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1. INTRODUCTION

The Advanced Propu'sic . Technology Branch (APTB) of the Propulsion and Flight Division (PFD)
is currently engaged in the investigation of both liquid and solid propellant electrothermal-chemical (ETC)
propulsion comcepts. A major goal of this technology investigation is to demonstrate that ETC propulsion
offers senormance advantages (increased muzzle kinetic energy) in comparison 1o conventional solid
propellant performance. To experimentally quantify differences in performance between ETC and
conventional solid propellant technologies requires optimization of the propelling charges. For solid
propellant ETC (SPETC) such an optimization requires an accurate knowiedge of the buming
characteristics (linear bum rate) of the propellant. For the APTB expenimental program, one of the
baseline solid propellants will be M5, lot RAD-64597.

In this report, resuits of the closed-chamber linear burn rate analysis of M5 propeliant will be

presented.

2. PROPELLANT PHYSICAL PROPERTIES

MS is a double base, nitrocellulose and nitroglycerin, propellant. The specific lot utilized in the
experimental program, RAD-64597, was produced in 1966 by the Radford Army Ammunition Plant,
Radford, Virginia. Table 1 provides the propellant composition as provided by the manufacturer (sec
Propellant Description Sheet, Appendix A). Although the sum of the percentages exceeds 100%

(102.19%), this is an artifact of the reporting process utilized by the manufacturer.

Thermochemical properties for the propellant are obtained using the thermodynamic code BLAKE'
based upon the constituent list provided in Table 1. However, the percentages are normmalized to 100%.
For example, the percent used in BLAKE for nitrocellulose is 79.9% (81.65/102.19). The BLAKE results

are given in Table 2.

'Freedman, E. "BLAKE - A Thermodynamics Code Based on TIGER: User's Guide and Manual.” BRL-TR-02411, U.S. Army
Ballistic Research Laboratory, Aberdeen Proving Ground, MD. July 1982.
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Table 1. Composition of MS: Lot RAD-64597

Constituent Percent
Nitrocellulcse 81.65
Nitroglycerine 15.27
Ethyl Centralite 052
Potassium Nitrate 0.82
Barium Nitrate 1.41
Graphite 0.33
Moisture 0.30
Total Volatiles 1.85
Graphite Glaze 0.04

Table 2. Thermochemical Properties for M5: Lot RAD-64597 as Computed by BLAKE

Flame Temperature | 3397 K

Impetus 1093 J/g

Covolume 0.984 cm3/g
Specific Heat Ratio | 1.2258
Molecular Weight 25.70266

Note: Propellant density was measured to be 1.65 glem’.

Table 3. Grain Geometry for MS5: Lot RAD-64597 Utilized in the APTB Experimental Program

Length 0.574294 cm
Outer 0.136906 cm
Diameter
Perf 0.040894 cm
Diameter
Web 0.048006 cm




The grain geometry was cylindrical with a single perforation (i.e., 1-Perf). Specifics of the grain
geometry are provided in Table 3 (also see Propellant Description Sheet, Appendix A).

3. EXPERIMENTAL CONFIGURATION

Six firings, which will be referenced as Tracks 1 through 6, of the M5 propellant were performed at
the PFD High-Pressure Closed-Chamber Facility by Mr. William Aungst in November 1992. The closed
vessel had an internal volume of 209 cm®. The pressure data was recorded (as voltage) for each individual
firing by a single Kistler 607C4 pressure transducer mounted in the chamber wall. Subsequently. the
voltage data was converted to pressure units using an option of the closed-chamber data analysis program
BRLCB.? BRLCB utilizes a second order fit,

Pressure (MPa) = A + B*X + C*X*X

where X is the voltage data converted to pico-columbs and A, B, and C are calibration constants
associated with each pressure transducer. Table 4 gives relevant information conceming the pressure

transducers utilized in the closed-chamber experiments.

Table 4. Information for the Pressure Transducers Utilized in the Closed-Chamber Firings

Transducer Firing A B C Date
ID Calibrated
C13788 Track 1 5.3714E-1 5.2G48E-2 -8.8281E-8 10 May 91
C14430 Tracks 2-6 2.0157E0 5.2474E-2 ~1.2544E-7 21 Apr 92

As mentioned previously, six closed-chamber firings were performed in the experimental series. The
first three firings (Tracks 1-3) had a nominal loading density (mass of propellant/closed-chamber volume,
1d) of 0.25 g/cm® while the final three firings had a nominal loading density of 0.35 g/cm®. In all firings,
the igniter mass was 1.5 g. Specific details of the propellant and igniter masses are presented in Table 5
(see also Appendix B, Closed-Chamber Data Sheets).

30Oberle, W. F., and Kooker, D. E. “BRLCB: A Closed-Chamber Data Analysis Program, Part I—Theory and User's Manual."
ARL-TR-36, U.S. Army Research Laboratry, Aberdeen Proving Ground, MD, January 1993.
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Table 5. Propellant and Igniter Masses Utilized in the Firing Series

] Igniter Propellant l
Mass Mass Prepcllant Id

(g/cm?)
Track 1 1.5 52.4416 0.250917
Track 2 1.5 52.4396 0.250907
Track 3 1.5 52.3564 0.250509
Track 4 1.5 73.1632 0.350063
Track 5 1.5 73.1950 0.350215
Track 6 1.5 73.‘_1§89 0.351622

4. RESULTS

Figures 1-6 show the pressure histories (pressure vs. time) recorded for the six firings. As can be
observed from the figures, the pressure histories appear to smooth with little or no evidence of longitudinal

or radial pressure waves.

The pressure histories, physical properties of the propellant and closed vessel were utilized as input
to the closed-chamber data reduction code BRLCB in order to detcrinine the propellant's apparent linear
regression or bum rate. Preprocessing (prior to the bum rate calculation) of the pressure-time data
included wildpointing and smoothing. Due to the "smoothness” of the pressure histories, Figures 1-6, no
da.a points were modified by the wildpointinrg process. Smoothing was performed utilizing a "fixed
bridge” of length 15. Details of the wildpointing and smoothing algorithms can be found in the report
by Oberle ai: Kooker.

For the bum rate calculation in BRLCB, the difference between the observed maximum pressure and
the theoretical maximum pressure is used as a measure of the heat loss which occurred during the closed-
chamber firing. For a typical double base propellant, such as MS, heat loss is generally 5%-10%.
However, in this series of firings, the heat loss was substantially below these levels (see Table 6). In fact,
for the first two firings, Tracks 1 and 2, the observed maximum pressure was actually greater than the
theoretical maximum pressure (a physical impossibility). Generally, this indicates either an error with the




Table 6. Observed and Theoretical Maximum Pressures

B Observed Theoretical
Max Press Max Press Heat Loss

(MPa) (MPa) (%)
Track 1 373.445 370.573 -0.77
Track 2 370.832 370.555 -0.75
Track 3 368.139 369.779 +0.44
Track 4 592.380 593.182 +0.14
Track 5 590.098 593.575 +0.59
Track 6 591.675 597.216 +0.93

pressure transducer (calibration or physical) or a discrepancy between the actwal propellant
thermochemistry (impetus, flame temperature, etc.) and that utilized in the data reduction code. If the
discrepancy is in the thermochemistry, this normally results from the propellant not having the physical
composition as stated on the Propellant Description Sheet (used as input to the thermochemical code).
Without a new chemical analysis of the propellant, there is no way to rectify this discrepancy. If the
discrepancy lies with the pressure transducer, attempting to correct the pressure-time data is extremely
"risky" since it is often difficult to determine when the transducer went "bad". Fortunately, if the
thermochemistry used in the closed-chamber reduction code is utilized in interior ballistic performance
codes together with the derived propellant bum rates, little effect is observed® regardiess of the source
of the discrepancy. However, in a direct comparison of propellant bum rates from other experimental
firings, the low heat loss values should be recognized. In the BRLCB bum rate reductions, the heat loss
for Tracks 1 and 2 was set to zero; Tracks 3—6 used the value of heat loss shown in Table 6.

The one-page summary of the BRLCB reduction for each firing is provided in Appendix C. The
complete BRLCB output is given in Appendices D through I. Log-log plots of BRLCB deduced bum rate
vs. pressure for each firing are shown in Figures 7-12. No filtering (FFT) of the bumn rates was
performed. From a comparison of the six graphs, it is evident that there is more wave structure on the
first three firings (Tracks 1-3, Figures 7-9) than on the last three (Tracks 4-6, Figure 10~12). The lower
propellant loading density for Tracks 1-3 (0.25 g/cm3 vs. 0.35 g/cm? for Tracks 4-6) and the resulting
increased initial ullage in the chamber is the most likely cause of the increased wave structure.

3Robbins, F. Private communication. U.S. Army Research Laboratory, Aberdeen Proving Ground, MD, 1987.
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Also, it appears that for all six burn rate graphs, the bum rate is fairly linear from approximately
20 MPa to peak pressure. This region for each firing will be utilized to compute the coefficient (b) and
exponent (n) for the traditional bP" burn rate law. This information is presented in Table 7.

Table 7. Parameters for r = bP® Bum Rate Laws, r (cmy/s)

Pressure Range Coefficient (b) Exponent (n)
(MPa) cm/s-(Mfa)“ -)
Track 1 30-280 0.207ﬁ2~18 0.8724
Track 2 30-300 0.251033 0.8332
Track 3 30-300 0.206544 0.8738
Track 4 20-420 0.315470 0.7902
Track 5 30-440 0.295513 0.8046
Track 6 40-420 0.300348 0.8011
S e

5. REPEATABILITY AND COMPARISON OF BURN RATES

An overlay of the log-log of bum rate vs. pressure for the first three firings (Tracks 1-3) is given in
Figure 13. A similar overlay for the last three firings (Tracks 4-6) is presented in Figure 14. In both
figures, repeatability in the bum rate is very good above approximately 20-30 MPa. For Tracks 4-6, the
agreement in bum rate is excellent across the entire pressure range. The better repeatability of the last

three firings may again be due to the higher loading density used for these firings.

Given the repeatability demonstrated for the burn rates in Figures 13 and 14, an average bumn rate
(bum rate law) for Tracks 1-3 and Tracks 46 will be used for the burn rate of this lot of M5 propellant
at the appropriate loading density. Values resulting from averaging both the coefficients and exponents
are given in Table 8. In general, averaging the coefficients and exponents to obtain an average bum rate
is not recommended. A better procedure is to average the tabulated bum rates at the same pressure and
then determine the appropriate bP" burn rate law using the average values. However, considering the
repoducibility between the firings (Tracks 1-3 and 4-6) using the average of the coefficients and
exponents is felt adaquate as shown below.

18
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Table 8. Average Coefficient and Exponent for Tracks 1-3 and Tracks 4-6

Coefficient Exponent

cm/s-MPa" =)
Tracks 1-3 0.221598 0.8598
Tracks 4-6 0.303777 0.7986

Tables 9 and 10 compare resuits from using the average values for the coefficient and exponent with
the coefficient and exponent values deduced in BRLCB for each firing. The percentage difference
between the bum rates for each track and the average should not be taken as measure of the "goodness”
of using the average since the true value of the bum rate is not known. The data is provided for reference

purposes only.

Figure 15 compares the bum rates for the first three firings with those from the last three firings (one
curve from each set of firings). Below 20 MPa, a significant difference in the bum rate values is
observed. However, above 20 MPa to the maximum pressure of the firing with a loading density of
0.25 g/cm3, the agreement in burn rates appears 1o be better. A comparison of burn rates computed for
each group (Tracks 1-3 vs. Tracks 4-6), using the average values from Table 8, is given in Table 11.

As can be observed in Table 11, the difference in the burn rate between Tracks 1-3 and Tracks 4-6
is approximately 5%. This difference in burn rates is not unexpected when comparing bum rates of the

same propellant at different loading densities.

6. CONCLUSIONS AND OBSERVATIONS

Samples of M5 were fired in a closed chamber at loading densities of 0.25 g/cm® and 035 glem®.
The recorded pressure histories, in combination with the propellant and closed-chamber physical properties
were utilized as input to the closed-chamber data reduction code BRLCB. Observations and conclusions

from the bum rate analysis are listed below.

1. Pressure histories for the six firings exhibited minimal or no pressure waves.
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2. Unusually low heat loss values were obtained for all firings. This indicates an error in the pressure
transducer or a discrepancy in the thermochemical values used in the data reduction with the actual

thermochemical properties of the propellant.

3. The deduced bum rates for the firings at a loading density of 0.25 g/cm3 exhibited greater wave
structure than the burn rates for the firings at a loading density of 0.35 g/cm3. This is most likely a result
of the additional initial ullage associated with the 0.25 gjcm3 loading density firings.

4. The log-log graph of burn rate vs. pressure is nearly linear between approximately 20 MPa and

maximum pressure for all firings.
5. Repeatability among the firings of the same loading density is good.

6. A comparison of the burn rates between the 0.25 g/cm> and 0.35 g/cm® loading density firings

indicates a difference of about 5% in the computed rates.
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Table 9. Comparison of Bumn Rates Using Average Values for the Coefficient and Exponent,

Tracks 1-3
BR BR BR BR %Diff %Diff %Diff
Press Tk 1 Tk 2 Tk 3 Avg Tk1-Avg Tk2-Avg Tk3-Avg
(MPa) (cmys) (cm/s) (cm/s) (cm/s) (%) (%) (%)
30 4.0278 4.2704 4.0339 4.1266 -2.39 348 =225
40 5.1768 54271 5.1867 5.2847 ~2.04 2.70 -1.85
50 6.2894 6.5360 6.3034 6.4024 -1.76 2.09 -1.55
60 7.3737 7.6083 7.3920 7.4889 -1.54 1.59 -129
70 84351 8.6510 84578 8.5503 ~1.35 1.18 -1.08
80 94773 9.6691 9.5046 9.5905 -1.18 0.82 -0.90
90 10.5029 10.6661 10.5349 10.6127 -1.03 0.50 -0.73
100 11.5140 11.6448 11.5508 11.6189 -0.90 0.22 -0.59
110 12.5123 12.6072 12.5540 12.6112 -0.78 -0.03 045
{120 13.4991 13.5552 13.5457 13.5908 -0.67 —0.26 -0.33
130 14.4754 14.4900 14.5270 14.5591 -0.57 047 -0.22
140 15.4422 154129 15.4988 15.5170 -0.48 ~0.67 -0.12
150 16.4002 16.3249 164619 16.4653 -0.40 ~0.85 -0.02
160 17.3501 17.2268 17.4170 17.4048 -0.31 ~1.02 0.07
170 18.2924 18.1193 18.3645 18.3361 -0.24 -1.18 0.15
180 19.2277 19.0031 19.3050 19.2597 -0.17 -1.33 0.24
190 20.1564 19.8787 20.2389 20.1762 -0.10 ~147 0.31
200 21.0788 20.7467 21.1667 21.0859 -0.03 -1.61 0.38
210 21.9954 21.6075 22.0886 21.9893 0.03 -1.74 045
220 22.9064 224614 23.0050 22.8866 0.09 -1.86 0.52
230 23.8122 23.3089 239161 23.7783 0.14 -1.97 0.58
240 24.7129 24.1503 248222 24.6645 0.20 -2.08 0.64
250 25.6089 24.9859 25.7236 25.5456 0.25 -2.19 0.70
260 26.5003 25.8159 26.6205 264217 0.30 -2.29 0.75
270 27.3873 26.6405 27.5130 27.2931 0.35 -2.39 0.81
280 28.2702 27.4601 28.4014 28.1600 0.39 -2.49 0.86
290 29.1490 28.2749 29.2857 29.0226 0.44 -2.58 091
300 30.0240 29.0849 30.1662 29.8810 048 -2.66 095
- e —
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Table 10. Comparison of Bum Rates Using Average Values for the Coefficient and

Exponent, Tracks 4-6
] =
BR BR BR BR %Diff %Diff %Diff
Press Tk 1 Tk 2 Tk 3 Avg Tkl-Avg | Tk2-Avg Tk3-Avg
(MPa) (cm/s) (cm/s) (cm/s) (cm/s) (%) (%) (%)
30 46364 | 45611 | 45809 | 4.5944 091 —0.73 -0.30
40 58198 | 57490 | 57681 | 5.7811 0.67 -0.56 -0.23
50 69420 | 68797 | 68972 | 69089 | 048 042 -0.17
60 80178 | 79667 | 79818 | 7.9918 0.32 -0.31 ~0.13
70 90564 | 9.0187 | 9.0309 | 9.0388 0.19 —0.22 ~0.09
80 | 100642 | 100416 | 100506 | 100560 | 0.08 -0.14 ~0.05
90 | 11.0459 | 11.0398 | 11.0451 | 110479 | ~0.02 -0.07 -0.03
100 | 12.0049 | 120165 | 12.0178 | 12,0177 | -0.11 -0.01 0.00
110 | 129439 | 129742 | 129713 | 129682 | -0.19 0.05 0.02
120 | 13.8652 | 139151 | 139078 | 139014 | ~0.26 0.10 005 |
130 | 14.7705 | 14.8407 | 14.8288 | 148191 | -0.33 0.15 0.07
140 | 15.6613 | 15.7526 | 15.7358 | 15.7226 | -0.39 0.19 0.08
150 | 165389 | 166517 | 16.6300 | 166132 | ~045 0.23 0.10
| 160 | 174042 |17.5393 | 175124 | 174920 | -0.50 027 0.12
170 | 182582 | 184160 | 183839 | 183597 | -0.55 0.31 0.13 I
180 | 19.1018 | 19.2827 | 19.2453 | 192172 | -0.60 0.34 0.15
190 | 199356 | 20.1401 | 20.0971 | 200652 | -065 0.37 0.16
[ 200 | 20.7602 | 20.9887 | 209402 | 209042 | -0.69 0.40 0.17
210 | 21.5762 | 21.8290 | 21.7748 | 21.7348 | -0.73 0.43 0.18
220 | 223841 | 226616 | 226016 | 225575 | -0.17 046 0.20
230 | 23.1844 | 234867 | 234210 | 233727 | -0.81 0.49 0.21
240 | 239773 | 243049 | 24.2333 | 24.1808 | -0.84 0.51 0.22
250 | 24.7634 | 25.1165 | 25.0389 | 249821 | -0.88 0.54 023
260 | 255429 | 259217 | 25.8381 | 257770 | —0.91 0.56 0.24
270 | 263161 | 26.7209 | 26.6312 | 265658 | -0.94 0.58 0.25
280 | 27.0833 | 275144 | 274185 | 273487 | -097 0.61 0.26
I 200 | 278449 | 283023 | 282002 | 281260 | -1.00 0.63 0.26
300 | 286009 | 29.0850 | 289765 | 28.8979 | -1.03 0.65 0.27
310 | 29.3516 | 29.8625 | 29.7478 | 296647 | -1.06 0.67 0.28
320 | 300973 | 306352 | 305141 | 304264 | 108 | 069 029
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Table 10. Comparison of Bumn Rates Using Average Values for the Coefficient and
Exponent, Tracks 4-6 (continued)

BR BR BR BR %Diff %Diff %Diff
Press Tk 1 Tk 2 Tk 3 Avg Tk1-Avg | Tk2-Avg Tk3-Avg
(MPa) | (cm/s) | (cm/s) | (cm/s) (cm/s) (%) (%) (%)
l‘ 330 30.83817 314031 | 312756 | 31.1834 ~1.11 0.70 0.30
“ 340 31.5742 | 32.1666 | 32.0326 | 31.9358 -1.13 0.72 0.30
u 350 323058 | 32.9256 | 32.7852 | 32.6838 -1.16 0.74 0.31
“ 360 33.0330 | 33.6804 | 33.5335 | 33.4275 -1.18 0.76 0.32 )
|| 370 33.7560 | 344312 | 342777 | 34.1670 -1.20 0.77 0.32
380 34.4749 | 35.1779 | 350178 | 34.9025 -123 0.79 0.33
390 35.1898 | 359209 | 35.7542 | 35.6341 -1.25 0.80 0.34
400 359009 | 36.6601 | 364867 | 36.3619 -1.27 0.82 0.34
410 36.6083 | 37.3958 | 372157 | 37.0861 -129 0.84 0.35
420 37.3121 | 38.1279 | 379411 | 37.8067 -1.31 0.85 0.36
430 38.0124 | 38.8566 | 38.6631 i 38.5239 -1.33 0.86 0.36
440 38.7092 | 39.5821 | 39.3817 | 39.2378 ~1.35 088 037
DR e

Table 11. Comparison of Average Bumn Rates, M5 Lot RAD-64597 at Loading Densities of
0.25 g/em® and 0.35 g/cm?

