 1.12
exp3 0.88 .42 1.29 1.35] 0.00022274 1.88E-06' .10 1.05
exp5 0.9 .67 1.48 1.49]  0.0002331 2.18E-06 13 1.01
exp7 0.84 .35 1.12 1.13] 0.00020879 1.64E-08 211 1.01
exp9 0.95 .85 1.39 1.53] 0.00024805 2.03E-08] 48 1.10
exp11 0.91 .37 1.3 1.35| 0.00023569 1.00E-06  1.05 1.04
exp13 0.9 78] _ 1.58 1.68] 0.0002337 231€-08  1.13]  1.06
oxp15 0.87 .29 1.12 1.17] 0.00022533 1.64E-08' A5 1.04
exp17 0.91. .48 1.4 1.42] 0.00023569 2.04E-08 .08. 1.01
exp19 | 0.89 .61 1.42 1.47] 0.00023051 2.07E-08 .13 1.04
oxp21 0.91 .31 1.2 1.22] 0.00023569 1.75E-08 .09’ 1.02
exh2 1.23 1 0.62 0.88] 0.00031488 8.99E-07/ .81 1.42
exhd 1.4 .28 0.8 1.15] 0.0003584 1.16E-08] 1.60 1.44
exh6 1.29 .09 0.95 1.02] 0.00033024 1.38E-06' RE 1.07
oxh8 1.05: .28 1.09 1.11] 0.0002688 1.58E-08; 17 1.02
exh10 1.28, .28 1.14 1.26] 0.00032768 1.85E-06! 12 1.11
exh12 1.2, 1.21 0.92 1.07] 0.00033792 1.33E-08/ .32 1.18
exhi4 | 1.31. 1.38] 0.81 1.03] 0.00033538 1.17E-08! .70! 1.27]
oxh16 0.82 1.08 0.97 1.02| 0.00020992 1.41E-06 A1 1.05
oxh18 119 1.41 1.18 1.27] 0.00030464 1.88E-06 .22, 1.09
oxh20 127 1.34 1.02 1.17] 0.00032812 1.49E-08 300 1.14
exh22 1.21 1.27 0.99 1.18] 0.00030976 1.44E-08' 28, 147
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A | » [3 D | E Q H [ 1 J K

1_[sBPM15.X ;

2] T i T ! ]

3 [stroke ‘b ticks |h1 ticksjho ticks h2 ticksib {m) ho {m) ‘|gam1  [gam2 |

4 jint1 I 195 6.34] 371 5.22] 505E-04] 5.38E-08. 1.71. 1.41

8 jint3 1.8 5.71 4.60 5.28] 4.14E-04] 6.80E-08 1.22] 1,13

8 [intS | 185 7.61] 5.01 6.11] 4.79E-04] 7.26E-06 _ 1.52. 1.22,

7 {int7 . 1.84] 559] 351 4.49| 4.77E-04] 5.00E-08] 159 1.28 ]
8 (intd | 194 7.00] 4.15 5.13] 5.02E-04] 6.02E-08 1.79] 1.24

9 Jint11 T 182 6.6] 443 5.94] 471E-04] 6.42E-08] 149  1.34

10 |int13 2.08 6.38]  4.12, 6.24] 5.39E-04] *o7E-08] 1.55] 1.51

11]int15 2.30] 7.43] 397 6.2 8.10E-04] .. 8E-08] 1.87] 1.74

121int17 1.98] 6.08] 361 500 5.156-04] S5.23E-08] 1.68] 1.4%

18lint19 | 1.58] 5.52] 419"  4.89] 4.00E-04] 6.08E-08] 1.32] 1.17

14 fint21 | 1.7 6.53 4.oej 4.72] 4.40E-04] 35.80E-08] 1.81] 1.16 )
[k |

16 comp2 198] 556 3.1 4.08] 5.13E-04] 4.50E-08' 1.78! 1.32
17compsa 1 t1.68] 5.28] 3.8 4.28] 4.35E-04] 5.51E-08 1.39] 1.13

18 |comps - 1.72] 4.5% 3.45 372 4.45E-04] 5.00E-08 1.31.  1.08]

19 [comps 1.71]  4.93] 373 4.4 4.43E-04] 5.41E-08] 1.32] 1.18]

20 jcomp10 188 522 4.32 4.84] 487E-04] 6.26E-08 1.211 1.12]

21 Jcompt2 _ 1.81 48] 35 4.05| 4.69E-04] 5.08E-08. 1.37; 1.18

2 |compl4 | 1.98 5.8 3.8/ 4.08] 5.13E-04] 5.22E-08, 158 1.13

23 jcomp18  1.86] 4.68] 3.33 3.8] 4.82E-04] 4.83E-08; 1.43] 1.14

24 [compis .~ 1.86 54| 342 3.9] 4.82E-04] 4.96E-08, 1.58. 1.14

28 |comp20 218] 5.63| 319 5.18| 5.85E-04] 4.63E-08] 1.76 1.62

26 lcomp22 207 5.85 3.56 4.92] 536E-04] 5.16E-08 .64 1.3011

27 ' i &

28 |exp2 v.88] 5.48] 401, 515 4.82E-04] 5.81E-08  1.37, 1.28

29lexpg  1.76] 5.29 3.8 4.79] 4.56E-04] S551E-08. 1.39° 1.28]

30 lexp8 1.48] 4.34]  3.31 3.81] 3.78E-04 4.aoE-oei 1.311 1480
31]exp1o  , 132 43| 377, 4.28] 3.42E-08] 547€-08] 1.14) 113 1
32lexpi2 . 184 458 3.02 387 4.775-6%““4.335-0& 151 1.28

33 jexp14 1.83  5.61 4.03° 4.83] 4.74E-04] S5.84E-08' 1.39° 1.20

34 Jexpis 1.78]  5.38] 3.34° 4.13[ 4.61E-04] 4.84E-06. 1.61' 1.24

35 lexp20 1.89] 5.15] 3.45 4.75] 4.90E-04] 5.00E-06. 1.49 1.38
38 Jexp22  1.79] 4.48] 3.44. 4.05] 4.64E-04] 4.99E-06, 1.30, 1.18