'LPnessure Burn Rate Bum Rate % Difference
_ 0251d_| 0351 l
30 4.1266 45939 ~10.17
40 52847 5.7804 -8.58
50 64024 6.9080 -132
60 7.4889 7.9907 -6.28
70 8.5503 9.0375 -5.39
u 80 95905 | 10,0545 —4.62
90 106126 | 110462 -392
& 100 116189 | 120159 -330
110 126112 | 129662 -2.74
120 135908 | 138992 -222
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Table 11. Comparison of Average Bumn Rates, MS Lot RAD-64597 at Loading Densities of
0.25 g/em? and 0.35 g/cm® (continued)

BR BR BR
Tk 1 Tk 2 Tk 3
(MPa) (cm/s) (cm/s) (cm/s)
‘ 130 14.5591 14.8167 ~1.74
IL 140 15.5170 15.7200 ~1.29
150 16.4653 16.6105 ~0.87
160 17.4048 17.4890 ~0.48
170 18.3361 18.3566 ~0.11
180 19.2597 19.2139 0.24
190 20.1761 20.0617 0.57
200 21.0859 20.9005 0.89 1
210 21.9892 21.7310 1.19 H
220 22.8866 22.5535 148 l|
230 23.7782 23.3685 1.75
240 24.6644 24.1764 202
250 25.5455 249776 2.27
260 264216 25.7723 2.52
F 270 27.2931 26.5609 2.76
280 28.1600 27.3436 2.99
290 29.0226 28.1207 321
300 29.8810 28.8924 342
310 30.7354 29.6590 3.63
' 320 31.5859 30.4206 3.83
r 330 324328 31.1774 4.03
340 33.2760 31.9296 422 |
350 34.1158 3267174 440 4
| 360 34.9522 33.4209 4.58
370 35.7854 34.1602 4.76
380 36.6154 348956 4.93
390 374424 35.6270 5.10
400 38.2663 36.3547 5.26
410 39.0875 37.0787 542
420 39.9058 37.7991 5.57
brxreera
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Table 11. Comparison of Average Burn Rates, M5 Lot RAD-64597 at Loading Densities of
0.25 g/em® and 0.35 g/cm® (continued)

BR BR BR

Press Tk 1 Tk 2 Tk 3
(MPa) (cm/s) (cm/s) (cm/s)

l 430 40.7213 38.5161 573
L 440 41.5343 39.2298 5.87
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C PROPELLANT DESCRIPTION SHE
(AR 715.509) X
amsey RAD-545%/ of Tion NG =D SP YOMM
VAT E/ETE. BEAT M371AT LT M T3 223580 "on
i RADFORD ARMY AMMUNITION PLANT.RADFORD, VA _ 00" 165,955
COMTRACT MO, - - DATR 4_"__2_&:__4_9____,__3.':|'1c‘7|°~ ,‘B_MIL’P"%426A (MU5 W)go 38573‘-5__@}'1&
AMC-37(A) EO 41451-S
T OSE
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INFORMATION SHEET FOR IJ

Date: 30 77@ 72 f

Firing Record Number:

Project;
POC: ST WE
s . R Numb ( -slYeasaV
eries Run Number: :
el fOms
Propellant or Sample Type: MY Lot Number: Q‘IS 27 -5
Impetus: "*361)\140} Sample or Grain Dimensions:
Sample Weight; S .4 ¥k Sample Treatment: (BRGAE'D

Igniter:_ﬁ%@ﬁ_ﬁ;_ Igniter Weight: la [»]

Closed Bomb Used:__ ¢£9

Relevant Information: .Z_S-,Q,& CI\J S'Lq,.,.,)
e >

e =2 704

P (Calc):_g_Lx 103. PSS L Sampling Rate: AU/ 2 = 284S
max A
Gauge #1: ‘3722 (‘c \2}) _ Sensitivity}
Gauge #2: ’ Sensitivity:
Disc Identification: LE “D; \Med
' e 2, #1 #2 K
Gauge

Tracks used: 4q 9 Yﬂlc-l Trigger (. V v

Wiz VinggiS

v out_g'a

[~
Range = /0>
T = 3379K MW -o5#9 1 Seaivy 22

: \
= /093 3/3 /3‘/.65 U= 55xs0%p5s, \.
: +98%
35
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BEEEEEEEE——

INFORMATION SHEET FOR IND%

Date: 37 ],zg‘?"'

Firing Record Number:
i

f}

Prajéct:

poc: & IOB(“E

LgrebemV

Series Run Number:_ e

Propellant or Sample Type: /w -,ﬁ-

Igniter: I Q_@m (2 (é )

Sample or Grain Dimensions:

Impetus: A 3¢ 1 Kl03 ~
Sample Treatment:ﬁ&sggcl '

Sample Weight: $3.4366
Igniter Weight: .52 s

Lot Number: 54547" S

A

e —

Closed Eomb Used:uc‘
o g-—-—-—'/-_———- ——
Relevant InformationyHAUCE WRESKURE. IRAVSDICERS )
—WiClecidus
“’MS

Sécﬁpl ing Rate: A/ 2«

! L.
V -,
Foo(Cale):_§2 X jef PS/
max
Gauge #2Z:
Identification:ORZRLE Dy 2"“(1
NTEN

Disc

Track;s used: QY”LQ l
Ltez

36

Sensitivityy

Sensitivity:

#1 #2
Gauge
Trigger/.s~ V \2 !
Vinf - —
A T —
Range 3 ”
Full Scale dl

/= s5x103Ps



INFORMATION SHEET FOR INDI\

Date: 13'/\.’00 q@‘ :

Firing Record Number:

Proj ect;

POC:

S TR IE

Nueg282-

NICD [0.us

Series Run Number: )z

Propellant or Sample Type: M -4~

Lot Number: éi.ﬁlﬁ_

Impetus: ‘5._3_@3\ LQE

Sample Neigh&:sﬂ- 35¢Y

Igniter: {. G\SM (2 ‘q;)

Closed Bomb Used: @09

Relevant Informatien:

Sample or Brain Dimensions:

Sample Treatment: Bn gsgd |

Igniter Weight: l.$® oM

F o (cale):_S&x 03 Psy

Gauge #1:__ (Y430 QLJ“)

Gauge #2:

Nict: oans

Sa'n;pling Ratel A 2 o /s Aa S

Sensitivity;

Sensitivity:

Disc Identification: g3 EBLE D g{ Nic¥
Nic > #1 "2

Trigger/;,~ V v

Tracks used: _1
&; 1€ 2

Bauge ' }

Vinn,4"

V out. oo

Range""‘?ﬁ,"
Full Scal

veessecmm——

7= 8IX /o3PS
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INFORMATION SHEET FOR INDI

Date: a& MQIZ‘Z% ,

Firing Record Number:

Project;

pocs_ STelBikE ‘ -27980wy
AT /s

Series Run Number:_ l‘/

Propellant or Sample Type: AA 46-/ Lot Number: 6 L{b“‘f 7"'3
Impetus: o 3E&X L&3 : Sample or Grain Dimensions:

Sample Neigh;ﬂB . fé.g‘g-gp‘_ Sample Treatment: 84-5084. ‘ ".\‘
Igniter:: f fsm (3 C-l) ‘ Igniter Weight: |.§o g’m ’ |

3

Closed Eomb Used: 207 ec

Relevant Information:

. Nic 1 2% s
P (Cale):__ €2, T o= ' Sampling Rate: > ¢!

max
Gauge #1: I‘/‘f’@ - Sensitivity; S= -385%
Gauge #2: Sencsitivity:
Disc Identification: O BERLIE Dy %N’C’
Vie 2~ #1 #2
Niey Gauge
Tracks used: U , .0+ 20 Trigger /.8~ V v
vV ingy 0 {
V out/ . &

2
Range =X 103 I
Full Scal &%’ ——

L.t

V< S&Xp03

¥ yre—_
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INFORMATION SHEET FOR INDI;,

pate: A3 Mov §2

Firing Record Number:

Projéct:

poc: S TLB/E

Mic 1 JomS :

Series Run Number: %~

Propellant or Sample Type:ﬂ v;‘\'d Lot Number: é L{.S-i 2 -:s

Impetus: o B6rX/le> - . Sample or Grain Dimensions:
Sample Weight! 23, 1950 ' Sample Treatment: ]3. ssed |
Igniter:_/gﬁ:?‘a__L}_Es_l___l Igniter Weight: l.go

Closed Bamb Used: aaiag_

Relevant Inforamation:

pic 1« 10 A g

F o (Cale): §3 0op Psy : Sampling Rate: Mic >~ & ax$
max v
Gauge #1:_ /< ¥3p - Sensitivityy 3— 385
Gauge #2: Sensitivity:
Disc Identification: 05 ERLE ] g”"'l
< 2 #1 #2 !
_ Mie 2 Gauge ‘
Tracks used: A te 2 Triqg;er!‘f’ Vv \4 .
- " iny, 560
1% Out‘é-w
Range X !"?
Full Scal

L VEFEXRseS
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INFORMATION SHEET FOR INDi

,‘

pate: 4.4 Moo 25

Firing Record Number:

Projéct:

POC: ‘8750/i ' _

N/C (C .=

Series Run Number: é

Propellant or Sample Type: /M"' \S~ Lot Number: é?/ﬁff 7-8

5 ,
Impetus: e L /X007 Sample or Grain Dimensions:

Sample Weight: /3 . #8879

Igniter: '-E_g'gm (3 (3‘)

Closed Bomb Used: adf (S

Relevant Intormation:

Sample Treatment: BcégeA '

fgniter‘ Weight: [, 50 %&;

P (Calc): F 3 000 P5i

max

Gauge #1:_ /¥ ¥30

Gauge #2:

Disc ldentification: DBERLE

MiC 1=z /0 s
Sémpling Rate: A//C X< 5'_““5_

Sensitivity;

Sensitivity:

nvie 1
0‘/ {v.'( 2.

] 4
Tracks used: ,ﬁ’"g 2.

#1
Gauge
Trigger/. £r v

V ing s€o

V out ¢

Range X/o¥
Full Scal —

$ V=85 X107
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QUTPUT FILE: a:mStl.ot

Information File:a:m5tl.inf Pressure Burn Rate
Project Name : BC M5 BURN RATES (MPa) (cm/sec)
Propellant Type :M5 20.0 3.198
Grain Geometry :1-Perf. Cyl. 72.0 10.199
Grain Length(cm): .57429 100.0 11.270
Outer Diameter : .13691 140.0 15.161
Perf Diameter : .04089 200.0 21.386
Inner Web : .04801 240.0 24.843
Middle Web : .00000 300.0 28B.494
Outer Web : .00000 340.0 24.533
Prop Thermochems:
Impetus (J/g) : 1093.00000
Flame Temp (K) : 3379.00000
Density (g/cc) : 1.65000
Molecular Weight: 25.70266
Covolume (cc/qg) : .98400
Gamma : 1.22580
Burn Rate Laws (MPa & cm/secC)
Pressure -- Pressure Coeff Exp Corr Coef £

18.67 37.34 .547756 .6008 .9740830

37.34 93.36 .170881 .9187 .9397104

93.36 280.08 .239805 .8440 .9832941

30.00 280.00 .207218 .8724 .9928279

10.00 30.00 .210789 . 9045 .9876295

Hor. Axis: 2.65 to 369.03 MPa :: Ver. Axis: .12057 to 28.57495 cm/sec

28.57495 'Y *
kkkh *
kA RR
kkhhkhR
Kk kkd *
* Khkk
Kkkkhr
*khk
L X 3
Hhhh
4.61742 - khkRhE
'Y
kk*
*hk
*hk
*E
*%
PP
xhk
k%
.74613 - * &
*hk
* %
Akhk
* ANk
L 2 X
* *
e
‘ *
.12057 e mrmre e e e ee R |
3. 14. 71. 369.




OUTPUT FILE:

a:m5t2.0t

Information File:a:m5t2.inf Pressure Burn Rate
Project Name : BC M5 BURN RATES (MPa) (cm/sec)
Propellant Type :M5 20.0 2.867
Grain Geometry :1-Perf. Cyl. 72.0 9.405
Grain Length(cm): .57429 100.0 9.498
Quter Diameter : .13691 140.0 15.447
Perf Diameter : .04089 200.0 20.219
Inner Web : .04801 240.0 25.408
Middle Web : .00000 300.0 28.626
Outer Web : .00000 340.0 23.343
Prop Thermochens:
Inpetus (J/g) : 1093.00000
Flame Temp (K) 3379.00000
Density (g/cc) : 1.65000
Molecular Weight: 25.70266
Covolume (cc/g) : .98400
Gamma : 1.22580
Burn Rate Laws (MPa & cm/secC)
Pressure -- Pressure Coeff Exp Corr Coef £
18.54 37.08 .174479 .9298 .9852290
37.08 92.71 .247634 .8399 .9494147
92.71 278.12 .177142 .9003 .9667697
30.00 300.00 .251033 .8332 .9911913
30.00 280.00 .249648 .8346 .9902594
Hor. Axis: 2.65 to 370.37 MPa :: Ver. Axis: .00019 to 28.64627 cm/sec
28.64627 - * Rhkhdkhhk *
*k khkhkd
hhkdkhkd hkk
khkhkhkihk *&
I 2 X XX X
kkkhhkdkik
*hkk
* kk
skt
k&
.53712 - * kkkk
L2 2 R 2 24
(2 2 2 2 2 24
(22222 K]
khkhkdkh
tthk *
*khk
*h*k
* %
* ¥
.01007 -
.00019 R et Dbl R ittt R ettt
3. 14. 71. 370.
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OUTPUT FILE: a:m5t3.ot

Information File:a:m5t3.inf Pressure ~urn Rate
Project Name : BC M5 BURN RATES (MPa) ‘cin/sec)
Propellant Type :M5 20.0 2.96"7
Grain Geometry :1-Perf. Cyl. 72.0 6.756
Grain Length(cm): .57429 100.0 10.918
Outer Diameter : .13691 140.0 16.040
Perf Diameter : .04089 200.0 21.948
Inner Web : .04801 240.0 23.731
Middle Web H .00000 300.0 28.954
Outer Web : .00000 340.0 23.525
Prop Thermochems:
Impetus (J/q) : 1093.00000
Flame Temp (K) : 3379.00000
Density (g/cc) : 1.65000
Molecular Weight: 25.70266
Covolume (cc/g) : .98400
Gamma : 1.22580
Burn Rate Laws (MPa & cm/secC)
Pressure -- Pressure Coeff Exp Corr Coef £
18.41 36.81 .308054 .7519 .9694617
36.81 92.03 .157450 . 9450 .9448234
92.03 276.10 .221427 .8594 .9075660
30.00 280.00 .204503 .8762 .9906946
30.00 300.00 .206544 .8738 .9913580
Hor. Axis: 2.65 to 364.95 MPa :: Ver. Axis: .00501 to 29.12210 cm/sec
29.12210 - LA A A AL L S
L2 24 2 XX 4
L X & % 2 &4 *
Rk
LX X 2 BER
* %%
L2 2822 &4
* % k%
* %k ¥k
*
1.61990 - Aaw
* k&
*xk
kkk *
L2 & £
k&
khhhkkk
khkhkhkhdknn *
L2222 22X
L2 X2 2 & 24
.09011 kkhkk
£ 2 2 X 2
L2 2 28]
[ X 2 33
* %
* k&
* %
.00501 e bl I ittt ek | = |
3. 14, 71. 365.




OUTPUT FILE: a:m5t4.o0ot

Information File:a:m5t4.inf Pressure Burn Rate
Project Name tHCC M5 BURN RATES (MPa) (cm/sec)
Propellant Type :M5 20.0 3.176
Grain Geometry :1-Perf. Cyl. 72.0 8.664
Grain Length(cm): .57429 100.0 12.131
Outer Diameter : .13691 140.0 16.522
Perf Diameter : .04089 200.0 20.487
Inner Web : .04801 240.0 24.935
Middle Web : .00000 300.0 29.528
Outer Web : .00000 340.0 32.568
Prop Thermochens: 400.0 36.083
Impetus (J/q) : 1093.00000 440.0 38.710
Flame Temp (K) : 3379.00000 500.0 39.079
Density (g/cc) 1.65000 540.0 33.270
Molecular Weight: 25.70266
Crvolume (cc/g) : .98400
Gamma : 1.22580
Burn Rate Laws (MPa & cm/sec)
Pressure -- Pressure Coeff Exp Cor— Coef £
29.62 59.24 .510368 .6653 .5892604
59.24 148.10 .274854 .8155 .9786542
148.10 444.29 .283246 .8109 .9916131
20.00 420.00 .315470 .7902 .9982091
Hor. Axis: 2.78 to 591.81 MPa :: Ver. Axis: .00081 to 40.56155 cm/sec
40.56155 - bl A *
123 2% 2]
L2 32 8 23
khkkhkk
L2 2 22 2]
L2 22 X
t 2 & 2]
k%
*k &
* &k
1.10140 - **
kkk
Rkt
* *kk
thkhkth
thkhkdhhk
L X2 222
(2 2 2 2 23
th¥hk
|***
.02991 *
*
% *
.00081 e e e R R ittt s |
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OUTPUT FILE: a:m5t5.ot

Information File:a:m5t5.inf Pressure Burn Rate
Project Name tHCC M5 BURN RATES (MPa) (cm/sec)
Propellant Type :M5 20.0 3.140
Grain Geometry :1-Perf. Cyl. 72.0 8.548
Grain Length(cm): .57429 100.0 12.080
Outer Diameter : .13691 140.0 15.338
Perf Diameter : .04089 200.0 20.222
Inner Web : .04801 240.0 24.735
Middle Web : .00000 300.0 30.072
Outer Web : .00000 340.0 32.874
Prop Thermochems: 400.0 36.211
Impetus (J/Q) : 1093.00000 440.0 39.151
Flame Temp (K) : 3379.00000 500.0 40.342
Density (g/cc) : 1.65000 540.0 32.591
Molecular Weight: 25.70266
Covolume (cc/g) : .98400
Gamma : 1.22580
Burn Rate Laws (MPa & cm/secC)
Pressure -- Pressure Coeff Exp Corr Coef £
29.50 59.01 .323998 .7833 .9912014
59.01 147.52 .282177 .8120 .9814939
147.52 442.57 .284842 .8120 .9964502
30.00 440.00 .295513 .8046 .9987165
Hor. Axis: 2.84 to 571.53 MPa :: Ver. Axis: .00034 to 40.86246 cm/secC
40.86246 - LA AR A *
L X X3 & 3
(X2 X322 3
L2 2 22 &
L XX X X 3]
thhkdk®
[ 2 2 2.2 4
L2 2 X ]
% *
* k&
.82658 - Kk Ax
*k Khk&k
hkkkk
Rk kb¥x
thhkdk
ktkhk k%
thkhkt®
* Rhihk
(2 2 X ]
'*
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*
.00034 R bt el e ity e Rttty |
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OUTPUT FILE: a:m5té6.ot

Burn Rate
(cm/sec)
3.158
8.870
11.290
15.523
20.279
24.572
29.642
32.535
36.483
39.456
39.501
33.740

40.41475 cm/sec
*

khkhkk

*hk* *

Information File:a:m5t6.inf Pressure
Project Name ¢+HCC M5 BURN RATES (MPa)
Propellant Type :M5 20.0
Grain Geometry :1-Perf. Cyl. 72.0
Grain Length(cm): .57429 100.0
Outer Diameter : .13691 140.0
Perf Diameter : .04089 200.0
Inner Web : .04801 240.0
Middle Web : .00000 300.0
Outer Web : .00000 340.0
Prop Thermochems: 400.0
Impetus (J/Q) : 1093.00000 440.0
Flame Temp (K) 3379.00000 500.0
Density (g/cc) ¢ 1.65000 540.0
Molecular Weight: 25.70266

Covolume (cc/qg) : .98400

Gamma s 1.22580

Burn Rate Laws (MPa & cm/secC) :

Pressure -- Pressure Coeff Exp Corr Coef £
29.58 59.17 .326743 .7850 .9917435
59.17 147.92 .288910 .8068 .9892018

147.92 443.76 .281014 .8136 .9970241
40.00 420.00 .300348 .8011 .9987572
Hor. Axis: 2.81 to 591.61 MPa :: Ver. Axis: .00748 to
40.41475 -
khkhkk®
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BRLCB RESULTS FOR TRACK 1
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INTENTIONALLY LEFT BLANK.
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BURNING RATE ANALYSIS
BRLCB V3.0
ADVANCED BALLISTIC CONCEPTS BRANCH -~ BRL

Project M5 BURN RATES Requested by : W. Qberle
Inf File: a:mStl.inf Created From .MAS File : a:mS5.mas
P/T File: a:m5tl.pvt Calculation Output Flle. a:m5tl.out
Smoothed: a:m5tl.pdt Graphics File a:mStl.dat
Fired on: 20 Nov 92
FIRING REMARKS:
Bill Aungst: Operator
REDUCTION REMARKS:
Reduced on 12 Dec 92 by Bill Oberle
IGNITER INFORMATION

The Igniter Used Is : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Ord.

IGNITER THERMOCHEMICAL PROPERTIES
Impetus (J/g) : 290.0 Molecular Weight: 66.37000
Flame Temperature (K) : 2188.0 Covolume {cm’/g) : .78500
Density (g/cmd) : 1.75000 Gamma : 1.21840

PROPELLANT INFORMATION

M5 Lot: RAD-64597 Of 1966
Radfort Army Ammo Pl

Following Sheets of Output

The Propellant Used Is
The Source For The Propellant Is
Propellant Thermochemical Properties

" ¢a oo

PROPELLANT GRAIN GEOMETRY

Grain Type: 1-Perf. Cyl.
Length -== (cm.): .574294
Outer Diam, {(cm.): .136906
Perf Diam. (cm.): .040894
Inner Web {cm.): .048006

Bomb Information

Gage Information

Bomb Type : Closed Chamber Gage I.D. C13788
Bomb Vol (cm®): 209.0 Input Voltage +  7.3150
Constants For Fit: A+Bx+C~2
A: .53714E+00
B: .52948E~01
C: -.88281E-0Q7

Temperature and Charge Mass Information

Propellant Mass (g) : 52,4416 Igniter Mass (g) 1.5000
Initial Temp. Prop. (K) 294. Igniter Temp. (K) 294.
Initial Bomb Temp. (K) 294.

Number of Propellant Grains: 4127.72

Number of Wildpoint Passes : 1 Wildpoint Tolerance: 5.000
Number of Smoothing Passes : 1 Smoothing Option 1
Bridge Length s 15

E2 2223 22222222222 2222 22 st sl R

L2 22222222222 22222l s Rt RS AR
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t2 22228 R2ARRRSRE R 2222 222222022022t R8s AR R Rttt s 8

Total # Layers = 1

Chamber Volume (cm®) = 209.000

Heat~Loss-Fraction (n-d) = .000

Time Step (mil-sec) = .10000000E-0Q1 Max Time Steps = 1200

Convergence Criterion = _10000000E-04

Computation Type (1=BURN-RATE, 2=PTGEN, 3=SURF AREA, 4=INTERR BOMB, 5=ETC) 1

AR AR R AR AR R R AR AR R AR R RN KRN AR R AR AR KRR AR A AR AN R AR R AR AR AR AR A AR A KA AR AARAA AR AR RS

Beginning (1) of Layer End (2) of Layer

122222282222 22223332322 22222 822222222 s2RSRRtsRsdtR sttt R R ss s

Propellant Mass in grams
I R R 2 R R R P22 22323223 2222323322223 33 2222222222222ttt Aot hdssy

1 52.44161
Ignitor 1.50000
Air .21234

I 3 222223 2223223222232 322222323323 2332222223222 2222228222222 2222222222 22X 2

Propellant Density in g/cm3
P Y122 3 2222322222222 222223 328X 322223 a2 322222222 SR80 R0 22 2 2222222 3
1 1.65000 1.65000
Ignitor 1.75000

L2 Y 2 2 2 2222222332234 322 2322222228ttt sl

Propellant Impetus in J/g
I T 2 2222 R e R R s Z22322332322 2332222222222 22222222222 222222
1 1093.00000 1093.00000
Ignitor 290.00000

12 2232233232233 323233232333 23222332323 2332232222322t R Rt R 2R 8RR 22 2R R2R s 8

Propellant Flame Temperature in deg K
I3 22 R 22 223222222222 RS2SRRSR L2222 222t a0 Rdt2aa R st i sss s
1 3379.00000 3379.00000
Ignitor 2188.00000

b2 2233222232222 2222222322222 2222t tstttst ittt st io s 2R dteRE SR

Propellant Molecular Weight in g/g-mole
b2 2223222323232 8222232222 XXSS2X2222 232222222 222222 iRt iRt s s d RS
Ignitor 66.37000
Aix 28.90000

b A A2 22222222 2322222223t 222X 222 Rttt sl RS S

Propellant Gas Constant in cal/g~deg K
[ 2 XX S22 RS2 222222 222X X222 X222 2222222222 X228 22228222222 XSS s

1 .07731 07731
Ignitor .02994
Rir .06876

t2 2242222222222 222222222 232 2233022223322 f22 22222222 SRRt 22ttt tl sl s s

Gamma (Ratio of Specific Heats)
(322822 322282222232 822 8222233223332 2222 82222 ¢ 2R X222 SRR

1 1.22580 1.22580
Ignitor 1.21840
Air 1.40000

L2 228222222222 ssdRgsRasssRs i io it sttt d s it et st s sy

Specific Heat (Cv) in cal/g-deg K

L2223 222 2R 22222 as2 st a3 3R i 02222222 it s 02 RS2

1 .34240 .34240
Ignitor .13709
Alr .17190

L2222 2222222212222ttt i it ittt s

Covolume in cm/g
L2 2222382222222 2222223222222 4222222223822 222 2Rt 2X2 X232 22222 s 203X R X1

1 .98400 .98400
Ignitor .78500
Alr .98000

(2322232322322 222222222 tdR 22222 cs2 2t iR R R R R Rttt sttt eE s )

52




10~30009008%° = 3nouang 3@ (wo) zede 3o yidsqg
v0+30V9LBSEC” = 3nouang e (§ bop) sanjexsdwe] zacueyd
£0+306€ELG0LE® = Jnouang Je (BJW) 2INEE9IJ IdqWEYD
10+300000LTE" 30 (D9STTITTW) FWIL 91039 §82 = N de3S uo Ino pauing sey [ = £ YIAVT INVTITIJOHNd x»»

00+300000000° PO+30L9T8S8T"
F0+30208¥EVT’ 00+300000000° ¢0+30191T¥hPEZS” T0+30E9€TE9L” 00+300000000° T =¥IAVT T =N

»»y (WD) GHILAYQA

wxx (MDOP)HOL yxx (ZWO)UNSY wxx (S/WO)UEY xx¥ (WD)UWAL xxx (BRAWIHOA xxx (SW)FWIL sxx HIXYT wxx N sxx
»¥ SWJL 'SA 2INSS914 Ioqueyd UAATH B uo peseg 593ey Butuing peonpag :SITNEA xs

PO+E0V9LBSEE" = BSOT 3JedH/mM () Hop) sanjezadwsl adqWeRYD WNWIXERW
£0+306ELSOLE" = 60T JedH/M (BdW) SINEEOIJ ITOqWEYD WNWTXERW
20-3085L692L° - = (T®D) IBqWeYD WOIF £607 JILIH TRIOL WNUWTXPH

000’ = UOTIORII-EE0T-IedH ©® DUTUNESEY yxx»

PO+IOPILESEE” = (M Bop) einjexadws] TaqWRYD UNWTXPK TRIFIST0aYL
€0+306€LSOLE" = (edW) 9INESd1g IIqURYD WNWTXRH TeITISIO|Y]
sxswxxy O3 §373710d0Ig TOQUEYD UWNWTXCN ssxxyxxs

PRegrrggvavgvavgvvavg vV T 2 T T T T PP T T I T T I I I T T I IR PE LT LT EE R TR B SR PR P PR R R VvV I I Rrgve g Vg S vgvgvg v Vg vavavgvgeeveeey

53




£0-30S08T1€1
£0-409¢68521°
t0-30TP0LIZT
£0-30Tr1E91 1
£0-308¢ZST1Y”
£0-30£$T901 1"
£0-30£P€8C01
£0-308SE9901°
P0-3097vv866°
$0-306L9+086
YO-J0TSYSTEs”
PO-J0TLISLI6
P0-3098€9698°
PO-J06819LSE
PO-30€r1L608
P0-306E1LE08
PO-HO6ELLSSL
0-200678L0L"
¥0-301¢P8689°
$0-J0L168109°
P0-30LY06979°
$0-300LY68LS
Y0-H0SOV6SLS
PO-J08LLOLTS
¥0-30T01008%
Y0-d0TE00LLY”
Y0-30S0L 06Ty
P0-40191062Y
$0-3098€£018¢"
PO-d0EPTO18L”
rO-300Tr0Eee’
PO-2068t01¢CE
PO-d405rCol e’
PO-H0T9E0ELT”
PO-40LLE08ST
PO-J08PE001T’
00+300000000°
00+300000000°
00+300000000°
00+300000000°
00+300000000°
00+300000000°
00+300000000
00+300000000
00+300000000°
00+300000000°

YO+30eYITET
PO+IOMIBLOCT
PO+IOTISYOTIT
PO+3010¥E8TT
PO+I0SPEILTT
PO+30698T9TT’
PO+F0SL6SSTL”
POHAOLETLYTT
PO+I0OVTLBETIT
PO+306LL0ETT
PO+H0ESSO1TT
PO+I0L8BIITT
PO+A0E0L00CT
PO+H06PS161T
PO+IOPOVLSIT
POFIOVLLILIT
POHIOVCIBSIT
P0+30E988PIT
P0+3080S6L 1T
$0+300589Z1T
$0+30600S 11T
P0+30€£064017
$O+30L16¥60T
PO+30v89180C°
PO+I00£9890C
PO+d0OvTOLSOT
PO+30LT8SYOT”
P0+309108£0C
PO+30150620T
FO+3010L610C°
P0+30007010C
PO+A096 V00T
PO+306LE8661°
PO+H06ZSYB6L”
$0+305906L61°
PO+308ITIL6L"
PO+d006TLS6L”
PO+J0LT89P61"
PO+HO8LSECET”
PO+30L8L9161°
P0+30L8TL061"
PO+H0LEL868]”
P0+3012708881°
PO+HOESET8BI’
PO+I0S905L81°
PO+30TE19981°

PO+O16SEEPT
PO+I0IPOLEPl
PO+30589LEVL’
PO+I06TLEEPT
PO+HIOVLLEEYL
PO+I0TBLEEYL
PO+IAOSTBEEPT
PO+I0LESEEVT
YO+30188EEvD
PO+20868EEVT
PO+I0TPEEEYL”
PO+HH09S6EEYL”
P0+30000PEPT
PO+a0110PEPT”
PO+H0SSOvErL”
P0+30190pEPL”
PO+HH0SOIPEYL
PO+HO6YIVEDT”
PO+H0991PEYT”
PO+H001TPEPT’
POHIOPITHEPT”
PO+H089TYEDPT”
PO+IOLLIVEYT
PO+HOSTEPEPL”
PO+I06SEPEDPT”
PO+HA0T9EPEDL’
PO+I090EPLYL’
vO+I090VPEPT
PO+HHOISYPEPL”
PO+I01SHPEDPT’
PO+HOS6PPEPT
PO+A0905PEY]”
POHH0905PEPT”
PO+HH00SSPEPT
PO+HOYOSYEYT
PO+HH0I8SPEPT
PO+HOTO8PEYT
POo+I0T08PErL’
PO+HOTOBYEVT”
$O+H0Z08PEPL”
PO+A0T08PEPT”
PO+H0T08PEYT”
PO+I0T08PEDT”
vO+a0708pEYL”
PO+HOT08PEDL”
YO+HOTOSYEPT

00+3076T868S
00+3059p1¢5¢
00+30vL60ELY
00+300ESC6EY
00+H0LSOLISE
00+301L6L08T
00+30800T18T
00+30r10790¢
00+30099916T"
00+309TCs6TE”
00+309LPSEIL
00+3066€9¢1¢"
00+30999ptEE”
00+301BL6E6T
00+3058TrE it
00+300v$60LE”
00+H30LPE90SE”
00+H0tETLET
00+3018€LPTE’
00+d019ETSSE”
00+30S19STIE”
00+30769T18C°
00+3061p161¢"
00+30£TT05S¢E”
00+3058L99T¢
00+3086¥596T°
00+301559¢vT”
00+J0EVELLIT
00+30LEST8TT
00+J0tLYBIET
00+300C06v81°
00+08LTOCHT”
00+3000599¢T
00+30£010LTT
00+H0VP10PST”
00+30908LLYT
00+308119€LT
00+20S01v85T
00+3012T8STE
00+209966£8C°
00+d0S88Y681°
00+30£96%661
00+d01296L91"
00+30eSETIEL
00+d06bL9T91”
00+a0¥9950¢C1"

L0+J0E60E1TS”
C0+A0T/YPITS
T0+2001 LS1TS"
CO+I01TLIITS”
TO+I068LLITS
CO+H09TS8ITS”
20+30L116128°
€0+d0LS861TS"
10+3099502Z¢
0+3028212L8°
03091 TS’
<0+30SELTTLS
T0+30019¢€22S
TOHHOET evTTS
T0+301008TLS
CO+IOLOLSTTS'
TO+HH09S L9TTS
L0+309SYLTTS
T0+3091 1878
LO+F0E668LLS”
C0+I0L6L6TTS”
CO+0TLYOLTS
CO+I0BTLIETS
TO+I0E861 €75
TO+H0608TETS”
TO+J06TSEETLS’
CO+30TITHELS”
TO+I0TBIVETS'
TO+HOSTTSETS
c0+H0£9L 565"
COHIOTIE9ETS’
T0+308£99¢€2S”
70+a05869¢L7S"
CO+HOBSLLETS
C0+I06508¢TS”
CO+H0L8P8ETS’
TO+IOLETHELS’
CO+H0EBLOLTS
TO+H09SPOPTS”
L0+309TEIvLS
L0+3000814TS”
TO+H0LTTLYTS”
T0+I0SPLIVLS”
¢0+d0810evTs’
TO+J068LEYTS”
CO+3068LEVTS”

10+30L80819
10+300500ESYy
10+30099€SH
10+309668EY
10+305T€0TeY
10+30S9YZLTY
10+30L1PLETY
10+30258881 '
10+30202E v I+
10+30p1 LB60V
10+30€9SvOr
10+30SELYO0V
10+30V850S6€"
10+30960906€"
10+30SPH098¢"
10+30€881 I8€"
10+306LS6VLE'
10+3065Z90LE"
10+309S€799¢"
10+306€0L09€"
10+3091ZSSSE"
10+30LSOEISE"
10+30€€L69VE"
10+30S I PPIYE’
10+3080029€€"
10+30S€€81€E"
10+3010V1L2€"
10+J0EEOVPTE’
10+30L1¥90ZE"
10+30S6ZZLIE"
10+3068SLETE"
10+30VP09T 1€
10+30199560€"
10+30E€99¥0E"
10+30€STIT0E"
10+302295667"
10+30899056C°
10+301S0€162°
10+301265 187"
10+90126S18T"
10+3008€Z8LT"
10+30928SSLT"
10+30860€2L7"
10+3065850LT"
10+30998189¢"
10+30E199ST

a»» SALVY ONINANG AFANDHA #a»

8 =N
Ly =N
9 =N
S =N

e =N
v =N
Iv =N
ov =N
6¢ =N
8t =N
LE =N
9t =N
§€ =N

€€ =N.