2 I R N R | | ] o
38 istroke  x1 x2 x3 y3 2 y3 b(m) tho (m)—Eam1_P|m2
39 fexh1 " 18.02] 16.28] 16.48' 6.84 5.16 §.78, 0.0005. SE-06  1.28] 1.12
40 [exh3 15.06] 16.27] 18.45 7.38 4.97 5.34, 0.0005' 5E-06, 1.48] 1.07
41fexh5 | 15.98] 18.3] 16.51] 8.74 5.96 7.42; 0.0008/ 8E-08  1.47| 1.24
42 Jexh7 i 18.04| 16.34] 16.53] 7.24 5.27 5.9| 0.0005. SE-08; 1.37| 1.12|
43 |exho " 45.9] 16.28] 1e.48 8.98 5.4 ¢.04] 0.0006 SE-08, 1.88] 1.12
44 Joxn11 15.68] 16.18] 16.4  7.94 5.02 5.84 0.0005] 5E-08, 1.58] 1.18]
45 lexh13 | 15.81] 16.18] 16.37. 7.81 4.28 6.36. 0.0006] 4E-08 1.82] 1.49
46 lexni5 | 15.74] 16.1 16.3 7.73 4.28 6.25 0.0008 4E-08] 1.81] 1.47
47 lexh17 15.74] 16.00] 18.25. 8.04 55 8.7, 0.0005. 6E-08. 1.48] 1.22
48 lexh1s . 15.82| 16.3% 16.5, 8.52 4.77 7.08 0.0008' SE-06/ 1.79] 1.48
49 fexh21 15.76] 16.23] 18.42" 10.55 5.08 7.69. 0.0007, SE-06  2.08] 1.51
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A ]l B [ D 3 F [ H | 1 J K
1_{sBPM30.X i
2| 1 N ' !
3 |stroke |b ticks jh1 ticksiho - tickgh2 ticklb (m) ho {m) gami gam2 1
4 Jint2 | 1.05] 282 208 221" 0.00027195 3.02E-08] 1.38 1.06]
8 lint4 1.58]  2.42] 1.52] 2.28| 0.00040622 2.20E-08] 1.859] 1.80;
6 Jinte | 127] 279] 2.08] 227] 0.00032893]  3.02E-08] 1.34_ 1.00 ]
7 Jints 1.37] 2.31] 1.53] 1.89] 0.00035483 2.226-08] 1.517 124
8 lint10 1.4 1.85] 1.07| 1.4] 0.0003628 1.S5E-08] 1.73.  1.3%
9 lint12 1,72]  2.83] 1.37] 2.15 0.00044548 1.99E-08) 1.92, 1.57
10 |int14 1.62] 1.88] 1.37] 1.79[ 0.00041958 1.99E-08] 1.37  1.31)
11 [int16 1.20| 1.73] 1.43] 1.58] 0.00033413 2.07E-08] 1.21] 1.11]
12 lint18 0.98] 2.03] 1.76] 1.82[ 0.00025382 2.55E-08] 1.15] 1.03!
13 lint20 1.03]  1.79 1.5 1.53] 0.00026677 2.186-08] 1.19] 1.02
14 [int22 1.02] 1.94] 1.38] 1.63] 0.00026418 2.00E-08] 1.41 1.1%L L
18 !
18 [comp1 1,74 2.92] 1.84] 2.13[ 0.00044289 267E-08] 1.859. 1.18, ]
17 [comp3 1.27]  2.05] 1.e8] 1.78] 0.00032893 2.44E-08] 122 1.08
18 {compS 1.83]  2.22] 1.21] 1.49] 0.00042217 1.75E-08] 1.83, 1.23
19 [comp7 1.42]  1.95 1.4 1.73] 0.00036778 2.03E-08] 1.39. 1.24]
20 [comp9 1.78] 2.98} 2.21] 2.58] 0.00046102 3.20E-08] 1.35" 1.7
21 Jcomp11] 1.48] 234 1.72] 2.1 0.00038332 2.40E-08] 1.38, 1.22
22 lcomp13] 1.78 2.7 1.81] 2.22] 0.00045584 2.62E-08] 1.49 1.23
23 [comptS| 1.07] 2.13] 1.83] 1.98] 0.00027713 2.65E-08] 1.168  1.08,
24 lcomp17] 1.79] 227 1.19] 1.86] 0.00048361 1.73E-08] 101 1.56;
28 [comp19l 1.67]  2.43( 1.81] 1.95{ 0.00043253 2.336-08] 1.8 | 1.21:
28 fcomp21| 14| 219] 1.57] 1.96] 0.0003626| 2.28E-06 1.30. 125 _
27 ¢ |
28 Jexpt 1.76]  1.41] 1.e8] 0.00032118 2.04E-08] 1.25 1.18;
20 fexp3 -37 1,87 _1.39] 1.68; 000035483  2.02£-06] 1.35  1.21] B
30 |exp5 . 1.28/ 0.82] 0.96| 0.00024864 1.19E-08] 1.56, 1.17]
31fexp7 | 107 2.00] 1.32] 1.55] 0.00027713 1.91€-08] 1.58. 1.17;
82lexpg | 1.31] 1.48 1.08] 1.28] 0.00033929 1.54E-08] 1.40] 1.22.
33 Jexptl 1.28]  1.73] 1.22] 1.43] 0.00033152 1.77E-08] 1.42°  1.17!
34 lexp13 1.07 1.81] 1.43] 1.5{ 0.00027713 2.07€E-06] 1.27, 1.05
85 loxp15 1.02]  1.97] 1.53] 1.67] 0.000268418 2.22E-08] 1.20] 1.09
38 Jexpt7 | 1.18] 1.31] 0.91] 1.11] 0.00030044 1.32E-08] 1.44 1.22
37 lexpio | 1.26] 1.21] 0.71] 0.97] 0.00032634 1.03E-08] 1.70] 1.37;
88 {exp21 1.06] 1.6 1.11] 1.33] 0.00027454 1.61E-08] 1.51,  1.20!
39| . 1
40 |stroke (x4 x2 x3 y1 y2 y3 b (m} lho (m)} [gam1 am2
41 lexh2 15.87] 18.14] 18.32] 2.53 1.3 1.7| SE-04; 1E-08 1.08] 1.31
42 |exh4 15.8] 16.04] 18.21] 1.91 1,08 1.29[4E-04' 1E-08 1.80] 1.22
43 lexh8 | 1587] 16.09] 18.27[ 2.31 1.5 1.91/4E-04' 2E-08 1.54] 1.27
44 [exh8 15.99] 16.19] 16.37] 2.49 1.62 1.8] 4E-04] 2E-08 1.49] 1.1
48 jexh12 | 1598 16.2| 18.36] 2.9 1.88 2.08/ 4E-04] 2E-08 1.54] 1.11
46 lexh14 | 16.08] 16.27| 18.46] 34| = 2.42 2.95/4E-04] 2E-08] 1.41] 1.22
47 jexh16 | 15.89, 18.15| 18.36) 2.9 _._1.e2/ 2.19SE-04] 2E-08; 1.79] 1.35
48 lexh18 | 15.71] 16.01[ 16.21 3.7 2.08 2.82| 5E-04, 2E-06 1.78] 1.38
49 [exh22 | 15.89] 15.93] 16.15( 3.17 1,98 2.36/5E-04| 2E-06 _ 1.60 1.19
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A | B | ¢ [ E F ] a 1 # Ll L J# K
1_|SBPS15.X | | % .
2 ; . . L
3 [stroke b ticks (h1 ticks{ho ticks{h2 ticks(b (m]) tho (m) ~ gam1 'gumz :
4 _[int2 | 123 223] 1.18] 1.38] 0.00031857  1.71E-06, 1.89 1.17 __ .
8 linta 1.9 2.83 0.97 1.92] 0.0004921" 1 .41E-08, 292 1.98
6 linté 1.58  2.02[ 1.19] 1.89] 0.00040922, 1.73E-06__1.70__ 1.59 —
7 _[int10 1.7 1.8] 1.01] 1.66] 0.0004403 1.46E-08 1. 794_ 168 1
8 Jint12 | 1.52 2.07 1.18 1.88] 0.00039368 1.71E-08 1.7 1.59 !
9 [intie . 1.26; 2] 1.42[ 1.68] 0.00032634  2.06E-06 1.41, 118 —
10 Jint18 | 1.20.  1.93] 1.38] 1.65! 0.00033411, 2.09E-08 1.39] 1.19 |
11 lint20 1.89 2.88 1.32 1.98] 0.000437711 1.91E-08 1905 150
12 |int22 1.8 1.97 0.94 1.8| 0.00043512 1.30E-06‘+ 2.10‘T 1.70% i
13 i t [
14 [compt = 1.71, 2.08 1.19 1.77| 0.00044289 1.73E-08 1.73]  1.49.
18 jcomp3 | 1.85; 2.08 1.3 1.82| 0.00042735: 1.89E-08] 1.60, 1.40; |
168 gﬂlps 2.03 2.98 1.52 1.82| 0.00032577. 2.20E-08, 1.96: 1.20 A
17 jcomp7 | 1.48 -?:3‘4 1590 1.87] 0.00036332  2.31E-08 145 118 |
18 jcomp9 2 3.88 1.82 2.62 0.000518" 2.64E-08, 2.13 1.44 :
19 lcompi1 2.35 4.9% 1.8 2.7| 0.00080885: 2.61E-08, 2.75 1.50 :
20 lcompi3 2.06 4.689 2.05 2.48| 0.00053354 2.07E-08 220 1.21 !
29 Jcomp1s 1.86  2.21{ 1.05| 1.78] 0.00048174 _ 1.82E-06, 2.10. .70, |
22 Jcompi7 1.3 2.08] 1.47] 1.65] 0.00035224 _ 2.13E-08, 1.41 132 .
23 Jcomp19 71,56 2.08 1.41 1.79| 0.00040404 2.04E-08;, 1.48 1.27. L
24 Jcomp21.  1.30  2.16] 148/ 185 o.ooosooou 2.15E-06, 146 125 |
25 ! ] i
26 |expt . 141 208 1.21 1.76] 0.00036519 1.75€-08  1.72. 1.45 |
27 lexp3 117 247 _1.28] _ 1.59] 0.00030303 1.86E-08  1.70. 1.24 ;
28 Jexps 1.32 1.7 1.2 1.49] 0.00034188 1.74E-08, 1.42° 1.24
20 Jexp7 124 _152] 1.04] 1.27| 0.00032116 _ 1.51E-08 _ 1.48 122
30 jexp8 1.83 1.96 0.08 1.68{ 0.00042217 1.42E-08 2.00, 1.71
31 [exp11 1.42 1.7 1.03 1._5_8‘ 0.00038778: 1.49E-08 1.65 1.53
82 exp13 121215 1.19] 1.43! 0.00031339' _1.73E-08, 1.81 _ 1.98 |
33 lexp15 1.69 1.7 0.88 1.49( 0.00043771 1.28E-08  1.93  1.69
34 oxp17 - 1.42 2 1.22[ 1.51] 0.00036778 1.77€-08_  1.64  1.24
35 lexpi® . 1.42 2.08 1.03 1.41| 0.00036778 1.49€E-08 2.02 1.37
36 Jexp21 . 1.4 _ 1.42| 0.89 1.37| 0.0003626 _ 1.20E.08.__1.60__ 1.54 L
37 ‘ .
38 Istroke x1 X2 x3 vi  ly2 ly3 b (m) ho (m) gami ;gnmz
39 Jexn2 | 15.75_ 18.07| 16.22] 2.04 0.8 1.3, 0.0005 8E-07 2.55 1.63
40 lexhda | 15.7 T 15.92| 18.12 2.5¢9 1,55 2.22 0.0004. JE-08  1.87.  1.43
41 (exh8 | 15.71. 16{ 18.18 3.24 1.2, 1.621 0.0005, 1E-08_2.70 1.3%
42|exh8_ | 15.68° 15.08] 16.18] 3.33 0.81 1.23,0.0005 8E-07] 4.11] 1.52
43 {exh10 15.ﬁ§ 16.02] 16.22 2.39 0.94' 1.4 0.0005' OE-07. 2.54 1.49
44 jexh12 15.68  16.01 16.2 4.03 1.38, 2.01, 0.0005, 1E-068 2.92: LSQJ
48 Jexh14 | 1571/ 16.04 16.2 2.99 1.27: 1.65 0. 0005 1E- 00L 2.35.  1.30,
46exhi6 1584 16.00| 16.27] 232 14, 2,32 0.0004  1E-08' 1.8 1_.ger
47 lexnis 15717 18.8| 18.08] 215 1.5, 1.87° 0.0004! 2E-08' 1.43° 1.25
48 Jexh20 ~ 1579 16.09] 16.24 2.17 1.37 1.83 0.0005 1E-08  1.586 1.34
49 Jexh22 ; 15.74 16.02| 16.21 2.8 1.58 1.78_0.0005 2E-08_1.79 1.14
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A | B c D E | F [ H | J K
1_|SBPS30.X '
2
8 |stroke |b ticks [h1 tickqho ticks h2 ticksb (m) ho {m) _le1 mz
4 lint3 1.34 1.7 1.22 1.58. 0.00034708 1.77E€-08 1.39 1.30
8 |int5 1.29 2.38 1.48 1.75. 0.00033411 2.12E-08 1.63 1.20
8 |int7 104 1.9 1.02] 1.38, 0.00026936 1.48E-06 1.88 1.35 |
7 }int9 1.35 1.7 1.08 1.45; 0.000349653 1.57E.08 1.87 1.34 :
8 |int13 1.18 1.42 1.08 1.24° 0.00030562 1.52E-08 1.38 1.18
9 |int15 1.18 1.3 o0.01] 1.1e 0.00030562] 1.32E-06 1.43 1.27 -
10 }int17 1.38 1.8 1.18 1.48| 0.00035742 1.71E-08 1.38 1.28
1
12 {comp2 1.34 1.37 0.93 1.18, 0.000347086 1.35E-068 1.47 1.27
13 jcompd 1.78 1.83 0.98 1.42/ 0.00046102 1.42E-08 1.87 1.48
14 [comp8 1.21 1.02 0.73] 0.97; 0.00031339 1.06E-06 1.40 1.33
18 [comp8 1.81 1.7 1.06 1.4 0.00041899 1.54E-08 1.60 1.32
16 [comp10 1.82] 1.58 0.74] 1.23' 0.00047138 1.07E-08 2.14 1.68
17 jcomp12 1.88 1.36 0.85 1.07{ 0.00043512 9.43E-07 2.09 1.65
18 [compl4 1.7 1.52 0.88 1.14!  0.0004403 1.28E-08 1.78 1.30
19 jcompie 1.89 2 0.9 1.4/ 0.00043771 1.31E-08 2.22 1.58
20 jcompi8 1.42] 1.52 1.2 1.5, 0.00038778 1.74E-08 1.27 1.2%
21 |comp20 1.73 1.7 1.08 1.39. 0.00044807 1.54E-08 1.60 1.31
22 Jcomp22 1.41 1.47 1.08 1.18; 0.00036519 1.54E-08 1.39 1.12
23 { |
24 lexp2 1.2 1.4 1.15 1.28, 0.0003108 1.67E-08 1.22 1.11 !
25 lexp4 1.38 1.2 0.71 0.99' 0.00035742 1.03E-08 1.69 1.39 i
26 |exps 1.16 1.49 1.04 1.19] 0.00030044 1.51E-08 1.43 1.14 |
27 jexp8 1.37 1.28 0.8 1. 0.00035483 1.18E-08 1.80 1.25 !
28 lexpi0 1.21 1.98 1.6 1.76] 0.00031338 2.32E-08 1.24 1.10 i
29 joxp12 171, 1.52 0.8] 1.43] 0.00044289] 1.16E-06 1.90 1.79 . ]
30 lexpid 1.89 1.5 0.57] 1.39' 0.00043771 8.27E-07 2.63 2.44 |
31 |expi16 1.60; 1.43 0.7 1.4] 0.00043771 1.02E-08 2.04 2.00
32 jexpi8 1.32) 1.32 0.73]  1.09! 0.00034188 1.06E-06 1.81 1.49
33 |exp20 1.32 1.8 1.3 1.45 0.00034188 1.80E-08 1.28 1.12 ;
34 jexp22 1.26 1.27 0.7 1.05_0.00032834 1.02E-08 1.81 1.50 i
33 " L
36 |stroke |x1 x2  |x3 yi iy2 y3 b (m) ho {m) gami_ gam2
37 jexh1 15.69/ 15.99/ 16.183 2.01 1.04 1.84; 0.00044] 1.04E-06 1.93, 1.58
38 jexh3 15.85] 15.98, 16.18 1.42; 0.8% 1.31] 0.00033 8.5E-07 1.67. 1.54
39 |exhS 15.65| 15.82| 16.08 1.95; 1.08 1.468{ 0.00043( 1.08E-08 1.84. 1.38
40 jexh7 15.81) 15.87 16.04 2.43 1.12 1.34] 0.00043; 1.12E-08 2.17, 1.20
41 Jexh9 15.48] 15.72] 1587 292 1.75 1.9| 0.00038] 1.75E-08] 1.67. 1.00
42 [exh1t 15.68| 15.94| 18.12 1,886 1 1.35| 0.00044( 0.000001 1.88]  1.35
43 Jexh13 15.71] 1507, 16.15 2.02 0.8 1.52| 0.00044 8E-07 2.53 1.90
44 |exh15 15.72} 15.97| 168.15 2.17] 1.17 1.41] 0.00043! 1.17E-06 1.88 .21
48 lexh17 15.8| 15.88| 16.05 2.27: 1.24 1.54] 0.00045| 1.24E-08 1.83 1.24
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A | B c ] D | E | F T a1 w ] J | K