¢ =N
e =N
0¢ =N
0T =N
8T =N
LT =N
9C =N
§T =N
T =N
€ =N
T =N
1T =N
0Z =N
61 =N
81 =N
L1 =N
91 =N
ST =N
¥l =N
£l =N
¢l =N
11 =N
=N
=N
=N

=N

=N

MQW\OBQO\S
!

54




t0-J06LLOPEY
t0-309071519°
£0~309L51965"
t0-d09EL918¢
tO-30CL6929¢
t0~-30L1L9EpS
t0-20VLYoLTS
£0~d00£5€80S
£0~3090T026%°
£0~-3001L89LY
t0—-302e 1079
£0~-308¥PLLYY
t0~-301TLpeEey
£0-30996161%
£0~-30L916¥0V"
£0—309TE906¢
£0-40£6196LE
€0~-30T96$69¢
£0-30000SS¢E”
t0~3018L1vPe"
£0-309668TEE
£0~-3090708CE
t0-d0pS88Tit
£0-306EPLL0E”
£0-30990TE6T
£0-307659¢8T
£0-40961S€LT”
£0-301899¢9C°
£0-90S669LST’
€0-306LY18VT
£0-30L0LEVT
£0-40C918¢€T”
£0-4006STHLT
£0-J08LBSLIT
£0-30501€T1T
£0-3066VLTOT
£0-H0vLLBS6L”
£0-300006681°
£0-306176¢81°
€0-30€8¢c16L1°
€0-JotpserLl’
£0-309695691"
£0-H0SY8LYOl
£0-306866651°
£0-30TS19¥S1°
£0-J0ETE68YT
£0-J0L8PLEPL”
£0-308V9TLET"

PO+30L0S068T
PO+30691088C°
YO+I0vL90L8T°
PO+30L760987°
O+306570S8T
YO+30LE06¢8T
PO+J06v89T8C"
PO+30186S18C°
PO+301£L6808L°
PO+HOVEBTOLT
P0+H058908LT
PO+300C989LL
PO+A01909S LT
POHHOTEYEYLT
PO+H01860ELT
YO+IOMIr6LLT
VO+H080680LT
PO+AOLYLL69T
PO+A0LS8ESIT”
POHI0LLBILIT
YO+d07816S9L°
YO+306L18Y9T
VO+H09¢85E9T"
PO+H0S68¢TIT
PO+I0LIVOI9T
r0+d0509865T°
PO+30199v88T°
P0+30T660LST
PO+A0STV6SST
PO+AOTISLYST
PO+a09vE9EST
PO+H0LB8TIST
$0+306€8605T’
$O+H0196869C"
$0+3010098vC°
POHIOISLTLYT
PO+I0LIVOIVT’
PO+I0P668PPT”
PO+A0LISOLYT
PO+H0E16STVT”
PO+H08E091T’
PO+300L8LOVT
PO+I0TLIB6ET
PO+H00TS88ET”
$O+3089PILET
PO+I061 E19LT
$O+300611SET”
YO+H016L9¢ET”

PO+J0vS68Trl’
PO+I06T16201
PO+I0POL6TYT’
PO+I08EP6TIYT
PO+H0L196TP1
PO+3088LOIPL"
PO+I09E66TY1”
PO+A0PII0EYL”
PO+I0P9TOLYL”
PO+I0OVOLTL
g (104948
YO+a0EL90EP L
Po+d0v080E L’
PO+I09E60LP1
»0+308901ev1”
PO+d06611EPT
PO+3010¢C1EYT”
PO+IOPGELEVT
PO+309TS1EVT”
PO+408791EVT”
YO+HOTELIEYT
vo+J0CTBILYL”
Po+a09i6leyl”
PO+H0P00CEPT”
PO+30860CEr1
PO+I0981TEPT”
POHI06LTLEPT”
POHH00LETEYL”
PO+HI0STYLERL”
Po+aoelsTerl”
vO+dOLSSTErT
PO+I09P9LEYT”
PoraoveLTert’
PO+AOPELTEPT”
PO+IOVBLET
PO+I0TEGTEYL”
PO+H0966TEPL”
PO+301S0EEYT”
PO+I0901EEPL’
Po+300S1EEVT
POHHOVEIEEYT’
vO+H08ECEEPT”
PO+30T8TEEPT”
PO+309Zecerl”
PO+H09LEEEPT
vo+a06IYeert”
vO+H018pEEPT”
PO+d09ESEErl”

10+30LEE9961”
10+306LT1T81"
10+30LV9L691"
10+H01691€L1
10+30€6LE8L
10+309TLLT8T
10+306¥1LSL1"
10+30TE81191°
10+3066769ST
10+309L0TPST
10+309C81pS1°
10+H0LV8POST
10+301LL8LYT
10+d0L10S1P1°
10+306TLHOET
10+30P6PLST L
10+30T8LLLI T
10+300PevTel
10+30001€611°
[o+go01seeiy
10+30208£401°
00+30681££66'
10+3008¥1001°
10+3059LT101°
00+3016599L6
00+308956656'
00+30971£966
00+305787T88"
00+30ISPIS6L’
00+301TT66SL
00+30vEh698L"
00+H0910CEL8
00+305¢9€TTL
00+30L109869°
00+H0L9SYLYL
00+30£886L0L
00+30LLTOTHY
00+30£098L29°
00+J0LSO1T6S
00+d0Lz6EriS
00+30166Z¢+v
00+3060500€y"
00+30CESELSY
00+306£58105"
00+a0¥T8YLYS”
00+30T0LILSS”
00+30LYILI6S
00+309168109°

L0+H0LTLY60S”
T0+300676608°
T0+H091EL01S
20+I0L6TLOTS”
LO+H0S8PILIS
CO+IOTLLSTLS”
o+doeoiocis
T0+H0P00PTIS’
TO+H08S8LTIS”
T0+011VIEIS
C0+d09E1SElS”
T0+d06898¢1§
TOHOTPTITYIS
C0+I0TLISYIS’
TO+I0CTO68P1S”
CO+HO1EBISIS
T0+HI006EPCTST
Z0+308S1L616°
TO+I0ELIOOLS
TO+IOPOLTILS”
T0+309LYE91S”
CO+I09TLLIS”
TO+H00LI0LYS
TO+IO8SIYLLIS
LO+H09S6YLLS
CO+IOPLOLLLS”
T0+IOL6PELIS’
0+0E8LISIS”
<0+H0E99¢81S’
Co+IOTYSS8IS”
CO+HOSSTLBIST
L0+J0TIT681S”
70+dOLYTI61S
CO+HOLLIT6IS
Z0+H00SYPoe1S
ZO+HIOTITI6LS
T0+H08B6LLOLS
TO+IOEYT661S°
T0+3089L00TS
Z0+H0ErOTOTS”
£0+3000T£0TS
ZO+HO6ETIVOTS”
20+30pLTS0LS”
0+30€0£902S”
<0+30809L0CS”
20+d076880CS"
To+H09YC0ITS”
0+30T691 128

TO+IO6LLLOTT
o+30T616LLL
T0+H0868ES 11"
20+307088T1 1"
TO+I0TLYIONL’
T0+30TE6SLOT”
0+I0PLT8YOL”
€o+30sELETON
10+302015666
10+30PLYILLE
10+306YTLESE
10+30599v1 €6’
10+307866806°
10+30LE8VL88"
10+305860L98
10+3068088¥8°
10+30ETLITES’
10+305581518°
10+30PEL196L
10+3006696LL
10+10TT8LIOL"
10+J08LLSSYL’
10+30vL61eEL
10+30990881L°
10+d08v90€0L’
10+309989689
10+30LEEYYVLY”
10+d0L566659
10+300p5 189
10+d0L5E£9E9
10+3098vSC9’
10+30£€08719°
10+30L958009"
10+30LLST168"
10+30€0666LS
10+30988L895"
10+306L988SS"
10+30TTOL6YS’
10+305L600vS”
10+J0E9P61ES
10+30L9TLITS”
10+309v9L81§"
1O+I0LLLLILS
10+30vS9610S”
10+300LE896P
10+3009.Lv88Y
10+30L95008¢"
10+H0ESYB0LY’

10+300000ST1°

10+3000000C1

10+300000¢CT’

10+300000721°

10+30000012C1°

10+3000000C1

10+30000061 1"
10+300000811"
10+300000L1E
10+30000091 1"
10+300000S1 1
10+300000%1 1
10+300000€ 11"
10+300000C11°
10+3000001 11"

10+300000011°

10+300000601
10+300000801"

10+300000L01"
10+300000901
10+300000S01°
10+400000¢#01°
10+400000€£01°
10+300000201°
10+d00000101"
00+d06666666
00+306666686
00+300000086°
00+3000000L6
00+300000096°
00+300000056
00+30000006"
00+3000000£6"
00+3000000T6
00+300000016
00+300000006
00+300000068"
00+300000088"
00+3000000L8'
00+300000098°
00+300000058
00+300000078'
00+3000000¢8"
00+3000000C8"
00+300000018°
00+300000008
00+30000006L"
00+30000008L"

I =¥3AVT
I =4dAV1
1 =43AV1
1 =4IAV]
1 =YdAVT
1 =43AV]
1 =¥3AVY1
1 =Y4dAV]
1 =49AV1
1 SHdAVT
I S43IAV]
1 =43AV1]
1 =¥4AVT
I =4dAVT
I S¥FAV]
1 =¥dAV]
I =YdAV]
1 =4dAV]
1 =ddAV]
1 =4dAV]
1 =3dAV]
I =¥dAV1
1 =43AV1
1 =4dAV1
1 =d3AV1
1 =¥43AV]
1 =¥3AVv1
I =JFAV]
1 =d3AV1]
1 =3dAV1
1 =43AV1]
1 =dHAV]
1 =43AV1
I =4d3AV1
| =4dAV]
1 =¥dAV1
1 =4dAV1]
1 =YdAV1
1 =4dAV1
1 =43JAV]
1 =4dAV]
1 =43AV]
1 =43AV1]
I =44AV1
1 =43AV]
1 =¥dAV1]
1 =3HAV]
1 =4aAV1

55




L0-H00SYLLTIT
T0-2068E1£TT
T0-H0TLSS8IT”
T0—2090L6€1T
T0—-30L6LE60T
L0-A0LPS LV
T0-301LSS00T
T0-d08SSE961”
0—-300€60761°
<0-3051v6L81"
10-30L98LEST
T0~30T8T96L1
20-J0vSopsLl’
[A1 g (1TAL/ATAN
T0-J0668€L91"
T0-d0S91TET”
20-3096T€6S 1"
20-3096115€T”
20-300v8TIST”
¢0—-306195Lp1°
70-30¢0LeLyl’
20~-J00STS6¢€1”
T0-dosTLI9tl
T0—30e8eviel’
70-3051.L98C1
20—-d0618Tsel
204089002
T0-30L6TL8IL"
(A1 aC (103490
co-dovsoicil
T0~H0056T601°
T0—-d0L6L6SOL
20—300586201°
<0-30Ly91001"
t0-d0P9TYELE’
£0—306161516"
£0—305016916°
£0~F01SLESRY’
€0-30LPITYos’
£0—30T0T95ER’
€0—H0LTSTO18
£0~A0TTY998L’
£0-30L610€9L
£0-J06L8BE6EL
£0-do8IvLSIL
£0—301977965°
£0~d06095TLY
€0-H0$LT0ESY

PO+3000S 107"
PO+HI0STIBOLE
PO+30T68POLE
PO+I0LYSI6LE
PO+I0TE6LSIE”
PO+308LTY81E
PO+I0ESLOSIE”
YO+30680LLIE
POHROILIELLE
vO+305PI691E”
PO+HIOVPOSO1E”
PO+I0000191 ¢
PO+H0169951€"
PO+H0690TS 1€
PO+H09SYLYIE
POFHIOPLITPIE’
PO+I0EI9LETE”
PO+30ETVTETE
PO+HIOLITLTIE”
PO+HO8S9ITIE”
vO+HHOLLLSTIE
PO+30LEBEOTE
PO+I0STOY0LE
PO+I0TT6L60E’
yO+J08PST160€”
PO+HOEPTSBOL”
YO+308558L0¢"
PO+d0IT8ILOL’
PO+J00TIS90E"
PO+AOYLTBSOE”
P0+30101150¢
P0+300ELEVOE
P0+d00L19¢0t”
P0+3091¥820¢”
PO+A0611070¢
PO+H061£210¢"
PO+30691900t"
PO+I0EESSO6T
PO+H068L986C
PO+IOI9LLLET’
$0+H061T896T"
PO+H0166856L
$O+306956V6C
YO+H0EETOPOT’
PO+I06LY0L6T’
$0+309890T61°
PO+H001S016T°
PO+H08€L006C’

PO+3086LL 101"
POHOLTTIVIPL
PO+I0SYOVIPL
PO+30890S1¥1
PO+0TOPSIPL
PO+30816S1F1
PO+3090€91 91
PO+H0E6991¢1"
PO+30980LIVL
POHH069PLIVT
PO+H0TS8LIYY
PO+I00ETRIVL
PO+HI00T981v1"
PO+I06006141°
Latags e 11040
ro+ra06vLeIvT
Y0+308010TF1"
y0+309600TYL°
PO+A00580TPY”
POHI0E6T 1T
PO+I008S1TPT”
Po+aI0veE6ILvt”
POHHOLYLTIPL’
PO+3088sTIVL’
POHIOSE6TTYY’
PO+a08YTetvl’
PO+J00SSETrT
PO+HI0CSSETrl’
rO+I0OPSIvIvt”
POFHIOLSPYIPT
POHIOTTLVIVY
PO+30820STY1”
vO+HI0P0EsTrl’
PO+I0P9SSTPL’
vO+0rT8sIrl’
PO+0S809ZY1
POHIOSPEITPL”
P0+06099TP1°
PO+I0TEBITYL”
PO+30560LTPT
PO+H06ZELTPL
POFIOLYSLIVT
PO+HOSOLLIYY
yO+H0E86LTIYT”
po+a010Z8Tr1”
PO+H018E8THT”
PO+306658TP1°
PO+H06LLETH]”

10+306888L6V
10+30860099Y
10+309L969VP
10+300809SSY
10+20988¢8S"
LO+H0SETTIEY
10+3016£L0TY
10+30TTEVLLY
10+H0LIV1 LY
10+308ELIVLY
10+30P98CL0V
10+30£09S €0t
10+30L97991F
10+302PSOTTY
10+30€vSTLOr
10+4018¢ZT0v
10+206¥L9£0V
10+308ST086¢’
10+J0EET 168"
10+300V8€T6¢°
10+300e€T16¢€°
10+306L161LE
10+H0ZTL809¢E"
10+30LYT919¢"
10+H0SELITSE’
10+30L00VPPe

10+30L0€S0vE”

10+3A0CLST9ZE"

10+30L9P901¢°
10+20LTI911¢"

10+A0£S8E60¢L”
10+20689L£0¢’

10+20VE68L6T°
10+30L8L8T6T

10+30L£6198T

10+30S68T9LT
10+30P9LTLT
10+A09SL00LT
10+300218¢9T
10+308¢61£9T
10+d0€862¥ST
10+30LTSET”
10+30€92SE€T”

10+30556192C°
10+d0910902T
10+30£61891T°
10+308865L0T
10+3066S€661°

0+4020060LY"
20+3090L0TLY
L0+300SLOELY
To+AOCLIIPLY
TOHI0ROTSLY
20+30685T9LY
T0+3080VTLLY
CO+IOPSTIBLY
TO+H016ET6LY
T0+30S1¥208%"
C0+30LETTIBY
TOHHOTLYITSY
20+IOVTIIESY
TO+H09L60VBY
T0+300TPOS8Y
C0+I0LIS6SBY
70+30997698V"
TO+HOSELBLBY
TO+H0ET6LE8Y
20+30086968p"
20+3092£906v
o+dotLESI6V
TO+I08LLETOP
T0+300LTTE6Y
TO+H0SSLOYEY
T0+30v8L8Y6Y
20+300£6956Y°
TO+HOI8LYI6Y
T0+30SSTTLOY
20+308956L6v"
C0+H0£06986v"
Co+IOPLIY66Y
T0+20881100§
20+305C18005"
C0+30L96V108"
T0+d0T6S1T08”
T0+30696LT05"
T0+H01EPPE0S”
T0+H0£890108"
20+307589108"
TO+H08L0ESOS”
T0+300£8850§°
20+308¥r190§°
T0+30£E86908"
TO+H0LOTSLOS
T0+H00£2080¢"
0+308CES80S"
20+30L100608"