1 _ISMCM10F S ' B S N S
2 ‘

3 [stroke [x1 x2 x3 ¥y Y2 y3 b (m) ho {m) aml gam2
4 lint1 -15.04; -14.88 -14.69 208 142 2.05. 0.00035] 0.00000142 1.48. 1.44
8 |int3 .15.18 -14.84 -14.73  3.13 214  3.28' 0.00045| 0.00000214] 1.48 1.52
¢ lints -15.14] -14.92 _ -14.78 2.82 198 2.71 0.00038] 0.00000198] 1.42, 1.37
7 lint7 215.19]  -15.02__-14.86 2.85 2.25  2.41_ 0.00033] 0.00000225] 1.18° 1.07
8 lintg -15.18 -14.99 -14.72 3.18 1.93_  3.14. 0.00048] 0.00000193] 1.8 1.83
9 jinti1_ -15.13 -14.92 -14.84 298 2 2.28 242 0.00029 | 0.00000228] 1.31; 1.08
10 int13 -15.11 -14.89.  -14.76 2.82 1.92 2.4° 0.00035] 0.00000192] 1.31. 1.25
11 {int15 -15.11 -14.94,  -14.74 2.44 1.51 2.34° 0.00037| 0.00000151] 1.62' 1.58
12 ‘ ; , ‘ T