TOHIOSEELYOL”
TO+HOSTESLSE”
T0+d0778805¢”
0+H0ZISTIYE”
T0+30LYPELLY’
20+30OPLTN0LE”
T0+I0ELBEVTE
T0+I0LOE18LE
T0+J00S691 it
T0+30L8TESOL”
0+30656066C°
To+30e8ECE6T
70+307071L8T
TO+H079L808T
c0+a0T168PLT
0+a0PLE689C
T0+a0L95679T
T0+30199695C
To+a0e0sTIsT
TOHA09ETYSIT
(A AREY YA
°0+d0L0T8EEL
CO+HOLLBYEIT
TO+IOTYTIELL
TOHI0ESOLLIT
TO+I0TL69C1T
C0+H06ES5L0T
T0+20C66570T
T0+J00£88L61"
TO+I0E6LTEOT”
0+30T159881"
TO+A09901p81°
T0+J091596L1°
20+30208Z5L1°
T0+d00SL60L1"
TOHHO1P6LI9T”
T0+IOTYLIoT”
20+d06v1L8S1"
T0+I0E6LLYST”
T0+3078680S1"
20+3011869¥1°
€0+d0509¢Eri”
0+3061£86¢1"
T0+d0e6Er9El”
oHIOLITIEET”
T0+d0ps066C1"
T0+H069699T1"
O+HOS6PLETT”

10+300000¢€L1°
10+300000TLY"
10+d000001LE"
10+3000000L1"
10+300000691°
10+300000891"
10+300000L91°
10+300000991°
10+300000591°
10+300000¥91°
10+300000£91"
10+300000291°
10+300000191"
10+300000091
10+300000651°
10+3000008S1°
10+300000LST°
10+3000009S1°
10+300000SS1°
10+300000S1°
10+300000£ST"
10+300000ZS1°
10+300000151°
10+3000000S1°
10+3000006¢1"
10+3000008¢1°
10+300000LP1"
10+3000009¢1°
10+3000005%1°
10+300000v¥1°
10+300000£ 21"
10+300000T1°
10+3000001$1°
10+3000000%1°
10+3000006€1 "
10+3000008¢ 1"
10+300000LET"
10+3000009¢ 1"
10+300000S€1"
10+300000+€1°
10+300000£€1"
10+3000002¢1°
10+3000001€1"
10+3000000€ 1"
10+3000006Z1°
10+3000008Z1"
10+300000LT1"
10+200000921°

wi=N
EvI=N
wi=N
Iri=N
OvI=N
6L1=N
8£1=N
LEI=N
%%t 1=N
SeI=N
vei=N
teI=N
ZeI=N
e1=N
0€1=N
6C1=N
8ZI=N
{Z1=N
91=N
$CI=N
¥ZI=N
tCI=N
Ti=N
IT1=N
0CI=N
611=N
811=N
LI1=N
9lI=N
SUI=N
vli=N
€lI=N
Cii=N
11I=N
Ol1=N
601=N
801=N
L01=N
901=N
SO1=N
YOI=N
€01=N
WI=N
101=N
001=N
66 =N
86 =N
L6 =N

56




T0-3081L116L8
T0-30718£69¢"
T0-30£0T8LSS
CO0-30Ev19LPS”
T0—JOvS998ES”
T0-30SPSELES
L0-309Cr61TS”
T0—-J0S86¥608
C0-30v8Y1664
10-30S66.L88Y
€0-30TLSPI8Y
€0-30589¢TLY
20-d0.58019¢
20-30TEs61Sy
T0-30T8YSHvY
C0-TOLTBESEY
CO-30911SLTY
T0-30v<900TY
0-30s1HITH
10-J0TEVI VoY
20—3062TTS6L
0—305S6€£98¢"
10-309€596LE"
Z0-H0ES86TLE
10-40699999¢"
10-30619565¢"
20-1086661S¢"
C0-30SLTIESHE
20-30SEro6te”
0-d0St681 €L
T0-30L0vP9tt”
T0-3090LT61E"
T0-JOvOISTIL”
20—30865590¢”
10—30166100t"
T0~J09688L6L
Z0-306£7088T°
T0-30vbS0est’
C0—0ELTILLT
C0-30668STLL
€0-30819¥L9C
0-40885619C
20~-3011969ST
T0-J09v8eLST
T0-30SLYeELvT
T0-300161TVYT
T0-HO0LSPLET
C0—90TTEBTLT”

PO+I0LEOLOLE”
PO+H0Z€810EE
PO+30epe00ee
PO+3099686C¢
PO+I0S9LLOTE
y0+30169961¢
PO+IJ06EES6TE"
POHIOYSPE6TE”
PO+30508162¢"
PO+A066006T¢
PO+3060888T¢
vO+I01TTL8TE’
PO+HHOPS1S8TE
PO+30vLEE8TE”
y0+d001618TE
$0+301£008Ct"
vO+a06vE8LTE
PO+309vLILTE
PO+I08E6PLTE
PO+300S0¢€L2E"
0+d09080LTE
PO+H056589¢
PO+H00EL99TE"
PO+308L6V9TE
PO+d00E 1 £9TE"
vOo+d09€0192¢"
VO+I0L0L8STE
PO+30TL995T¢
yOo+d0809PSTE
Po+30061C5TE
PO+d0LTT0STE
PO+HHOLPILYLE
PO+I08605VIE”
PO+A0SSLTIVLE
0+H08600¥Tt"
PO+30PLELETE’
PO+IOVSBPELE”
PO+30005TETE”
PO+401L00€TE
PO+H0STOLITLE”
PO+A0L£0STIE”
PO+H079022TE
PO+H08LE61TE
PO+4068891T¢
PO+I0P96C1TE°
$0+30998012¢
PO+a0816L0T¢
0+309T6P0TL

PO+IOE6EIBET
PO+3006TTBEL
PO+30LSEEBET
Po+I086CY8EL”
PO+H0ETISBEL
PO+I0L6LSBEL
P0+3069998¢ 1"
PO+30E18L8EL"
#0+3089.88¢€1"
PO+IOTTLOBET
P0+3066£06¢€ 1
PO+H0LETIOET
PO+308LTT6ET
PO+H00C1E6€T”
PO+H0E08E6ET
rO+I06vIV6El
PO+ALSLESOEL
y0+1019096¢€1°
PO+I0S6L96E1
PO+H00ESLOET
PO+a07se86Ll”
PO+H0L9166ET
PO+2088L66€1"
PO+HOLOPOOPT
$0+309860011°
PO+0IP9100T
vo+doeceiovl”
PO+A0SS6T0r1
PO+30OPESLOYl”
PO+IOE61YOPT
$0+H096970V1"
YO+HOLSESOPT
+o+3018650v1°
YO+00£S90T1
vo+d0911L0vT
POHH0B69LOPT
PO+H06ETBOVL”
$0+J0L6980P1"
$0+H086160¢1°
PO+079960v1°
O+I0SELOTPT”
POFIOEPI01¥1
PO+HIOVOLT TP
POHHO9TSTLPT
y0+30066 1 111"
YOHI099vTIPL-
PO+I0TO6T V1
vOHH06ZEEIPT”

10+3000TE 168
0+300C81901"
10+30£801011°
10+309169616
10+3089¢9C18°
10+30L0196¢8°
<0+3076+0801°
coraoeteLell’
oraoLETseol
10+30VTrSe6s’
10+3070LL9T8
T0+I089P1101°
T0+H0Y919701°
10+307£T61€8°
10+3068LLSTS
10+d0SE16168
10+3011678SL°
10+30LSL809L
10+30981856L°
10+308011668"
10-J0LIPLLES
10+3008L918L°
10+307E8L899
10+309S£6€V9°
10+308¢£08189°
10+J0EP6LLEL
10+d0L96LT0L°
10+30910$9¢9°
10+30€6580L9
10+3086SLYE9’
10+3085187¢9°
10+30€L6L689
10+30£155€€9°
10+J0vE8LITY
10+3066985 9
10+30489V909°
10+306TT9EPS’
10+305LEESTS”
10+30£0PP80S"
10+H0T€96L0S”
10430816118
10+300LSS1€S
10+30891569%
10+309L9vPLY
10+306L9001S"
10+30EESTH6Y
10+30108089%
10+30PILTLSY

T0+30S61668¢"
20+308L80T6¢
20+301€9Lp6¢"
CO+HOEVTIL6E"
20+30510166¢
T0+J088Z800%"
(40 (11987741
T0+0LELLSOY
0+308611 80
T0+300L 101
TO+A0LLYTTIY
20+30901 P 1Y
0+F0P16891Y
T0+H0ESCo61 Y
TOHA090TLOTY
0+305€T8TTY
TO+A0S6E9PTY’
T0+I0TS1E9T8
C0+A06Y18TY
CO+H0SE866CY
20+309880CEY
T0+300080¢ €
CO+I0LL69SEY
TO+H0E691LEY
CO+I09ELIBEY”
TO+HOSITEOrY
<0+307980CHY
TO+I08ELSEYY
T0+H09ZE0S T
T0+d011899Y
T0HI00vL6LYY
20+I0PP 1960
(A (LU TAREN 4
TO+I00PSSTSY”
C0+I0LEIOYSY
CO+IOTESSSSY
0+30018895p°
T0+I0v6LO8SY
CO+HOLILTOSY
Co+08EFPO9
C0+A096£919%
T0+HOTT6L9Y
[ (118448, 4
Co+A058Y 1S9
TOHI0TYTEI9
CO+I0LSTSLIY
C0+J0SLTI8IY
CO+H0LLOLESY

20+300L8L688
TO+H0EC8PSLS”
T0+JO08SBLEY’

CO+H0LEBETYS

(A (12 10X 74§

~,0+307896L18"

<O+H09701+08°
C0+H081E558L

¢0+d0199669L

T0+I0TOLVPSL
0+30vPoLLPL
T0+3020696TL°
0+3000S8T1L

20+30S1v6869°

€0+309668L89"
TO+H0SSITrLYy
T0+d0L90YT99
(41 (ATANE

C0+J0SEYI6£9°

CO+H0SSILLTY

¢O+A09TLOVLY
CoHOTLLLT09
20+30E11L06§
¢0+30Tr6118S

c0+300vLriLS
¢0+30e£809¢
0+306vvP6vs
C0+30£YSB6LS
C0+306£SP0ES
T0+300LE861S
TOHH0S9ISTIS
¢0+30899600§"
T0+3098v606V
C0+I0OvBLOT8Y
TOHI0r68ETLY
C0+J00vESCIY
TO+H091ZEPSY
T0+308TYoort
TO+A0LTLO8EY
20+306Z0S 1 e
Co+HA0L6VBETY
T0+306v6£S1Y
<0+309e£080P°
o+H0SYTrioY
TO+H0TLI6E6E
0+d096¥798¢
C0+H0S0TT6LE
woHa06veeTit

10+3000001TT
10+3000000TCT
10+30000061¢
10+30000081Z°
10+400000L1T
10+30000091¢
10+3000005 1T
10+3000009 12
10+300000€ 17
10+30000021T
10+3000001 1T
10+30000001T
10+30000060T°
10+30000080C
10+300000L0T
10+300000902
10+300000S0T
10+300000%0T
10+300000€0C
10+30000070T
10+30000010T
10+30000000C
10+300000661"
10+400000861°
10+300000L61°
10+300000961"
10+300000S61"
10+300000+61°
10+300000€61°
10+300000T61°
10+300000161"
10+300000061°
10+200000681°
10+300000881"
10+d00000L81"
10+200000981"
10+300000581"
10+300000¢81°
10+300000¢81°
10+300000781"
10+300000181"
10+300000081"
10+3000006L1°
10+3000008L1°
10+H00000LLY"
10+3000009L1"
10+300000SLT"
10+300000PLL

1 =¥33AV']
I =43AV1
1 =d3AV1
I =49AV1
1 =44AV1
1 =43AV]
1 =43dAV1]
1 =43AV]
I =43AV1
I =4HAV]
1 =43AV1
[ =¥4AV1
1 =4dAV1
1 =3dAV1
1 =¥dAV]
1 =¥3AVT
[ =¥4AVT
1 =43AVT
1 =4dAV]
1 =¥dAV1
1 =43AV1
1 =43AV1
1 =4dAV1
1 =44AV]
I =4dAV]
[ =UHAV]
I =¥9AV1
1 =43AV]
1 =YdAVv]
1 =¥HAV]
1 =¥3AVT]
I =4dAV]
1 =¥dAV1
I =¥HAVT
1 =YHAVT
1 =4dAV1
1 =AIAVT
1 =¥4AV1
I =44AV1
[ =¥3AV1
I =¥3AV
I =43AV]
1 =¥3AV]
1 =43AV1
1 =Y4AVT
1 =¥HAV]
1 =YdAV1
1 =¥HAV]

wW6i=N
161=N
061=N
681=N
881=N
L81=N
981=N
S81=N
¥81=N
€81=N
81=N
181=N
081=N
6L1=N
8L1=N
LLI=N
9.1=N
SLI=N
PLI=N
€LI=N
CLI=N
ILI=N
OLE=N
691=N
891=N
L91=N
991=N
$91=N
91=N
£91=N
791=N
191=N
BI=N
651=N
8St=N
LS1=N
9§1=N
SS1=N
PS1=N
€S1=N
TS1=N
1S1=N
051=N
6¥1=N
8r1=N
Lyi=N
Wwi=N
SYI=N

57




10-30v6101 €1
10-30€LL8821°
10-F01vT89TI”
[0-306169vZ1°
10-32001692T1"
10-300§1L0T1"
10-30LpS9811
10~-30795991 1"
to-doioesp1l
10-30T1T6CI L
10~3079L0T 11
10~-300267601°
10~-30T66FL01°
10~20PLT9501"
[0~00L68E0T"
10~306TLTTOT
10~30805L001"
T0~30TLLIT66
T0-300L9¢L L6’
T0~30tL29196'
T0~J0SS8LSTe’
T0~3058¥E8T6°
20~d0T8TISELE
T0~30P60E 868
20~d0vsLeess
20~-3005v9L98°
70~-d0Lis8iss
C0-d018PISEs’
<0~3000L11T8
10-30vSye018’
L0-J0BLEGLOL
0~d0r088E8L’
T0-d0169€69L
CO-JOETITSSL
T0~-J08STTIVL
T0-H0PLOS6TL
T0~-30899LL1L
T0-400199%0L°
¢0-300101169°
20-J08LSI8LY
C0-30LY80L9Y
TO-3OTILTVSY
C0-0SSSTYYY’
20-30L700££9
T0-306199079
T0-H0re88L09"
70-J09€E5965
T0-H0SSBILES”

POHI00POEPEE
Po+30560tveEE”
PO+H08PSTYEE”
PO+I0v961vLe”
POo+I090P1vEL”
PO+301£80YEL”
PO+3080T0P¢E"
PO+H08856€LE"
P0+309668€LE
PO+H069E8EEL
PO+308ELLEEE
PO+J0601 LECE
POHIOLPYOLEE”
PO+IOLYLCEEE”
PO+H0OT905EEE”
PO+I08IVPLEL
PO+HI06LLECEE”
POHI0SEIELEE”
pOo+d0I8YTEeE”
PO+I0L9L 1L
PO+H0L660EEE”
+O+06L10EEE
PO+309ev6Tee”
PO+06198TEL
PO+H06£8LTEE"
PO+I0SL69TLE
PO+I01L09TEE”
HO+H0880STEL”
YO+I0STIVLEE”
gt MAXS A%
POHHO9TLTIEE
POHIOTLLIZEE”
$O+H009L0TEE
POHIO6PLOLEE
PO+HOTLLBILE
FO+H0T08L1EE"
PO+HHOLYBITEE’
PO+H00LLSTEE’
rO+H0I9PIEE”
vo+30e0Se1EL’
POHIOESYTIEE”
PO+IOVCTIICE
YO+HIOMPTOIEE
PO+I011160EE
PO+30€6LL0EE
PO+H006£90€E”
PO+I00E1S0LE”
PO+HHOLEOYOLE’

PO+A0896E1ET
vo+IOVPESIEL
POHI08ERLIET”
PO+I0P0861ET”
Yo+a06vOLTEL
PO+I0OTLYELEL
POFHOTLESTEY”
PO+30S1TLCEY
PO+I06688ET"
PO+H00990¢€E 1
PO+IOIoETELT
POHIOLOOTEET
PO+I0099SEET
PO+JO9BELEET
alag (174:13.192 8
Po+I008Y0VEL”
POrIOVBBIVET
PO+I068TEVET
PO+a0rorEl”
PO+HI0STIOPEL
PO+I0EIOLYET
vO+HOYBI6YET
PO+HO1SS0SET
PO+I0SS61SEL”
POHIOTELESEL”
PO+HI0E8LYSEL
PO+HI06£C9SET”
PO+H008LLSEL”
$0+3069065€1°
PO+40L9009¢ 1"
vO+a0TITI9ET”
$0+3080S79¢1"
PO+H09YBESET”
PO+HIOLSTSIET”
POHH00SEIIEL”
PO+30L1SLIEL”
PO+H0S0989€EL”
YO+I0rT869€1"
PO+HOS90LLET”
POrIOTITILET
vO+HHO08TELET”
PO+HIOSOPYLEL
PO+HOSBESLEL
YOHI0ETYOLET”
PO+HO0BSLLET
YO+H00VLBLET”
PAI098LOLET
PO+308r908E 1"

20+OvLITYIT
20+30v10860T
T0+IOC6THOIT”
TO+AOLTTBSOT
To+30LLTLLEL
T0+30PBITOT
20+306L1 180T
0+3088LL161
10+70859981°
To+a0TILLI8T
CoraoPsSILIBL
20+30vL8S6L1
CO+HOELTYEST
<o+30LELSO8T
€0+305ELILIT”
L0+H0LTE69ST”
C0+I0BISHTST:
CO+HOLTLI6VL”
cordoLTroest”
C0+H0S81E191"
T0+A06LLYIIT
CO+HOTYCO8ST”
T0+d069810S1°
TO+I095TBIST
CO+AOBPPOEST
T0+307060LS1”
0+208019191"
CO+H0SOLLIST
TOHA080LLYTT
TOHHOPETI9IT”
TOHI0616LTET"
20+HO0TEYEYT
TO+HOEVPSTYT
TO+J08ELTSET
TO+H0r6£08TT
0+d0TL6STTL
T0+306L905CT”
T0+a0T0LETEL
20+3076110€1"
€0+a065910CT
T0+3069¢81C1"
Co+H0vTSYIT
TO+H0I8LISOT”
TO+IO0IT8YSIT
T0+I0SE9BITT"
<0+305T8961 1°
20+A01201701
10+300696188°