13 [comp2 16.71 16.95] 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; 1.36_ 2,08, 0.00039] 0.00000136] 1.57 1.1
18 [comps 16.64 1689,  17.06 2.44" 1.53°  2.08 0.00042] 0.00000153] 1.59' 1.38
16 [comp8 16.68 16.91. 17.09 2.47. 1.58. 2,12 0.00041] | 0.00000158] .88 1.34
17 [comp10 16.7 16.89 17.17 3.19 1.84 283 0.00047] 0.00000184] 1.73’ 1.43
18 [comp12 16.58 16.97 17.13 5.01, 1.1, 3.16. 0.00053] 0.00000191] 2.62 1.8%
9 Jcomptd 18.85 16.91 17.09 _ 2.43 1.48.  1.75! 0.00044] 0.00000146] 1.68. 1.20
[ ‘ ! ‘ |

21 jpwr2 -15.23] 1507 -14.81, 1.15 0.99  2.22° 0.00042] 0.00000098] 1.16, 2.24
22 lpwra -i5.3] s 12 T14.94 1.61 1.03 1.8. 0.00038] 0.00000103] 1.58 1.55
23 Jpwrs -15.33 -15,16 -15 1.6 0.93.  1.34 0.00033] 0.00000093] 1.72. 1.44
24 jpwr8 | -15.29] 1512  -14.95 106 056 _ 1.17| 0.00034] 0.00000056| 1.89] 2.00
28 Jpwr10 -15.3 1511 -14.95 1.4~ 0.88  1.43 0.00035| 0.00000088] 1.50° 1.83
28 [owr12 |  -15.26 -15.07  -14.91 135 1 1.38  0.00035]  0.000001| 1.35 1.38
27 |Jpwri4 -15.3 -15.1 -14.95 1.59 1.28  1.61_ 0.00035| 0.00000128| 1.24 13.28
28 ‘ ‘

29 lexhl | 16.73; 1694 1708 1.8 135 1.42 0.00033] 0.00000135/ 1.16 1.05
30 [exh3 16.74 16.98 17.1 2.06 1.4 1.81 0.00036] 0.0000014] 1.47 1.29
31 jexh5 16.67| 1693 171 2.66 147  1.98 0.00043] 0.00000147] 1.81 1.33
32 lexh? 16.79 17.02 17.15 2.13 1.38.  1.04. 0.00036] 0.00000138] 1.54 1.41
33 Jexho 16.7 17.01 17.14 2.78 1.7 2.13_0.00044] 0.0000017] 1.64 1.25
34 jexh11 .. 1877 16.94 1741 178 1.48 _ 1.77 0.00034] 0.00000148] 1.20 1.20
35 lexh13 16.78 16.98 17.14 2.2 1.68 2.18 0.00036] 0.00000188] 1.31. 1.30
36 Jexh15 16.77 16.95 17.12 1.97 1.6 2.01_0.00035] 0.00000i18] 1.23 71.26
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A | 8 | ¢ D | | F a | H 1 T 31 K

1 _{SMHS10+ ; ! ! : |

2 . K ] . o

3 jistroke x1 ix2 x3 Al y2 y3 b (m) ho (m) igami _igam2
4 int1 | 9478 -14.62] 1451 225 176  1.91| 0.00027] 0.00600178, 1.28__ 1.0
8 |int3 -14.79 -14.58 -14.34 2.85 1.93 2.81 0.00045| 0.00000193] 1.48 1.48
8 lints | -14.83_ -14.83| -14.47 2.58  1.74] _ 2.04| 0.00036] 0.00000174. 1.48  1.17
T lint7 -14.78: -14.58 -14.34 2.98 1.88 2.73 0.00044| 0.00000188 1.59 1.45
8 jint® -14.76 -14.58]  -14.37 2.12 188 2.18]  0.00039] 0.00000158  1.34] 1.37
9 lint11 -14.69. -14.5| -14.35_ 264 2.23] 2.81] 0.00034] 0.00000223  1.18  1.17
10 [int13 -14.66 ~14.48 -14.4 2.48 2.1 2.28 0.00028] 0.0000021 1.17. 1.09
11 [int15 -14.77, -14.6] -14.48] z.seiz 2.29 2.41] 0.00020( 0.00000229] 1.25, 1.05
12 ! | ; ! :
13 jcomp2 | 15.3 15.47 15.84. 1.21; 0.8 0.93 0.00034] 0.0000008.  1.51 1.18
14 jcomp4d 15.33 18.51 15.69 1.06 0.59 1.068 0.00038| 0.00000081, 2.08 2.08
18 [comp8 15.36 15.54 18.71; 1.87, 1.14 1.54 0.00035| 0.00000114; 1.38. 1.38
16 jcomp8 1518 15.45| 15.65_2.01. 0.7 1.3] _0.00047] 0.0000007 287 _ 1.86
17 jecompi0 15.18 18.45 15.63 2.01. 0.88 1.31 0.00045| 0.00000088  2.28) 1.49
18 jcompi2 : 15.3) 15.56 15.74. 1.7. 0.68 1.33 0.00044| 0.00000088 2.50 1.96
19 jcomptd |  15.39 15.56] 15.75, 1.24  0.87 1.11] 0.00038] 0.00000067 1.85 1.68
0 - J | .

1 |pwr2 -15.35_ .14.99] -14.82 068 0.582] 083] 0.00033] 0.00000052, 1.31_ 1.60
2 lpwré -15.34 -15.17 -15.04, 1.43 1.05 1.23 0.0003| 0.00000105  1.38 1.17]
23 |[pwre -18.27 -15.09 -15. 1.51 1.1% 1.31 0.00027| 0.00000115: 1.31- 1.14
24 jpwrB 1505 -14.87] -14.73_0.88_ 0.58]  0.79] 0.00032] 0.00000058. 1.52_ 1.3
28 lpwr1i0~ -15.28 -15.1 -15.01' 1.58 1.13 1.14 0.00027| 0.00000113, 1.40 1.01
6 [pwr12 1518 .15.03] -14.04 1.06_ 085 0.88] 0.00024] 0.00000085 1.25__ 1.04
27 |pwrid -15.22 -15.05 -14.89 1.07 0.5 0.87 0.00033] 0.00000085 1.65 1.34
] .

29 |exh1 15.35 16.5] 15.68 1.38  0.81 1.35| 0.00033| 0.00000081 1.70  1.87
30 |exh3 15.33 15.5 15.860 1.68 1.08 1.69 0.00038| 0.00000108 1.54 1.56
31 jexh5 15.37 15.57 15.7% 1.95° 1.38 1.49 0.00038; 0.00000138 1.41; 1.08
3 2 |exh?7 15.35 15.51 15.66 1.89 1.36 1.59 0.00031| 0.00000138 1.39 1.17
33 jexho 15,28 15.43 1550 1.37  0.98 1.18 0.00033| 0.00000096 1.43 1.21
34 jexh1t_ 153 15.45] 1583 205 1.52] 1.69] 0.00033] 0.00000132 1.35 _ 1.11
38 |oxht13 15.72 15.58 15.76 2.15 0.81 1.25 0.00044| 0.00000081 2.88 1.54
38 jexh15 A5 .1 15.49 15.87 1.47 1.11 1.43 0.000368{ 0.00000111 1.32 1,29
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A | 8 ] ¢c 1 o [ E 1 F [ H ] J K
3 JSMHS20F - - e S ]
2 T o — B e Satate ity (R
3 jstroke x1 x2 ‘x3 y1 y2 y3 b (m) ho (m) ami ﬁ?zﬂ
4 lint1n | .16.75 -16.58  -16.43 0.98 0.7 0.96 0.00032| _0.0000007 1.40| 1.37
8 |inta 16.73_-186.57 -168.47 1.14 0.82 1 0.00028] 0.00000082{ 1.39] 1.22
8 _lints _-16.87 -16.48 -16.35 = 0.77. _ 0.62)  1.01] _ 0.00032| 0.00000062; 1.24| 1.63
7 lint7 .16.737 -16.54  .18.45  1.15 0.85 0.89 0.00028| 0.00000085| 1.38] 1.05
8 linte | _-16.68 -16.51 -16.35 0.98: 0.78 1.08 0.00031] 0.00000078] 1.23[ 1.38
8 [int11 -16.82 -16.86  -16.54 074  0.38] 0.856]  0.00028] 0.00000038] 1.93] 1.47
10 [int13 . .16.78 -16.62. -16.55 0.7 0.59 0.68 0.00023| 0.00000059 ~1.19] 1.15
11]int15 | .16.23. -18.02 .15.89 0.75 0.5 0.8 0.00034] 0.0000005]  1.50] 1.60
12 |int17 ' -16.32 -16.18  -16.07" 0.92 0.78 0.82 0.00025| 0.00000076] .21 1.08
13 [int19 -16.72. -16.55 -18.47 1.13, 0.9 1.03 0.00025] 0.0000009] 1.28] 1.14
14]int29 | -16.4 -16.22 .18.14 0.89 0.8 0.81 0.00026] ©0.0000008] 1.48] 1.02
18]int23 | -16.3 -16.1, .15.96 0.71/ 0.52 0.71 0.00034] 0.00000052] 1.37] 1.37
18|int25  ° -16.84 -16.7 -18.58: 117  0.82 1.02 0.00026| 0.00000082] 1.43] 1.24
17 [int27 | -16.85 -16.37° -16.21; 0.79.  0.49 0.66 0.00034] 0.00000049] 1.81{ 1.35
18 i ‘ ‘
19fcomp2 | 15.01  1%5.15  15.34 1.01 0.73 0.92 0.00033] 0.00000073]  1.38] 1.2¢
20 lcomp4 | 15.05° 15.22  15.37 1 0.77 0.97 0.00032| 0.00000077]  1.30] 1.26
21 [comps 14.97 _ 15.16 15.3 1.18 0.83 1.07 0.00033] 0.00000083| 1.40[ 1.2
22 lcomp8 14.92 15.13 15.28 1.42 1.07 1.44 0.00036] 0.00000107[ 1.33| 1.3s
23 [eomp10 14.75 1493 15.08 1.19 0.86 1 0.00033] 0.00000088] 1.38] 1.16
24 [compi2 1483 15.1% 15.28 1.33 0.99 1.28]  0.00035] 0.00000098] 1.34] 1.29
28 [comp14 15.07 15.23 15.37 1.29 0.95 1.06 0.0003| 0.00000095( 1.36] 1.12
8 |complé 1505 _ 15.14° _ 153 0.85 0.58 0.7 0.00025] 0.00000056] 1.18] 1.25
7 lcomp18 15.02 15.14  15.31 1.1 0.9 1.05 0.00029] 0.0000009 1.22[ 1.17
8 Jcomp20 14.88  15.08 15.21 1.33 1.08 1.31 0.00033] 0.00000108] 1.23] 1.21
29 [comp22  15.04__15.18 1533 1.38 1.09 1.18 0.00029| 0.00000109| 1.27[ 1.08
30 |comp24 7151 15.23  15.38 1.16 0.9 0.97 0.00028] 0.0000009] 1.28| 1.08
31 p28 . 14.97 15.13 15.3 1.26 1.2 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| 0.00000089| 1.39| 1.16
33 ‘
|34 (pwr2 _-15.23 -15.00 _-15 064 04/ 044]  0.00023] 0.0000004] 1.80| 1.10
38 [pwra -15.47 -15.31  -15.22 0.83 0.72 0.77 0.00025| 0.00000072] 1.18| 1.07
36lpwr6 _ -1539 -1522 -15.15 08 _ 045 0.48 0.00024] 0.00000045] 1.33] 1.02
37 [pwrs -15.44 -15.31 -15.22 0.68_ 0.56 0.66 0.00022] 0.000000%8]  1.21] 1.18
38 jpwri0 -15.29 -15.15__ -15.05 0.9 0.8 0.78 0.00024] 0.0000008] 1.50] 1.30
39 [pwri12 15,07 -14.890 -14.81 0.76 0.51 0.81 0.00026] 0.00000081 1.49] 1.20
40 [pwri4 -15.41. -15.22  -15.11 0.67 0.57 0.71 0.0003] 0.00000057] 1.18] 1.2%
n'pqug | -15.53 .15.38  -15.28 0.35 0.16 0.22 0.00025] 0.00000018] 2.19| 1.38
42 lpwri8 | -16.13 -15.97 -15.88 07 0.46 0.48 6.00025] 0.00000048] 1.52] 1.04
43 lpwr20 -15.34_-15.18_ -15.02 0.66. 0.54 0.79 0.00032] 0.00000054] 1.22] 1.48
44 lpwr22 -18.33, -15.19__ -15.3 0.67 0.5¢ 0.62 0,00023] 0.00000059] 1.14] 1.05
48 [pwr24 18,35 .15.21. -15.04 0.58 0.48 0.8 0.00031] 0.000000468| 1.28] 1.74
(48 jpwr26 -15.49 -15.34  -15.24 0.74 0.58 0.6 0.00025| 0.00000058] 1.28] 1.03
47 |pwr2s 155 .15.34 -15.19 0.68 0.51 0.87 0.00031]| 0.00000051 1.33] 1.31
48 :
49 lexht > 1483 1505  15.17 089 085 0.88 0.00024| 0.00000085] 1.05] 1.04
80 [exh3 14,52 14.87 14.83 1.41 0.97 1.2 0.00031] 0.00000087{ 1.45| 1.24
5 1 Joxh5 14.60 14.87 15 1.34 1.1 1.2 0.00031] 0.0000011 1.22] 1.09
82 [exh7 | 14.81. 14.76.  14.93 0.99 0.64 0.7¢ 0.00032] 0.00000084] 1.55 1.19
oxh9 . 14.78 14.93 15.1; 1,22 0.88 1.11 0.00032] 0.00000088] 1.39] 1.26
4 [oxh11 14,77 14.94 18.1, 1,01 0.7 1 0.00033] 0.0000007| 1.44[ 1.43
8 Jexh13 14.82, 14.71  14.8% 1.23; 0.81 0.88 0.00033] 0.00000081 1.52] 1.09
56 [oxh15 14.9; 15.01.  15.18, 0.48 0.36 0.56 0.000268] 0.00000036| 1.33] 1.58
87 lexn17 14.78] 14.96°  15.12! 0.91 0.84 0.84 0.00034| 0.00000084] 1.42] 1.31
88 Jexh1® 1482 1502  15.18. 1.62 1.13 1.49 0.00034] 0.00000113] 1.43] 1.32
B9 fexn21 1481 1496 1512  1.24 0.99 1,12 0.00031] 0.00000099| 1.25] 1.13
60 lexh23 = 14.78  14.89. 15.0 0.99 0.93 0.94 0.00023| 0.00000093 08| 1.01
81 Jexh25 ~ 14.77_ 14 & 15.09 1.41 1.25 1.41 0.000232] 0.00000125] 1.13] 1.13
62 [exh27 14.87  15.01, _ 15.17 1,12 0.81 1,08 0.0003] 0.00000081 1.38] 1.33
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A S | ¢ | D I3 £ | al W i 1 9 X
1_{SMHS25H i i i
2 - . | ! ; )
3 Istroke |x1 X2 . x3 y1 2 _ly3 b (m) ho {(m) gam1 am2
4 Jint1 -15.51 -15.35 -15.26 1.41 1.92.  1.17, 0.00025] 0.00000112 1.26] 1.04
§ |int3 -15.19 -15.06 -14.96] 0.97] 0.79 0.83. 0.00023] 0.00000079' 1.23] 1.05
8 |ints -14.69 -14.55. -14.46 1.16 102, 1.05 0.00023] 0.00000102. 1.14] 1.03
7 lint7 14,94  -14.82]  -14.72]  o0.97 0.76 0.88 0.00022| 0.00000078 1.28] 71.16
8 linto -15.04  -14.87. -14.79 1.27 1.01.  _1.09. 0.00025] 0.00000101. 1.28] 1.08
9 lint11 -14.9]  -14.73° _ -14.63 1.42 117 1.28° 0.00027| 0.00000117/ 1.21] 1.09
10 |int13 -14.93 -14.8° -14.72| o.e8 0.6 0.72] 0.00021] 0.0000008 1.13] 1.20
11 [int15 -14.8 -14.60  -14.58]  0.91 0.63] 0.89. 0.00022] 0.00000083 1.44] 1.10
12]int17 -15.14 -18  -14.89 1.38 1.16] 1.31, 0.00025]| 0.000001168/ 1.19[ 1.13
13 Jint19 -15.27,  -15.08'  .15.01 1.290 1,08 1.15] 0.00026] 0.00000108' 1.19] 1.06
14 {int21 -15.17; -15 -14.9]  1.24 0.90. 1.17] 0.00027[ 0.00000090! 1.25| 1.18
18 int23 -15.13.  -14.98 -14.86 1.19] 1,01 1.11] 0.00027] 0.00000101! 1.18] 1.10
16 Jint2s 15,03 -14.89 -14.79 1.1 091, 1.05. 0.00024] 0.00000091; 1.21] 1.1§
17 jint27 -15.18 -15.04°  -14.04 1.41 1.23,  1,33] 0.00024] 0.00000123{ 1.15] 1.08
18 | :
) [comp2 14.51] 1468 14.84 1.22] ~ 0.83 1.02] 0.00033 0.00000083, 1.47] 1.23
20 |compd 14.04 14.2° 14.38 1.87 1.43' _1.53] 0.00032] 0.00000143__1.10] 1.07
1 [comps 14.84 14.93 15.07 1.47] _ 1.01.  1.13] 0.00023] 0.00000101; 1.1_%_3.!2