L0+H0PPPELTT
CO+I0LYS6IET”
CO+HOESSPoLT”
CO+a06S01 1T
wWOHH0961PSYT
20+H096TLOVT
L0+a0TOYZYST
Z0+A0Pe1985T”
0+40L84979T
T0+30586L99T
CO+H0E0S80LT”
T0+30819LpLT”
L0+30095L8LT
Z0+30L9P8T8T’
TO+HH0LLTLIBT
Z0+H0SSSTO6L’
0+d0SL99¢6T
T0+H08900L6T
T0+30TT0£00¢
0+J0086L£0€
L0+30E8PLOL
coHaosiotie”
0+00rosyie”
TOHH00S68LIE”
TOHHO9LLTITE
TOra0TOLLYTE
20+30L00€8Z€"
2o+d09P00TEe”
CO+HIOTIVISEE”
To+A0r009LEL”
0+J0S08E0TE
T0+30859sEre”
20+H0967 891
<0+J060866VE”
COHIOLET6LSE”
TO+IOTYSLSSE”
C0+H0L9SY8SE”
T0+308T0¥19¢
T0+3018LPoe”
C0+H0006TL9E
T0+3096.869¢
TO+HO06118TLE
TO+HIOIPLOSLE”
TO+HOV809LLE”
T0+308SSPO8E”
TO+3095LEE8E
T0+30T10658E
T0+H09YC088E”

£0+30619200C
£0+J06166961°
£0+20£908E61°
£0+305125061°
£0+J0808vL81°
€0+3088vv81°
€0+30LSLTIBT
€0+J06L1T8LY’
€0+I0096ESLT”
€O+A0bOOYTLL
€0+a0S9L9691°
€0+30T956991°
€O+30vER I PO
£0+3068YEI91°
€0+306L99851°
£0+I0VBLTIST
€0+3019L8¢ST"
£0+30ELLSTIST
eo+goTTIEorL’
£0+300E 16971
£0+30T86EPPL"
€0+30SHRIvL
£0+3006856¢€ 1"
CO+H0SILTLEY
€0+HIOLELOVEL”
€0+H30886STE’
£0+d0£T00ET
£0+30LT69LLY’

£0+30599S5TL”

£0+H06L06£T1"
£0+A0P1E0TTL"
£O+H0PPBROIL"
€0+301L89LTT"
€0+H0689SS 11"
£0+a0Pe6sell”
€0+3065691 11"
£0+40.988601
£0+307916L01"
£0+301688501"
€U+300L86E01”
€0+30619TC01"
£0+30601¢001"
20+30SSL0886"
TO+I010STILE’
T0+30689€756
70+308ZE0EE6
20+301L2€916°
T0+300L6TT06

10+30000069C°
10+30000089T
10+300000L9T°
10+30000099T
10+300000$9T°
10+300000P9C°
10+300000£9C
10+30000079C°
10+30000019C
10+30000009C°
10+30000065C°
10+30000085T
10+300000LST
10+30000095T
10+3000005ST”
10+300000¥ST°
10+300000€ST”
10+300000T 5T
10+3000001 ST
10+30000005C
10+3000006¢C
10+30000084C
10+300000L¥T°
10+3000009¢C°
10+300000$¥T
10+300000+1C
10+300000£¥T°
10+3000002vC
10+3000001vZ°
10+30000004T
10*+d000006€T
10+3000008¢C°
10+300000L£T
10+3000009¢7°
10+3000005€T°
10+300000v T’
10+300000£€T
10+3000002€T
10+3000001 €T
10+3000000€C°
10+3000006ZC°
10+3000008Z¢
10+300000LTCT
10+30000092C
10+300000STT
10+300000v7T
10+300000€TT
10+300000TTC

1 =43AV1]
1 =4dAv1
1 =43AV1
1 =434V
1 =4JAVT
I =4dAV1
[ =¥3AV]
1 =43AV]
1 =¥3AV]
I =ddAV]
1 =¥3AV1
I =YHAV]
1 =¥dAV1
1 =43AV]
1 =444V
1 =4dAV1
1 =HHAVT
1 =4dAV1
1 =4dAVT
I =43AVT]
[ =ddAV]
I =43AV]
1 =4dAV]
[ =4dAV]
1 =33AV']
1 =§dAVv1
1 =¥3AV]
1 =44AV]
1 =494AV]
1 =44AV]
1 =43AV1
I =d4AV]
[ =4dAV]
I =43AV]
I =4JAV]
1 =44AV1
1 =4dAV]
1 =49AV]
1 =4JAV]
1 =¥IAV]
1 =43AV]
I =¥HAV'
[ =4dAV1]
I =4dAVT
[ =4dAV1
1 =34AV']
I =4dAV]
1 =¥dAV1

OvT=N
6£T=N
8¢Z=N
LET=N
9=

SET=N
PLi=N
tEC=N
TET=N
1€0=N
0eT=N
6TC=N
8TT=N
LT=N
9T=N
STT=N
PCT=N
tCT=N
CL=N
1TT=N
0i=N
612=N
81T=N
LIT=N
9lL=N
SIC=N
YIT=N
tiZ=N
TIT=N
HI=N
0IT=N
60C=N
80T=N
L0T=N
907=N
SOT=N
POT=N
€0T=N
w0i=N
10C=N
00Z=N
661=N
861=N
L61=N
961=N
S61=N
P61=N
€61=N

58




10-3088406€
10-3058¥06€T
10-30897T8ET
10-J0590TLET
10~-30v$£09¢T”
10-30L989€T
10-30896 1 ¢
10-30L0vPIET
1030619567
103089952
10-3018ZysTT
10-300891¢7T
10—-30880807C
10-30S0LT81T
10-30508961Z
10-3059¢0¢ 17
10-30L88T01T°
10~-3000SvL0T”
10-30£0V9P0Z°
10-30120810T
10-309t96861°
10-306¥60961°
10-30L9TTE6!”
10~3059+r061°
10—-306L69L81"
10~-306£98v81"
10-300££0T81"
10-30950T6L1"
10-dOveELvoLY
10-30S608¢LT"
10-3050601 L1
10-30801v891°
10~-H0PPE8sol”
10—-30000££91"
10-3061V8091°
103G AZY8ST
10-30€698SS1”
10-309TsPEst
1o-dovLitist
10-3081€L8P1°
10-40796t9v1°
10-308LLOVPL
10-306LLLIPL
10-30¥9T56¢L1"
10-30eTOvLel”
10-30P66TSel”
10-30vt8leet’

PO+H006985 ¢
PO+3006985 €€
PO+I05T98GEE
PO+30LPS8SEL
PO+3055P8CEE”
PO+J08YEBSEE”
PO+3092785€€”
HrH+a0$8085¢E
PO+30086L5¢EE
PO+I0T9LLSEE”
PO+J008SLSEE”
PO+30T8ELSEE”
PO+HIOLLILSEL”
POHI0TYEYSEL
PO+I066995 €L
POHI0LTPOSEE
Latag (UFRR I 1%
ro+d0e685SEE
POHF0P096SEE”
ro+doloessee
PO+30066vStt”
PO+300L9PSEE”
PO+00TLYSEE”
PO+H0900vSEE”
PO+I00L9eSEE
PO+IOVICESEE
PO+I09v6T6EL”
PO+I0L9STSEE
PO+30681T6EE”
PO+I001816¢EE
pO+HI0TIVICEL”
POHI0L001SEE”
PO+H0L090SEE”
POHE096105€E”
ro+3088L6VEE”
PO+I0TLEGPEL
PO+IOVT68PEE”
PO+30E8P8PEE”
PO+30PP08PEE”
PO+I0I8SLYEE”
PO+I09T L LPEE”
PO+308E99PEE”
POFHOLS19vEE
#O+30/.595p<E
FO+I0SLISYEE”
rO+J0LBIPPEL
PO+HIOSLIPPEE

PO+308EEvITl
PO+08EEPITL
P0+309605 171
PO+I09€091TT
POHA0LTILITE
PO+H019¢81TL"
PO+I0TLLOITL
pO+I0PSELTTE
PO+30L80€TL1°
PO+I0LT6VITE
yO+306689CCT
PO+30v868TLT"
PO+400911¢T1
PO+A000S¢£T1
PO+H0688SETT
PO+3082e8ET1
Po+0r9sOvTL
PO+I008YEVTT
PO+301L09VCL
$0+308898vT1°
PO+H090€16TT
PO+30TC6ESTL
PO+H0L6S9STT
vo+dotgtesct
P0+3096919Z1°
PO+3001¢v9T1°
rO+a01Z69921

PO+3087569C1
PO+H08POTLTE
P0+3050SvLTL
PO+HHOETOLLTY
PO+0V8P6LTL”
vo+d00981871°
PO+H0L6IVBLT
PO+30y9198T1°
$0+306898871°
Po+H00s01 62T
PO+H06LTE6TT
PO+A0LEPSOLL’
PO+H0CEIL6TL”
PO+30L8L6621°
P0+305T610€1°
POHI09MOPOET”
PO+H0ETI0ET

$0+H0T8080€1"
PO+HOITO0IEL”
PO+I0CLOLIET

10+30010TvLL
10+300102¢vLL
10+300TT95T6°
20+306L98801"
Z0+300€P 1921
TO+A0SLSBEVL
L0+I0LLITION
T0+30€1T1081°
10+301TP0v6l
0+A0Z6€Y90T
T0+30005S61T”
C0+308SV61€T°
0+IA0V69LPYT’
T0+30€L809ST
CO+30PPE619T
C0+3068010LT
20+30TNEV6LT
T0+H0SLTE 8T
TO+I0VST1E8T
20+30TE01S8T
20+309v6LY8L
T0+30S6VLS8T’
20+30T111E8T
20+308561LLT
C0+J066PS8LT
L0+30STLLEST
T0+30S8T6T8T
L0+I010P08LT
O+H018TL69T
T0+30188989L
20+301v1S69T°
T0+30£60879C
20+A09vYSSST
Z0+3078EL682°
TOHAOSLILYYT
T0+I001688VC
TO+H0000T8IT
TOHHOTSE6LET
TOHION1E£99¢T”
CO+H00P0E9ET
COHI06TLSTET
TO+30p6510€C
TO+I0TTO0LTT
T0+30T69L61T
T0+309LTENNT
¢0+d0819011T
TOHIOTTOSYIT

00+301€70561"
00+301£20561
00+308L80€£9¢"
00+30¥8L199¢
00+30TE€9666L°
10+30TE8TLOL
10+I0TSEBLEL
10+301085CLL
10+3066Z¥012
10+3098680ST
10+301LL8E6T
10+30L68L6E€
10+3055v6.8¢"
10+309veT6ty
10+309L81Z6%
10+307T909%¢
10+305L95709°
10+30L98Y099"
10+30160081L°
10+9000069LL"
10+H0C16¥5ES
10+306£0S168°
10+206VELES6°
w0+d0so61 101
20+30L168901"
To+30T8BLTIT”
T0+40S01L81 1"
20+300L19¥C1"
TO+I0LBSEOET”
0+d0ov6eosel”
O+HOP6SILPY
T0+301L6TLYL
0+3065SLTST
o+301L018ST
TOHIOVLTELIN”
T0+30996¥891
20+300L06%LL"
TOHIOTILO6LY”
C0+309190181"
10+306981681"
o+H09081v61°
¢o+30LT91661°
T0+30169010T
TO+I0TSE680T°
TO+30STPSElT
TO+H09LS081T
20+3085997TT

£0+307EE069E"
tO+H0TEE069E"
£0+30990LL9E"
£0+30050199¢"
£0+F0EE9THOL”
€0+30£91179¢"
£0+308S1L65¢
£0+30106695¢"
€0+301970pSe”
£0+3067980S¢t"
£0+30L01SLrE
£0+3059t6Ert”
£0+30596101¢
£0+30LTTT9CE”
£0+30T0ERTEE”
€0+301LL6LTE
£0+I0LTEIETE
tO+30L16161¢E"
€0+30EE6LYIE
£0+30¥T0L01E"
£0+30vLr8s0L
€0+309CLET0E
t0+H08¢68967°
£0+30¥L0STOL
€0+30102288T
£0+50086L€8L
£0+30689¢6LC
£0+306£96VLT
£0+J0S£690LT
£0+306£$$99T
EO+I0LTTETIT”
£0+30ST918ST
£0+30CSYIvST
€0+300L1208T°
£0+30086€94C
£0+30£819THT
£0+30L5L98¢T
t0+3061C6¥ET
£0+40870¢1€C
£0+309v6SLTT
£0+401066£7T
£HI0LTOP0TT
£0+300LL891T
t0+30988EE 1T
£0+309£6001T
£0+3000L890C
£0+30PLBSEOT

10+30000061¢°
1043000005 1¢
10+300000¥1¢
10+300000¢ 1¢
10+30000071¢°
10+3000001 1€
10+30000001¢°
10+30000060¢

10+300000808"
10+300000L0¢"
10+30000090¢

10+30000050¢"

10+300000P0t
[(r+300000£0¢"

10+30000020¢
10+30000010¢
10+30000000t
10+300000662
10+300000862
10+300000£6T
10+30000096Z°
10+30000056Z°
10+30000096T
10+300000€6T
10+30000076T°
10+3000001 6T
10+300000067
10+30000068¢
10+300000887
10+300000L8T
10+300000987°
10+300000587°
10+300000t8T
10+300000£ 87"
10+30000078T
10+300000182°
10+30000008C
1+3000006L2
10+3000008LC
10+300000LLT
10+3000009LC
10+H00000S LT
10+300000vLT"
10+300000€LT
1 0+300000CLT
10+3000001 LT
10+3000000LZ°

1 =33AV1
1 =43AV7
1 =4dAY]
1 =¥3AVv1

=¥HAV1
I =44AV1
1 =¥dAV1]
I =434V
I =434V
I =444V
1 =33AV1
1 =49AV"]
1 =43AV1
[ =MIAVT
1 =43dAv]
1 =43AV1
[ =43AVT
I =¥dAV]
1 =¥3AV1]
I =43AV]
1 =¥9AV1
I =43AV]
U =¥dAV]
1 =43AV1
I =¥3AV]
I =43AV1
1 =44AV1]

=43FAV]
I =434V
1 =¥dAv]
I =43AV1
I =444V
I =4dAV]
[ =45AV1
I =3HAV]
I =¥HAVT
[ =¥4AV']
[ =334V
I =4AV]
[ =¥3AV]
1 =¥dAV]

987=N
987=N
S8Z=N
¥8C=N
£87=N
Z8T=N
18Z=N
08Z=N
6LT=N
8LT=N
LLT=N
9LT=N
SLI=N
YLI=N
£L=

ZLT=N
1LZ=N
OLT=N
69T=N
897=N
L9T=N
99T=N
S9T=N
¥9T=N
£97=N
T9T=N
197=N
09¢=N
65T=N
86T=N
LST=N
9¢T=N
€ST=N
¥ST=N
£5I=N
TST=N
16Z2=N
QWN =

6VT=N
8Y{=N
LVT=N
9Z=N
SPT=N
=

PT=N
TVI=N
IWI=N
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Pressure

4.000
8.000
12.000
16.000
20.000
24.000
28.000
32.000
36.000
40.000
44.000
48.000
52.000
56.000
60.000
64.000
68.000
72.000
76.000
80.000
84.000
88.000
92.000
96.000
100.000
104.000
108.000
112.000
116.000
120.000
124.000

Rate

315
1.199
1.927
2.709
3.198
3.913
4.106
4.254
4.769
4.812
5.094
6.277
6.353
7.352
7.690
7.948
8.406
10.199

9.440
10.930

9.247
10.080
10.597
12.348
11.270
12.023
13.202
12.347
13.675
14.286
11.708

Pressure

128.000
132.000
136.000
140.000
144.000
148.000
152.000
156.000
160.000
164.000
168.000
172.000
176.000
180.000
184.000
188.000
192.000
196.000
200.000
204.000
208.000
212.000
216.000
220.000
224.000
228.000
232.000
236.000
240.000
244.000
248.000

Rate

15.386
15.823
15.300
15.161
16.516
15.757
15.019
15.655
17.405
18.324
18.017
18.577
18.774
19.839
20.230
19911
20.790
21.000
21.386
21.407
21.115
21.621
22.525
22,981
23.258
23.634
23.688
24.088
24.843
24,737
24.666

Pressure

252.000
256.000
260.000
264.000
268.000
272.000
276.000
280.000
284.000
288.000
292.000
296.000
300.000
304.000
308.000
312.000
316.000
320.000
324.000
328.000
332.000
336.000
340.000
344.000
348.000
352.000
356.000
360.000
364.000
368.000

25.216
25.890
26.577
26.919
26.905
27.227
27919
28.298
28.306
27.878
27.736
28.191
28.494
28.519
28.494
28.435
28.262
28.098
27.864
27.006
26.219
25.641
24.533
23.173
21.764
20.198
18.476
16.004
12.832

8.921




Table of Burmn Rate Laws

RANGE
PLOW PHIGH COEF
MPa MPa CM/S-MPa*EXP EXP CORR COEF
19. 37. .54T1SE6+00 .600753 974083
37. 93. .170881E+00 918731 939710
93. 280. .23980SE+00 .843965 983294
30. 280. .207218E+00 .872360 992828
10. 30. .21078E+00 904514 987630
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APPENDIX E:

BRLCB RESULTS FOR TRACK 2
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BURNING RATE ANALYSIS
BRLCB V3.0
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL

Project MS BURN RATES Requested by : W. Oberle
Inf File: a:m5t2.inf Created From .MAS File : a:mS5.mas
P/T File: a:m5t2.pvt Calculation Output File: a:m5t2.out
Smoothed: a:m5t2.pdt Graphics File :  a:m5t2.dat
Fired on: 23 Nov 92
FIRING REMARKS:
Bill Aungst: Operator 1
REDUCTION REMARKS:
Reduced on 12 Dec 92 by W. Oberle
IGNITER INFORMATION
The Igntier Used Is : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Ord.
IGNITER THERMOCHEMICAL PROPERTIES:

Impetus (J/g) : 290.0 Molecular Weight: 66.37000
Flame Temperagure (K): 2188.0 Covolume (cm’/g): .78500
Density (g/cm”) : 1.75000 Gamma : 1.218490

PROPELLANT INFORMATION
The Propellant Used Is M5 Lot : RAD-64597 Of 1966

The Source For The Propellant Is
Propellant Thermochemical Properties:

Radfort Army Ammo Pl
Following Sheets of Output

PROPELLANT GRAIN GEOMETRY

Grain Type: 1l-Perf. Cyl.
Length —~ (cm.): ,574294
Quter Diam.(cm.): .136906
Perf Diam. (cm.): .040894
Inner Web (cm.): .048006

Bomb Information

Gage Information

Closed Chamber
209.0

Bomb Type :
Bomb Vol (cm?) :

Gage I.D. ¢ C14430
Input Voltage :  7.3150
Constants For Fit: A+Bx+C~2
A: .20157E+01

B: .52474E~01

C: ~.12544E-06

Temperature and Charge Mass Information

Propellant Mass (g) : 52.4396
Initial Temp. Prop. (K) T 294,
Initial Bomb Temp. (K) : 294,
Number of Propellant Grains: 4127.56

Number of Wildpoint Passes : 1
Number of Smoothing Passes : 1
Bridge Length : 15

222220222222 a2t RSttt i s a8 i a2t i 0 2Rl st SRR R

Igniter Mass (g): 1.5000

Igniter Temp. (K): 294.
Wildpoint Tolerance: 2.000
Smoothing Option v 1
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A AR AR AR AR R R RN A AN R AR A A AR AN AR R AR R R A AN AR A A AR RN AR R AR IR AR A AN AR ANNANR NN AR

Total # Layers = 1

Chamber Volume (cm’) = 209.000

Heat-Loss-Fraction (n-d) = .000

Time Step (mil-sec) = .10000000E-01 Max Time Steps = 1200

Convergence Criterion = _10000000E-04

Computation Type (1=BURN-RATE, 2=PTGEN, 3=SURF AREA, 4=INTERR BOMB, 5=ETC) 1

L2322 SR 222222 X3 22222222 22X 2222220282222 R 222t Rt Lt 24

Beginning (1) of Layer End (2) of Layer

2232222222222 2SR t2 0223222223222 2022222222 i 220t Rttt RRRR R ssd )

Propellant Mass in grams
333 X 2 R P S RS S SRS S22 222222 3R X2 2222222 2R RS2SR0 22220282 X £

1 52.43960
Ignitor 1.50000
Air .21234

I3 2222223322223 X22 322 22 222222222222 2222 288 22t sttt i d gy

Propellant Density in g/cm®
S R Rl R R R R AR Rt R a2 AR R R R R AR R 2223222222822 2222322322222 2222222282228 2222
1 1.65000 1.65000
Ignitor 1.75000

b A2 SRR3R 22 22222222222 282022 s kst st it Rt Rt o8

Propellant Impetus in J/g
P22 X222 223 2R IS LTSRS 222222202 R2aR 2R R SRR RER R R 2]
1 1093.00000 1083.00000
Ignitor 290.00000

E s 2222222222222t 2 2222222222222t REs s st it s s st T

Propellant Flame Temperature in deg K
(S22 28 28 ¢33 22222222223 222822322323 2323 82282 dsss2 8222222222222 238222282 X ]
1 3379.00000 3379.00000
Ignitor 2188.00000

bR 82222 222222 s 222222222 2222 2222238222222 2202222222222 R Rt i Rasss

Propellant Molecular Weight in g/g-~mol
(2 222 R RS X222 22222223 XSS RS2SR 2222222222222 RS2 2222228282223 2 2 8

1 25.70266 25.70266
Ignitor 66.37000
Air 28.90000

222 22222222222t 2Rttt s asisR Rt i st i i st R s asaas sy

Propellant Gas Constant in cal/g-deg K
122 2822282222223 322 2222228222322 3223232223 d 238222 a2 22222 2 XSRS ]

N .07731 .07731
Ignite. .02994
Air .06876

2 XS SRR RS RR Rt sl il sttt sttt s 2 iRt RSl

Gamma (Ratio of Specific Heats)
122222822222 2222332233223 2322283232223 22 223223222 ¢22 282222222 a2 222t R R R

1 1.22580 1.22580
Ignitor 1.21840
Air 1.40000

E 2222222222222 222 AR i2 8 i8R 222 Rttt 2t 2Rt st eSS

Specific Heat (Cv) in cal/g—-deg K
I 22822 2822232322283 2L2 2223222223222 222 222222 R s R

1 .34240 .34240
Ignitor .13709
Air .17190

(22 222222 22822022 s 222222 22222 S22 st 2R 2Rt Rl

Covolume in cm’/g
L 2222222222222 22882222 XX 2222222222222 S22 2222223222222 R Rt RSS2

1 .98400 .98400
Ignitor .78500
Air .98000

I Z 2222222222222 2322222222222 822 Xttt is st SR
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Pressure

4.000
8.000
12.000
16.000
20.000
24.000
28.000
32.000
36.000
40.000
44.000
48.000
52.000
56.000
60.000
64.000
68.000
72.000
76.000
80.000
84.000
88.000
92.000
96.000
100.000
104.000
108.000
112.000
116.000
120.000
124.000

Rate

238
.888
1.984
3.057
2.867
3.368
3.732
4.523
5.142
5.642
5.955
6.497
6.465
1.297
7.811
8.404
8.635
9.405
9.801
10.164
10.751
11.413
11.711
10.276
9.498
10.155
12.408
13.733
15.558
15.696
14.659

Pressure

128.000
132.000
136.000
140.000
144.000
148.000
152.000
156.000
160.000
164.000
168.000
172.000
176.000
180.000
184.000
188.000
192.000
196.000
200.000
204.000
208.000
212.000
216.000
220.000
224.000
228.000
232.000
236.000
240.000
244.000
248.000
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Rate

13.541
12.975
14.224
15.447
16.280
17.023
17.316
16.331
16.696
18.094
18.619
19.032
19.116
19.589
20.142
19.594
19.358
19.206
20.219
20.968
21.141
21.156
21.708
22.886
23.741
24.268
24.569
24.934
25.408
25.618
25.617

Pressure

252.000
256.000
260.000
264.000
268.000
272.000
276.000
280.000
284.000
288.000
292.000
296.000
300.000
304.000
308.000
312.000
316.000
320.000
324.000
328.000
332.000
336.000
340.000
344.000
348.000
352.000
356.000
360.000
364.000
368.000

Rate

25.459
25.409
25.636
25.841
26.059
26.519
26.881
27.002
27.251
27.773
28.301
28.615
28.626
28.442
28.342
28.204
28.120
28.046
27.864
27.683
27.088
26.314
25.030
23.343
21.735
20.036
18.159
15.758
13.012

5.903




Table of Bum Rate Laws

RANGE
PLOW PHIGH COEF EXP CORR COEFF
MPa MPa CM/S-MPa*EXP
19. 37. .174479E+00 929768 985229
37. 93. .247634E+00 .839917 949415
93, 278. .177142E+00 .900312 966770
30. 300. .251033E+00 .833238 991191
30. 280. .249648E+00 .834555 990259
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APPENDIX F:

BRLCB RESULTS FOR TRACK 3
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BURNING RATE ANALYSIS
BRLCB V3.0
ADVANCED BALLISTIC CONCEPTS BRANCH ~ BRL

Project : BC M5 BURN RATES Requested by : W. Oberle
Inf File: a:m5t3.inf Created From .MAS File : a:m5.mas

P/T File: a:m5t3.pvt Calculation Output File: a:m5t3.out
Smoothed: a:m5t3.pdt Graphics File : a:m5t3.dat

Fired on: 23 Nov 92

FIRING REMARKS:
Bill Aungst: Operator

REDUCTION REMARKS:
Reduced on 12 Dec 92 by W. Oberle

IGNITER INFORMATION
The Igntier Used Is : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Ord.

IGNITER THERMOCHEMICAL PROPERTIES:

Impetus (J/g) : 290.0 Molecular Wezght~ 66.37000
Flame Temperature (K): 2188:0 .7850Covolume (g/cm?)
Density (g/cm’) : 1.75000 Gamma : 1.21840

PROPELLANT INFORMATION
The Propellant Used 1Is MS Lot: RAD-64597 Of 1966
The Source For The Propellant 1s Radfort Army Ammo Pl
Prcpellant Thermochemical Properties: Following Sheets of Output

-
-
-
-

PROPELLANT GRAIN GEOMETRY
Grain Type: 1l-Perf., Cyl.

Length ——= (cm.): .574294
Outer Diam.(cm.): .136906
Perf Diam. {(cm.': .040894
Inner Web (cm.): .048006
Bomb Information Gage Information
Bomb Type : Closed Chamber Gage I1.D. : C14430
Bomb Vol (cm3): 209.0 Input Voltage : 7.3150
Constants For Fit: A+Bx+C"*2
A: .20157E+01
B: .52474E-01

C: =~.12544E-06

Temperature and Charge Mass Information

Propellant Mass (g) :+ 52.3564 Igniter Mass (g} : 1.5000
Initial Temp. Prop. (K) : 294, Igniter Temp. (K) 294,
Initial Bomb Temp. (K) s 294,

Number of Propellant Grains: 4121.02

Number of Wildpoint Passes : 1 Wildpoint Tolerance: 2.000
Number of Smoothing Passes : 1 Smoothing Option : 1
Bridge Length ¢ 15

AR R R R R KRR A AP AR AR R R R R R IR R AR AT R R KRR R AR AR NN RARRARRRARRRN R AR AR RA RN AR A kAR kA A
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t2 22222 AR 2R 2 2822822222 22200ttt 2t R s Rttt it R it Rt

Total # Layers = 1

Chamber Volume {(cm3) = 209.000

Heat-Loss-Fraction (n-d) = ,000

Time Step (mil-sec) = .10000000E-01 Max Time Steps = 1200

Convergence Criterion = ,10000000E-04

Computation Type (1=BURN-RATE, 2=PTGEN, 3=SURF AREA, 4=INTERR BOMB, 5=ETC) 1

AR AR R AT AR A AR R R R AR AR AR A AR R AR R AR KRR AR KK A KL R AR A A AT AR AR A A AR AR AR AR AT A AR AR

Beginning (1) of Layer End (2) of Layer

t2 222 A2 R2 2SR 22R22 222222232222 X222ttt R0 R s s a2l t Rl

Propellant Mass in grams
IS 2 2222222222222 RSLLITIXIFLILSEXZSSEL S22 SR 22RRZARSERREaRERR RS SRRRRRR S &

1 52.35640
Ignitor 1.50000
Air .21240

b2 22 2222222222222 F L2222 SLSR 222222222t Rttt R

Propellant Density in g/cm’
' 2 2 2 2 T R R R 222 R R R R R R R AR R R R 222 2222222222222 222222223222 282222222 8 27
1 1.65000 1.65000
Ignitor 1.75000

2 822222 222 2222222322222 2222822322232 Rt R Rttt 2R SRttty

Propellant Impetus in J/g
I 22 2 s R R e e R A P 2 S L2 RS2 R2222222 28222 X 2222288822220 R2RR R s SR E R
1 1093.00000 1093.00000
Ignitor 290.00000

ER R R 2 S22 22222223 222 2222223222228ttt st st it b sl S]]

Propellant Flame Temperature in deg K
1332283222223 2222223232382 222222222222 22R 2Rt 2d st s Rkt st s s
1 3379.00000 3379.00000
Ignitor 2188.00000

LSRR 2222 222222ttt Rt et is s sl s st s st ettt sl st tss SR

Propellant Molecular Weight in g/g-mol
122 222222222222 22 2223222822 22 8223828228222 2 3222322222222 s2223 22222 X4

1 25.70266 25.70266
Ignitor 66.37000
Air 28.90000

LS RS R RS s aT s 22 22 Rissitsisitiat 2 st st R E S

Propellant Gas Constant in cal/g-deg K
I3 2222 222 822222222222 R 23 X222 8222232228222 2232222282232 822222322223

1 .07731 .07731
Ignitor .02994
Air .06876

AR KRR AR A A A A A A A A A AR KRR AR A A I AR R RN AR A AR AR A AR AR kR kkkkkkhkhkdkk

Gamma (Ratio of Specific Heats)
TARTANKK AT d Ak Nk ki drdkkdedk drdd gk ok s deok ko k& de sk sk de ok g ok o ak ke o I o o ok ko ok s gk ok e T ok A ok ok ok e o o i ke g ok ek ok ke ok

1 1.22580 1.2258¢0
Ignitor 1.21840
Air 1.40000

LE 222 SRR 2Rttt Rt R st st Rt s i sttt st d R

Specific Heat (Cv) in cal/g~deg K
222 RS R RS2 R R RRRtRastttii stz 222 2228032222 R o2 £

1 .34240 .34240
Ignitor .13709
Air .17190

L3322 R RS SE SRR a R Rt Rt t 2Rt Rat i iio d it aio sttt i ot ittt s

Covolume in cm’/g
L2 82 22X2 222322222222 322222222332 22X23 X2 X202 222222222 R i 8282322222222 22 43

1 .98400 .98400
Ignitor .78500
Air .98000

(233 R 222222 R R RS2 Rt it 22 R A Ao 2Rttt Rl S
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Pressure

4.000
8.000
12.000
16.000
20.000
24.000
28.000
32.000
36.000
40.000
44.000
48.000
52.000
56.000
60.000
64.000
68.000
72.000
76.000
80.000
84.000
88.000
92.000
96.000
100.000
104,000
108.000
112.000
116.000
120.000
124.000

Rate

145
.628
1.390
2.129
2.967
3.543
3.841
4.131
4.793
5.164
5.558
6.919
6419
6.171
7.748
8.309
8.470
6.756
9.022
10.947
11.795
11.591
11.109
12.375
10918
11.740
11.203
11.242
13.243
16.227
14.583

Pressure

128.000
132.000
136.000
140.000
144.000
148.000
152.000
156.000
160.000
164.000
168.000
172.000
176.000
180.000
184.000
188.000
192.000
196.000
200.000
204.000
208.000
212.000
216.000
220.000
224.000
228.000
232.000
236.000
240.000
244.000
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15.030
15.457
16.193
16.040
16.423
15.496
16.639
14.397
16.541
18.599
20.057
19.753
19.039
19.104
18.216
18.223
18.295
19.979
21.948
22.666
23.229
23.654
23.772
23.937
23.985
23.843
24.101
23.906
23.731
24.524

Pressure

248.000
252.000
256.000
260.000
264.000
268.000
272.000
276.000
280.000
284.000
288.000
292.000
296.000
300.000
304.000
308.000
312.000
316.000
320.000
324.000
328.000
332.000
336.000
340.000
344.000
348.000
352.000
356.000
360.000
364.000

25.117
25.017
25.225
25.897
26.483
26.926
27.216
27.464
27.703
28.002
28.491
28.706
28.625
28.954
29.095
28.869
28.499
28.044
27.468
26.862
26.293
25.615
24.819
23.525
21.754
19.870
17.488
14.848
11.765

7.163




Table of Bum Rate Laws

RANGE
PLOW PHIGH COEF EXP CORR-COEF
MPa MPa CM/S-MFParEXP
18. 37. .308054E+00 751852 969462
37. 92, .157450E+00 944995 944823
92. 276. 221427TE+00 859388 967566
30. 280. 204503E+00 876157 990695
30. 300. .206544E+00 873784 991358
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APPENDIX G

BRLCB RESULTS FOR TRACK 4
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BURNING RATE ANALYSIS
BRLCB V3.0
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL

Project : M5 BURN RATES Requested by W. Oberle
Inf File: a:m5t4.inf Created From .MAS File a:mS.mas
P/T File: a:m5t4.pvt Calculation Output File: a:mSt4.out
Smeoothed: a:mS5t4.pdt Graphics File : a:mSt4.dat
Fired on: 23 Nov 92
FIRING REMARKS:
Bill Aungst: Operator
REDUCTION REMARKS:
Reduced 12 Dec 92 by W. Oberle
IGNITER INFORMATION
The Igntier Used Is : Black Powder Lot : FFFG
The Source For The Igniter Is: Pellets, Milan Ord.
IGNITER THERMOCHEMICAL PROPERTIES:

Impetus (J/g) : 290.0 Molecular Weight: €6.37000
Flame Tempera;ure (K): 2188.0 Covolume (g/cm’): .78500
Density (g/cm°) : 1.75000 Gamma : 1.21840

PROPELLANT INFORMATION
The Propellant Used Is T M5 Lot: RAD-64597 Of 1966

The Source For The Propellant 1Is : Radford Army Ammo Pl
Propellant Thermochemical Properties: Following Sheets of Output

PROPELLANT GRAIN GEOMETRY
Grain Type: 1-Perf. Cyl.