2 |comp8 14.85 15.02 15.18 1.72[ 1.39. _1.43' 0.00031] 0.00000139 1.24] 1.03
8 [compio0 14.87 15.04" 15,17 1.25]  0.94_  1.03, 0.0003] 0.00000094] 1.33] 1.10
24 jcomp12 14.88 15.05 15.21 1.81 1.0 1.41 0.00033] 0.000001008; 1.39] 1.29
28 [comp14 14.86 15.04 15.2  0.87 0.54 0.82 0.00034] 0.00000054: 1.61| 1.52
28 lcomp1e 14.83 14.94 15.08 1.03] 0.86_ 1.08_ 0.0002%| 0.00000086. 1.20{ 1.2¢
27 |comp18 14.94 15.12 15.28 1.21 0.92 1.14 _0.00032{ 0.00000092 1.32] 1.24
28 [comp20 14.85 15.01 151 1.31 0.97 1.08_0.00023] 0.00000097 1.35] 1.09,
9 lecomp22 1488  15.03 15.17 1.72 1.45, 1.68, 0.00031] 0.00000145 1.19] 1.18
0 |comp24 14.8 14.9% 15.00] 092  0.69° 081 0.00029] 0.00000089 1.33] 1.17
31 [comp28 14.75 14.85 14.98 1.08 0.9  0.96 0.00023] 0.0000009 K_m_q_ 1.07
32 Jcomp28 14,44 14.62 14.76 1.13] 0.76 1.03 0.00032| 0.00000076; 1.40] 1.38
33 ; i 1
S4fpwrz | -15.23 -15.07.  -14.89 1.13[  0.84' 1.14] 0.00034] 0.00000084, 1.33] 1.38
38 jpwrd -15.44 -15.28 -15.19] 098] 0.89. 0.9° 0.00025] 0.00000089| 1.10| 1.0%
36 [pwrs -15.01 14.87° -14.77 1.17 1.05, 1.17. 0.00024] 0.00000105  1.11] 1.11
37 [pwrs -15.04' -14.88 -14.78{  0.77 a.ef 0.67. 0.000268] 0.0000008 1.28! 1.12
(38 pwrio -15.54 -15.47._ -15.31 0.71 0.61  0.71. 0.00023] 0.00000081, 1.16] 1.16
39 [pwr12 |  -15.45 -15.29 -15.21 1.26 1,00, _1.11] 0.00024] 0,00000109, 1.16] 1.02
__A__O_jgwnd -15.14 -14.99 -14.84] 0.70 0.5 _0.72. _ 0.0003] 0.0000008 1.58] 1.44
41 [pwr16_ -14.9 -14.73  -14.857 1.01 0.79, 1.03, 0.00033] 0.00000079: 1.28] 1.30
42 pwris 15,12, -14.98 -14.88] 0.93] o0.86, 0.94 0.00024] 0.00000088 1.08] 1.09
43 [pwr20 -15.22°  -15.08 -14.96]  0.77 0.58  0.78) 0.00026] 0.00000058 1.33] 1.34
44 Ipwr22 -15.34.  -15.19; -15.09] 0.84] 0.68 0.81] 0.00023] 0.00000088 1.24] 1.19
48 |pwr24 -15.46 -15.29 -18.2] 0.85] 0.39] 0.72] 0.0002¢] 0.00000089; 1.44] 1.22
48 [pwr2e 1556 1539  -15.24] 1.08 1] 117 0.00032] 0.000001, 1.09] 1.17
47 lpwr2g -15.49 -15.3  -15.22 1.15]  0.89' 0.92/ 0.00027| 0.00000089: 1.28] 1.03
48 L | . |
49 loxht | 14.83. 14.98 15.14 1.02]  0.79, 0.88 0.00031 Vq_gggooon‘ 9 1.29] 1.09
50 lexh3 | 18.18! 15.38° 15.44 1.58 1.33°_1.35. 0.00026] 0.00000133_ 1.19| 1.02
51 foxh5 | 14.85 15.01, 15.13 KE] 0.9, 0.95] 0.00028] 0.0000009. 1.268] 1.08
§ 2 loxh? 15.17 15.33' 15.40 1.8 1.35  1.82; 0.00032] 0.00000935, 1.9 9.13
33 loxhe 14.78 14.92 15.08 1.36 1.1] 1.32] 0.0003] 0.0000011; 1.24] 1.20
54 loxh11__ 14.84; 14.95. 15.11 15 1.3 1.45] 0.00027| 0.0000013; 1.15] 1.12
8 lexh13 14.68 14.82 14.97 1.1 0.9, 0.98 0.00020] 0.0000000! 1.22! 1.07
868 loxh15 14.851. 14.65, 14.82 1.32 1.05] 1.12] 0.00031] 0.00000108| 1.28] 1.07
37 lexhi7 14.74 14.91 15.08 1.16]  0.88. 0.99. 0.00032] 0.00000088 1.32[ 1.13
8 jexh19 14.8 14.95: 15.1 1.21 1.03 1.15, 0.0003] 0.00000103] 1.17] 1.12
9 [oxh21 14.87, 15.03; 15.18] 0.79] o0.61] 0.78, 0.00031| 0.00000081| 1.30] 1.28
0 |exh23 14.82 14.99' 15.14 1.28 112 1.22°_0.00032] 0.00000112° 1.14[ 1.09
61 Jexh2s 14.86; 14.99 15.12]  0.95] 082 093 0.00028] 0.00000082; 1.16] 1.13
62 lexh27 14.86' 15.01) 15.17 1.32 1,04 1.25 __0.00031| 0.00000104 _1.27| 1.20
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A ] 8 c D | €E I F | & [ _w_ T 1 J K
1_|SMMM10F o ~ f L P [ )
rm e A — b N
3 Jstroke i x2 x3 'y1 y2 y3 b (m) _{ho (m) __|gam1 sz
4_|int2 . 1512| .14.94 1478 165 112 1.44 0.00034: 0.00000112| 1.47] 1.29
8 |int4 . -15.22 -18.05 -14.9 1.88: 1.32: 1.59 0.00032' 0.00000132 1.26 1.20,
[ 8 linte | -1508] -14.92 14,74 1.4 1] _1.19, _ 0.00034, 0.000001| 1.41| 1.19
7 lint8 | -1%5.39 -15.22 15.08 .83 1.08. _1.39, __ 0.00031, 0.00000108] 1.44] 1.31
8 lint10 -15.02 -14.85 -14.89 1.42 1.11 1.44' 0.00033  0.00000111 1.28 1.30
9 lint12 ~ -1833] -15.17 1805 139 104 137 0.00028_0.00000104] 1.34] 1.32
10 |int14 -15.09 -14.91 -14.76 1.43 1.07, 129 0.00033;, 0.00000107| 1.34 1.21
11 ; | . ) .
12 Jeompt 15.78 15.9(3l 18.15  1.61.  0.99 1.58 0.00037 0.00000009] 1.83] 1.58
13 jcomp3 15.88 18.03 18.19. 1.81 1.11: 1.43; 0.00031, 0.00000111 1.45 1.29
14 Jcomps 15.81 15.98 18614 1.29 097, 1.34 0.00033 0.00000097| 1.93] 138
18 jcomp? | 15.67 15.91 16.08. 1.61; 0.78/ 1.28. 0.00041; 0.00000078 —2.08 1.64
16 Jcompd 15.84 16.02 1619 158 113, 1.44. _ 0.00035 0.00000113| 1.40| 1.27
17 lcompi1 15.72 15.80 18.07 1.57 1.14' 1.42 0.00035; 0. 00000114 1.38 1.25%
18 jcomp13 : 15.83 16 16.18 1.44 0.84 1.39 0.00035. 0.00000084{ 1.71 1.65
19 |[compi5 18.7 15.94 16.12 1.77, 0.84: 1.13 0.00042 0.00000084| 2.11 1.35%
20 : | B : ;
21 ]pwr3 15| -14.82 -14.7. 1.2, 1 1.2 oooos‘ 0.000001] 1.21] 1.20
22 [pwrs -15.28 -15.08 -15.01: 1.35, 1.04 1.23 0.00025_0.00000101 1.34 1,22
23 [pwr7 -14.88 -14.687 -14.53 1.54: 1.2°  1.58 0.00035° 0.0000012] 1.28] 1.32
24jpwro_ | .15] -14.84] 1475 181, 1.25 _1.33 __ 0.00025 0.00000125| 1.21| 1.08
28 [pwri1 -15.08 -14.88 -14.73 1.27 0.79 1.13 0.00035 0.00000079| 1.61 1.43
|26 |pwri3  -i5.2] -15.03] -14.86 _ 1.12, 083  1.21 0.00034" 0.00000082| 1.37 1.48
27 lpwri5 -14.98 -14.81] -14.68. 1.88 1.26: 1.43 0.0003 0.000001268 1.32] 1.13
2 8 N )
9 [exh2 15.74 16.93 1608 132 098 1.13 0.00034_ 0.0000009| 1.47| 1.26
0 jexhd4 15.73 15.97 16.13 1.68 0.9 1.54 0.0004' 0.0000009| 1.84 1.71
31|exh6 _ 15.8]  15.78| 15,98 1.32_ 0.81 _ 1.29____0.00036, 0.00000081| 1.63] 1.39
1I2 oxh8 15,74 15.9 18. 05 DR 33 0.99 1.06 0.00031. 0.00000099| 1.34 1.07
3 'exh10 15.83 16 18,19  1.48 0.89 1.41 0.00036, 0.00000089; 1.88 1.88
T"_d.foxmz T 1575] _1506]  16.14__ 168 0.3 1.26____0.00039 0.00000093] 1.81| 1.88
35 lexhia 15,72 15.96 16.13 1.1, 0.75 1.25, 0.00041. 0.00000075{ 2.18 1.87]
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A | B | ¢© D | E F Q H 1 J K
; SMCM20.X | TL o
3 _|stroke ix1 ix2 x3 iy ly2 b (m) ho (M} am? |gam2
4 foxh1 15.94  16.85 17.03° 24311 2.98 4.8 0.00108] 0.00000298] 8.16] 1.54
5 lexh3 16. 16.86 17.05] 27.78. 2.89] 5.97 0.00105] 0.00000259] 10.72] 2.31
6 lexhs 15.95,  18.82 17.01, 28.72, 3.45] 4.85 0.00108| 0.00000343] 6.32] 1.41
7 _Jexh7 16, 18.89 17.08]  27.26] 3.38] 5094 0.00108] 0.00000338] 8.1 1.77
8 fexh9 15.9'  18.83 17 2807, 3.38] 4.75 0.0011| 0.00000338] 8.35{ 1.41
9 lexhit 1 1586 16.85] 17.04. 3728 ~ 3.8 538 0.00118] 0.0000038] 10.36] 1.49
10 lexh15 15.94 16.88 17.04°  33.15, 3.25] 4.58 0.0011! 0.00000325] 10.20| 1.40
11 Jexh17 18] 16.9 17.08]  28.24  2.04] 4.95 0.00108] 0.00000204] 13.84] 2.43
12 Jexh19 15.99. 18.89 17.08 29091 451 6.89 0.00107| 0.00000451] @€.63] 1.53
13 Jexh21 1506 18.84 17.02, 2485 2.01] 4.52 0.00106| 0.00000291] 8.54 1.55
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A | ®& ¢ | Db E | F | o H | 1 J K
1 |SMHS10.X: ] i L |

-—ioq_..—~ ﬁ [RENSURRSAS 4‘l - . - ‘ { -

3 |stroke  Ix1 x2 x3 1 y2 _ ly3 Tb (m) {he (m) am1 am2
4 jexn T 15.97] 1623, 1639] 205 2.1, 2.53, 0.00042;, 0.0000021] 1.40] 1.20
8 lexh3 16.08 18.3  16.46] 2.87[ 1.78, 2.62 0.00038° 0.00000178[ 1.61% 1.47
6 _{exh5 ! 16| 16.31, 18.45] 3.44] 2.35; 2.9 0.00045 0.00000235] 1.48 1.23
7 Jexh7 T 15.96] 16.23, _ 16.42] 3.36] 192 2.24 0.00048 0.00000192] 1.78 1.17
8 |exhd T J8.08| 1828 16.48] 3.15] 2.35, 3.03 0.0004 0.00000235] 1.34 1.29
3 Jexhis 1505 16147  16.38] 3.47| 2.82° 276 0.0004’ 0.00000232] 1.50 1.19
10 Jexh13 15.88] 18.05 16.25] 2.03] 2.28. 253 0.00037, 0.00000228! 1.29 1.11
11 exh15 16.05] 16.27 16.47]  2.52| 1.46 2] 0.00042. 0.00000148] 1.73 1.37
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A ] B | ¢ D E F a | H ] J K

1 |sMHssx | T 1T T — -

2

3 |stroke x1 x2 x3 A y2 y3 b (m) lho (m) gam1 gam2
4 lexht . 15.98 16.2) 16.32 2.67{ 2.13| 2.71 0.00038, 0.00000213 1.25] 1.27
8 lexh3 ! 15.9 16.18/ 16.33 2.74] 1.98| 2.29 0.00043. 0.00000198 1.38. 1.18
6 jexh5 | 15.77 15.88] 16.18 2.43] 1.51] 1.98 0.00041, 0.00000151 1.8611 1.3
7_lexh7 . 15.81  15.97| 1e6.14 1.83] 1.24] 1.52 0.00033. 0.00000124 1.48 1.23
8 |exh® ., 1569 15.83] 16.12 2.86] 1.82| 2.18 0.00043, 0.00000182 1.87 1.19
9 Jexhit 15.78 15.08/ 16.18] 2.00] 1.83] 1.82 0.00038; 0.00000183 1.28.  1.12
10 jexh13 15.78  16.01 16.22 2.87 2 2.3 0.00044" 0.000002 1.44, 1.18
11 lexhis 15.77 1598 18.17 2.51 1.87] 2.19! 0.0004| 0.00000187 1.34] 1.17
12 jexh17 : 18, 16.2{ 16.33 2.65( 2.14] 2.59 0.00033| 0.00000214 1.24, 1.2
18fexh1® | 1582 16.01 16.1 2.87| 2.55 2.8 0.00028: 0.00000255 1.13| 1.10
14 lexh21 ! 15,87 16 16.19 1.61] 1.36] 1.54 0.00032: 0.00000136 1,18 1.13
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A | B8 | ¢ D | E F Q H | ] 1 J K
1 [SMMM20X T ‘ ! -
2 B} | -
3 [stroke x1 x2 x3 y1 y2 3 b (m) jho (m) igam1 _{g_ngi
4 lexh1 156 15.91] 16.04 4.28] 272] 2.94 0.00044; 0.00000272: 1.57;,  1.08]
8 lexh3 - 1556 1586/ 1599 3.44 2.06| 2.29 0.00043 0.00000208 1.87. 1.11
8 |exh5 15.61. 15.84| 16.03, 3.18 2.07 2.2 0.00042; 0.00000207 1.54. 1.08
7 Jexh? - 15.81° 15.96| 16.13] 2.33 2.1 2.11 0.00032: 0.0000021 1.11] 1.00
8 lexh® =~ 15.77 16/ 16.12 287 2.35| 2.65 0.00035. 0.00000235 1.22 1.13
9 lexhi1 15.57 1585 1599 2.83 1.64! _1.93 0.00042: 0.00000164, 1.79 1.18
10 |exh13 15.684 15.9! 16.07 2.7 1.811 2.11 0.00043. 0.00000181 1.49 1.17
1tlexht5 | 1562 1589 16.04; 3.28 2.27] 229 0.00042. 0.00000227  1.42; 1.01
12 |exh17 15.7 15.88] 16.03 2.3 1.73] 2.09 0.00033' 0.00000173! 1.33 1.29
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[ A Ts] ¢ o | €& | F T Q [ w
1_[IMotored constants “**** | ' !
2 1 BN : E
3 |data s{oil 'T liner (deg ClU (mvs)ip (Pas) 1B (m) [aP (Pa) (& (m)
4 203[em | 92.7 7.33._ 0.01037, 0.00148. 193000,  0.065
[ 251]hs 73 3.7 0.01721] : i
[ 254]hs 101.3| 9.16  0.00792 APBai281.78 i
7 303|mm 92.7] 7.33 0.012e8 : '
8 519/pm 83.3 55 0.01270 !
9 520)pm : 111.2] 11 0.00718 !
10| 524]ps 83.3 55 0.01286.
11] 525[ps | 111.2 111 0.00668'
12 1 Il 5
13 |Fired constants ***** !
14 ;
18 [data s{oil [T liner (deg ClU (nvs)ip (Pas) (B (m) AP (Pa) a (m)
16] 207(cm 132] 3.67  0.00500 0.00146 193000 0.065
17] 258/hs 108 3.67 0.00711
18] 2e63lhs 150/ 7.33, 0.00317 APB= 261.78
19 268fhs 147 9.16_ 0.00332
20| 308/mm 132] 3.67] 0.00803|wrist pin oil thick correction factor
21| 521]pm 141 5.5  0.00445,1500 rpm 1.81
22| s22|pm 180 11/ 0.00345;3000 rpm | 1.55
23| s2elps 141 5.5 0.00392 ! ;
241 527ips 160 11 0.00297 ' H
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Appendix C - Upstroke Model Development
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U _» X1 0 X2

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

I'1 - nondimensional inlet wetting height
I'2 - nondimensional outlet wetting height
ho - minimum wetting height

X1 - local position of I'y relative to 0

0 - local position of ho

X2 - local position of I'; relative to 0

a - radius of parabolic fit of ring tip

b - wetted length

6 -T2-ho

The formula describing the oil height under the ring is

2
h(x) = ho + ("'2"30)
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where x, = 0 (local position of ho). Based on inputs b, I'; with a, 8 and X2 known
from the scraper ring talysurf calculations, ho and I'y 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, I'1, b and h., from a, X2, I'; 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, hinfh0, locl and hQ. The subroutine
hinfhQ calculates hinf/ho. K and Ksubl calculate the values of K in the formulae of
Coyne and Elrod while loc1 calculates the value of X1 (the distance under the ring from
the inlet to the point where h = ho, nondimensionalized). The subroutine hQ calculates
ho. Main calls hQ which calculates ho directly from I'y, 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 locl. Locl 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 X1, the root of the equation for
Wecalc - 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 X1 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 B <

MACRO 9
_|main main program indirect cale  |h0

=RESULT(64) ~RESULT(1)
=ARGUMENT("mu",1) =ARGUMENT("gam?",1)
=ARGUMENT("u",1) =ARGUMENT('s",1
=ARGUMENT( gam2",1) =ARGUMENT("xr", 1}
=ARGUMENT("s",1) =xr2) 2% (gam2-1)

9 |~ARGUMENT("w".1) =RETURN(CS)

10 |=ARGUMENT(xr",1)

11 {=SET.VALUE(AIZMACRO9.XLMb(gam2, 5 x1))

(12 |0.00001 777777777778 [

13 [=SET.VALUB(AI4 ATANGI/SORT(Z*A12))) st non-dimensional x2

14 |0.21998797739546 set noo-dimensionsl x2

78 [«SET.VALUE(A16,w*A 12A12*mu*u*a))

16 [0.081705948372615 * = nondimensional 1osd

17 |0.0001 epsiion

18 |=SET.VALUE(A20,-0.7) setinitial X1 guess

19

20 1-0.8999267578125 new x1

Fil

[22 [=SET.VALUE(AZ6,A20) set old val x1

]
=SET.VALUE(A20 MACRO9.XLMToc 1{AI4,A16,A17)) et new velue x1

26 |-0.8999267578125 ad val x1

27

28 |=I(ABS(A20-A26)<=A 17,G0TO(A29),GOTO(A22))

25 |=SQRT(2*+*A12) lembd

[90 |=A29*TAN(A20) Dimensional left vaive x1

]

| 32 |=SET.VALUE(A38,A12) 10

33 |=SET.VALUE(B38,A30) xl

| 34 |=SET.VALUE(C38 MACRO9 XLMhinfbO(AZOA14)°A12/2)  [binf

28 |=RETURN(A38:C40) retun ast values
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D E
7
3 [iocl
4 _|=RESULT(1)
5 |=ARGUMENT(exr",1)
8 |=ARGUMENT("wstar',1)
7 |=ARGUMENT("eps",1) -
s
NN
70 |-1.3 initiad left value of interval
11103 initial right value of interval
12 |=SET.VALUE(D22.D10)
13 [=SET.VALUE(M23D11) _
4 |=SET.VALUE(D?4,0) zeto counter
18 |=(D22+D23)2 initial x
18 |=IR(D23-D15<eps, COTO(D21),00TOD1T)
17 |=SET.VALUE(D18 MACRO9.XLMhinfdXD15,eAr))
# 1.166255 7645283 - Sohini/0 =1 from CAE
19 |=MACROS.XLMIK(D15,D18)-MACRO9XLMIK (exr,D18)*MACRO9. XLMIK3ub1(D13,D18)*(TAN(exr)-TAN(D15))-wstar|f(x ieft Int val)
20 |=MACRO9.XLMIK(D23,D18)-MACRO9 XLMIK (ex1,D18 )+ MACROS.XLMIKsub 1(D23,D18)*(TAN(exr)-TAN(D23))-wstar|f(x right int val)
21 |=IRSIGN(D19)* SION(D20)<=0,SET. VALUE(D22 D13) SET.VALUE(D23 D15))
2203 Teft_interval val
23 [0.899833315625 right Int value
2
28 [=SBT.VALUE(D24,D24+1) updaie counter
26 | 13)
27 [=RETURN(D15)
28
2
|
31
2
33
EIN
38




K [Keabi
' | =RESULT(1)
- 1
-mcexu) »ARGUMENT("ex",1)
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Appendix D - Additional 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 I'] - motored

Figure 7A: Upstroke model I'j versus I"2 - motored

KEY

pm - pen multi
Ps - pen single
15 - 1500rpm
30 - 3000rpm
M - Wrist pin (McElwee)
B - Skirt (Bliven)
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Oil Flow Up the Liner (g/hr)
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0Oil Flow Up the Liner (g/r)
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FIG 5B
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Oil Row Up the Liner (g/hr)
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Oil Flow Up the Liner (g/r)
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Oil Flow Up the Liner (g/hr)
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FIG 5F
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FIG 5G - Oil Flow between ring and liner.
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MOTORED UPSTROKES
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