Length ——— (cm.): .574294
Outer Diam. (cm.): .136906
Perf Diam. (cm.): .040894
Inner Web (cm.): .04800¢
Bomb Information Gage Information
Bomb Type : Closed Chamber Gage I.D. : C14430
Bomb Vol (cm®): 209.0 Input Voltage : 11.5600
Constants For Fit: A+4Bx+C"2
A: .20157E+01

B: .52474E-01
C: -.12544E-06

Temperature and Charge Mass Information

Propellant Mass (g) : 73.1632 Igniter Mass (g) : 1.5000
Initial Temp. Prop. (K) s 294, Igniter Temp. (K) : 294,
Initial Bomb Temp. (K) : 294,

Number of Propellant Grains: 5758.74

Number of Wildpoint Passes : 1 Wildpoint Tolerance: 2.000
Number of Smoothing Passes : 1 Smoothing Option : 1

Bridge Length : 15

AR R IR R AR AR RN AR AR R A AR AR AT AR R IR AR A AR AR R AR RN AR RN AR AR RN R AR R ARRAR AN AR
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RN R AR R R AR AN A AT R A AR A AR R AR AR R A AR A A R AR R A KA KRR AR ARARARAAN N RN A RN A RNTANR AT R RN A AR

Total # Layers = 1}

Chamber Volume (cm’) = 209.000

Heat-~Loss—~Fraction (n-d) = .000

Time Step (mil-sec) = .10000000E-01 Max Time Steps = 1200

Convergence Criterion = _10000000E-04

Computation Type (1=BURN-RATE, 2=PTGEN, 3=SURF AREA, 4=INTERR BOMB, S5=ETC) 1

132222222282 232 2222232323222 22328222 Rt Rt Rt X2ttt

Beginning (1) of lLayer End (2) of Layer

AR AR R R AR A AR AR AR R R AR R AR RN AN A AR R A AR R AR AR RN AN AN AR AR AA KA AAXTRARNA AR R RN AR T AR

Propellant Mass in grams
P2 2 P R 222222232232 22222 322223232222 X222 2332222222222 22 RE2 2 22 Rt st et

1 73.16319
Ignitor 1.50000
Air .19722

I 2222222232233 33233323333 22233 2282223222222 3 302232223223 2223 3220222222223 22222 ¢

Propellant Density in g/cm’
A A KR AR R A A AR R KR AR R AR AR A AR R R R AR R A AR AN AR R AR AR R R R AR AR AN R AR R IN RN RN KRR R RN AN
1 1.65000 1.65000
Ignitor 1.75000

I 2 R R R R 2222222232223 2322222232222 2222220222222 d st sl i

Propellant Impetus in J/g

L R 2222 R Y 2 R R R R 2222322223323 82233 2222222222222 2202222022 22222202 ate s

1 .1093.00000 1093.00000
Ignitor 290.00000

2222322222322 3323 3232322333332 822 2222224222222 XX 223222822222 282822

Propellant Flame Temperature in deg K
122 2282 2 P RS RS RS2 2RSS 2SS RS RS2SR 2222 22 X22 22222222 22X 222 4
1 3379.00000 3379.00000
Ignitor 2188.00000

(2223222222222 2282322333222 22228222t 2222ttt i 2 i s sasd]
Propellant Molecular Weight in g/g—-mol

L2222 2222232822280 22222 3223228222220 222223222222 R 2R R0 2 il s R SR

1 25.70266 25.70266
Ignitor 66.37000
Air 28.90000

(2 AR 22822 222 R R 2R R Rt iR 22 2 2 i i a0 22222t RESRRSRRRRERRRERRRRRRE SRS R

Propellant Gas Constant in cal/g-deg K
AR E AR AR AR R A AR A AT R AT R AR AR A AR R AR KRR AAN A A AR R A A I AN R AR A AR A A AR A A AT kA kA ke k

1 .07731 .07731
Ignitor .0299%4
Air .0687¢6

L2222 RS R Rt SRR Rt 222802ttt tist it s d i s b R R

Gamma (Ratio of Specific Heats)
2 3 22232222222 2822 8222222222223 222228222323 222222222 ¢RR22 s R SRR Rt Ryt S

1 1.22580 1.22580
Ignitor 1.21840
Air 1.40000

i 222 3222222222222 22tResR s st ii o g2 sl st tlit sl R

Specific Heat (Cv) in cal/g-deg K
LA 2SR 22222222 2222222222232 822232 222222822222 R i s 282 2SR R

1 .342490 .34240
Ignitor .13709
Air .17190

E L 2223222233223 223 3323222222322 3 222222222 2202222220 2ats2sR 2t atsat st RS R

Covolume in cm3/g

AR AR A AR AR AN R AR AR R AR R AR R R AR R RN AR A ANk kRN AR AR RARR IR AR A ARk kAR ®

1 .98400 .98400
Ignitor .78500
Air .98000

123 22222222222 2222 2222222222 s s RS2 2222222282222t an s
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Pressure

4.000

8.000
12.000
16.000
20.000
24.000
28.000
32.000
36.000
40.000

48.000
52.000
56.000
60.000
64.000
68.000
72.000
76.000
80.000
84.000
88.000
92.000
96.000
100.000
104.000
108.000
112.000
116.000
120.000
124.000
128.000
132.000
136.000
140.000
144.000
148.000
152.000
156.000
160.000
164.000
168.000
172.000
176.000
180.000
184.000
188.000
192.000
196.000

Pressure

200.000
204.000
208.000
212.000
216.000
220.000
224.000
228.000
232.000
236.000
240.000
244.000
248.000
252 000
256.000
260.000
264.000
268.000
272.000
276.000
280.000
284.000
288.000
292.000
296.000
300.000
304.000
208.000
312000
316 G
320.000
324.000
328.000
332.000
336.000
340.000
344.000
348.000
352.000
356.0C0
360.000
364.000
368.000
372.000
376.000
380.000
384.000
388.000
392.000

111

Rate

20.487
21.267
21.946
22.347
22.556
22.678
23.118
23.586
24.055
24.510
24.935
25.296
25.384
25.453
25.525
25.804
26.080
26.354
26.603
26.911
27.367
27.801
28.223
28.695
29.155
29.528
29 842
30.039
30.329
30.720
31.085
31.433
31.717
31.968
32.258
32.568
32.758
32.884
33.018
33.158
33.399
33.733
33.972
34.067
34.175
4,329
34.503
34.921
35.338

Pressure

396.000
400.000
404.000
408.000
412.000
416.000
420.000
424.000
428.000
432.000
436.000
440.000

448.000
452.000
456.000
460.000
464.000
468.000
472.000
476.000
480.000
484.000
488.000
492.000
496.000
500.000
504.000
508.000
512.000
516.000
520.000
524.000
528.000
532.000
536.000
540.000

548.000
552.000
556.000
560.000
564.000
568.000
572.000
576.000
580.1700
584.000
588.000

Rate

35.714
36.083
36.420
36.734
37.034
37.289
37.545
37.770
37.989
38.219
38.465
38.710
38.930
39.147
39.381
39.639
39.897
40.136
40.372
40.541
40.440
40.338
40.137
39.848
39.558
39.317
39.079
38.736
38.185
37.635
37.028
36.405
35.847
35.395
34.938
35.14
33.270
32.226
31.105
29.889
28.612
27.066
25.361
23.367
21.215
18.776
10.950
18.529
18.628




Table of Bumn Rate Laws

Range
PLOW PHIGH COEF EXP CORR COEF
MPa MPa CM/S-MP2"EXP
30. 59, .510368E+00 .665335 989260
59, 148. .274854E+00 .815497 978654
148. 444, .283246E+00 810907 991613

20. 420. .315470E+00 790155 .998209
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APPENDIX H:

BRLCB RESULTS FOR TRACK 5§
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INTENTIONALLY LEFT BLANK.
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BURNING RATE ANALYSIS
BRLCB V3.0
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL

Project : M5 BURN RATES Requested by : W. Oberle
Inf File: a:m5t5.inf Created From .MAS File : a:mS.mas

P/T File: a:m5t5.pvt Calculation Output File: a:m5tS5.out
Smoothed: a:mSt5.pdt Graphics File : a:m5t5.dat

Fired on: 23 Nov 92

FIRING REMARKS:
Bill Aungst: Operator

REDUCTION REMARKS:
Reduced 12 Dec 92 by W. Oberle

IGNITER INFORMATION
The Igntier Used Is : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Oxd,

IGNITER THERMOCHEMICAL PROPERTIES:

Impetus (J/q) : 290.0 Molecular Weight: 66.37000
Flame Temperature (K): 2188.0 Covolume (g/cm3): .78500
Density (g/cm’) : 1.75000 Gamma T 1.21840

PROPELLANT INFORMATION

The Propellant Used Is : M5 Lot: RAD-64597 Of 1966
The Source For The Propellant Is : Radford Army Ammo Pl

Propellant Thermochemical Properties: Following Sheets of Output

PROPELLANT GRAIN GEOMETRY
Grain Type: 1-Perf. Cyl.

Length ——- (cm.): .574294
Outer Diam.(cm.): .136906
Perf Diam. (cm.): .040894
Inner Web (cm.): .048006
Bomb Information Gage Information
Bomb Type : Closed Chamber Gage I.D. ¢ C14430
Bomb Vol (cm®): 209.0 Input Voltage : 11.5600
Constants For Fit: A+Bx+C"2
A: .20157E+01
B: .52474E-01
C: -.12544E-06

Temperature and Charge Mass Information

Propellant Mass (g) : 73.1950 Igniter Mass (g) ¢ 1.5000
Initial Temp. Prop. (K) : 294, Igniter Temp. (K) : 294,
Initial Bomb Temp. (K) s 294,

Number of Propellant Grains: 5761.24

Number of Wildpoint Passes : 1 Wildpoint Tolerance: 2.000
Number of Smoothing Passes : 1 Smoothing Option ¢ 1
Bridge Length : 15

P s 2222222232 X232 22322 R 2222222 223 2222222223222 22 22 s2st it sl s
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IS 222 R2 22 222RRSRRRRR2RRRRXERERER RSS2 RSt sRRARRRRRRRRR RN

Total # lLayers = 1}

Chamber Volume (cm®) = 209.000

Heat-Loss~-Fraction (n-d) = _000

Time Step (mil-sec) = .10000000E-01 Max Time Steps = 1200

Convergence Criterion = ,10000000E-04

Computation Type (1=BURN-RATE, 2=PTGEN, 3=SURF AREA, 4=INTERR BOMB, 5=ETC) 1

2222228222222 2R R X2 R R i st Rasd R Ao b o R ARARERSR S22 22222 R 2

Beginning (1) of Layer End (2) of Layer

IR XS AR 22 RS2 R2 2R 2822 R 22 R 222222 SR 2222 R Rt Rttt st tisddistss ]

Propellant Mass in grams
222222 LE2 222 X22 2228222 2R 2R R i8R RitsXaR ot tii o il o i, s sl R S R

1 73.19500
Ignitor 1.50000
Air .19719

(22X 22222 S222S2 2222232228222 2222220222222 s 2 22 X2 R

. . 3
Propellant Density in g/cm
I R 2 2 222 R R 22322 A 2232222 3323822322222 22222230 XX 22 2882222222222 2
1 1.65000 1.65000
Ignitor 1.75000
AR AR A AR R AR AN R R AR R AR R AR AR R AR A RN AR A A RRA AR R A AR AN AR AR AL AR AN AR AN AR A AR R

Propellant Impetus in J/g
(22222222 YR SRR RSS2SR RS2 2222222322222 22X 2222222 RS20 2 222 ds
1 1093.00000 1093.00000
Ignitor 290.00000

L2222 2282222222222 2 X2 X22222 82822222222 st 382Xt SRRt i i sttt R2R S ]

Propellant Flame Temperature in deg K
(22 222 AR 2222232222222 22222222t 2228322222228t st s st sy
1 3379.00000 3379.00000
Ignitor 2188.00000

L2222 A2 222222222t 2Rzt a st s s is s it a2 b i i i s s R s ettt 2

Propellant Molecular Weight in g/g-mole

E2 2SR 222t et a2 sttt Rl i R R 8 22 R 2 a2t sR RS R 2

1 25.70266 25.70266
Ignitor 66.37000
Air 28.90000

L2 8882 2RSSR R R 2SR s R R 2 2 2 2 222222222222

Propellant Gas Constant in cal/g-deg K
L2 22228282222 RS2 aR a8 SRR X2 2 RSS2 S22 2222222222 XX 2

1 .07731 .07731
Ignitor .02994
Air .06876

123222282 R XSl 2 2Rt 22 2232222222222 2T

Gamma (Ratio of Specific Heats)
L2222 222222222222 2222222822222 223222 3223332322282 3282222 X222 X3

1 1.22580 1.22580
Ignitor 1.21840
Air 1.40000

LIS 2SS RS RS is Rttt 22222222 2222222222222 2

Specific Heat (Cv) in cal/g-deg K

E2 2208222222222ttt 22222 Rt 2Rt R s

1 .34240 .34240
Ignitor .13709
Air .17190

L2 2222228222222 R et a2ttt 2222822220 2220222288222 2223222222222 2

Covolume in cmi/g
(2232233222222 22 eR 00 a2 2R 2222222232222 32223222232 X a2 g

1 .98400 .98400
Ignitor .78500
Air .98000

E 2R 2L 2222222222 2R R 222228222222 2223 222222228222 2222222222222 X2}
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Rate

174

1.541
2.292
3.140

4228
4.853
5.442
5.988
6.422
6.666
7.058

8.495

8.522

8.473

8.548

8.919

9.377
10.469
11.180
11.797
11.701
12.080
12.341
12.596
12.887
13.311
14.187
14.146
14.265
15.131
15.260
15.338
15915
16.266
16.496
17.039
17.557
18.171
18.987
19.483
19.650
19.668
19.827
20.114
20.247

Pressure

196.000
200.000
204.000
208.000
212.000
216.000
220.000
224.000
228.000
232.000
236.000

244.000
248.000
252.000
256.000
260.000
264.000
268.000
272.000
276.000
280.000
284,000
288.000
292.000
296.000
300.000

308.000
312.000
316.000
320.000
324.000
328.000
332.000
336.000
340.000

348.000
352.000
356.000
360.000
364.000
36%.000
372.000
376.000
380.000
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Rate

20.118
20.222
20.554
21.055
21.603
22.050
22.407
22.812
23.292
23.889
24.381
24.735
24.904
24 998
25.147
25.396
25.618
25.830
26.028
26.381
26.803
27.314
27.840
28.381
28.932
29.486
30.072
30.636
31.068
31.452
31.666
31,905
32.210
32.494
32.722
32.891
32.874
32.912
33.189
33.490
34,934
34.376
34.456
34.536
34.628
34.723
34917

Pressure

384.000
5388.000
392.000
396.000
400.000
404.000
408.000
412.000
416.000
420.000
424.000
428.000
432.000
436.000
440.000
444.000
448.000
452.000
456.000
460.000
464.000
468.000
472.000
476.000
480.000
484.000
4£8.000
492.000
496.000
500.000
504.000
508.000
512.000
516.000
520.000
524.000
528.000
532.000
536.000
540.000
544.000
548.000
552.000
556.000
560.000
564.000
568.000

Rate

35.162
35.394
35.609
35.851
36.211
36.571
37.000
37.437
37.808
38.121
38422
38.605
38.788
38.970
39.151
39.351
39.739
40.128
40414
40.614
40.814
40.781
40.717
40.686
40.759
40.832
40.829
40.773
40.716
40.342
39.934
3%.460
38.785
38.111
37311
36.456
35.574
34.513
33.652
32.591
31.525
30.148
28.589
26.889
24.997
22.878
17.911




Table of Bum Rate Laws

RANGE
PLOW PHIGH COEF
MPa MPa CM/S-MPa"EXP
30. 59. .323998E+00
59. 148. 282177TE+00
148. 443. .284842E+00
30. 440. .295513E+00

12¢

EXP

783304
.811974
.811954
.804638

CORR
COEF

991201

981494
996450
998717
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BRLCB RESULTS FOR TRACK 6
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INTENTIONALLY LEFT BLANK.
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BURNING RATE ANALYSIS
BRLCB V3.0

ADVANCED BALLISTIC CONCEPTS BRANCH - BRL

Project : M5 BURN RATES Requested by : W. Oberle
Inf File: a:mSté6.inf Created From .MAS File a:m5.mas
P/T File: a:m5t6.pvt Calculation Output File: a:m5té.out
Smoothed: a:mSté.pdt Graphics File : a:mbté.dat
Fired on: 24 Nov 92
FIRING REMARKS:
Bill Aungst: Operator
REDUCTION REMARKS:
Reduced on 12 Dec 92 by W. Oberle
IGNITER INFORMATION

The Igntier Used Is : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Ord.

IGNITER THERMOCHEMICAL PROPERTIES:
Impetus (J/g) : 290.0 Molecular Welght‘ 66.37000
Flame Tempera:ure (K): 2188.0 Covolume (g/cm ): .78500
Density (g/cm’) : 1.75000 Gamma 1.2184¢0

PROPELLANT INFORMATION

M5 Lot: RAD-64597 Of 1966
Radford Army Ammo Pl

Following Sheets of OQutput

The Propellant Used Is
The Source For The Propellant Is
Propellant Thermochemical Properties:

PROPELLANT GRAIN GEOMETRY

Grain Type: 1-Perf. Cyl.
Length —— (cm.): .574294
Outer Diam.{(cm.): .136906
Perf Diam. (cm.): .040894
Inner Web (cm.): .048006

Bomb Information Gage Information

Bomb Type : Closed Chamber Gage I.D. C14430
Bomb Vol (cm®): 209.0 Input Voltage : 11.5600
Constants For Fit: A+Bx+C"2
A: .20157E+01
B: .52474E-01
C: -.12544E~06

Temperature and Charge Mass Information

Propellant Mass (g) : 73.488% Igniter Mass (g) : 1.5000
Initial Temp. Prop. (K) : 294, Igniter Temp. (K) 294,
Initial Bomb Temp. (K) : 294,

Number of Propellant Grains: 5784.37

Number of Wildpoint Passes : 1 Wildpoint Tolerance: 2.000
Number of Smoothing Passes : 1 Smoothing Option : 1
Bridge Length : 15

**'ﬁk*********tt**t**l‘*******i*****ttt*****i**ﬁ***********’ktt**it*tt*t**t***t*t
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LR E RS 2R S 22RSeRaRRitsR st i st s s R0 2R t2SRRRERRRRRRSR R

Total # Layers = ]

Chamber Volume (cm®) = 209.000

Heat-Loss~Fraction (n-d) = .000

Time Step (mil-sec) = ,10000000E-01 Max Time Steps = 1200

Convergence Criterion = ,10000000E-04

Computation Type (1=BURN-RATE, 2=PTGEN, 3=SURF AREA, 4=INTERR BOMB, S5=ETC) 1

2222222222222 222232222222 222222222202 222222222 2 X222 2 222822222 R2tXRR 2

Beginning (1) of Layer End (2) of Layer

L2 2SS 2 X222 3228222232222 2222222 R 2Rt it i 2 s i s Rttt R RS

Propellant Mass in grams
KRR AR AR AR R AR AR R RN R R R R R AR AR A AR AN AR R AR AR AR AN AR R R AR AR RN AR AR A AR AR ARRRR AN R AR

1 73.48890
Ignitor 1.50000
Air .19698

[ 2 2222323223882 32233222 23223223222 2223222222222 2382232222222 22222¢2282 202221

Propellant Density in g/cm3
2222 2222223222223 2X3 2222233232322 2222 2222222222222 22 2223222222823 X2
1 1.65000 1.65000
Ignitor 1.75000

PSS EEPYRLTERTLLSISELSIZSS SR S22 0S4 R R 22 2R RSS2SRl a R R

Propellant Impetus in J/g
I R R R R R R 2R 22 X2 2232232332223 2222322282222 2228228228220 A RS2 R2¢X22 2ateds S 4
1 1093.00000 1093.00000
Ignitor 290.00000

[ 2L ISR LITISEIIISESL 2222222222222 R2d2 2R 2R 220 2t R a0t Xa Rt ats ]

Propellant Flame Temperature in deg K
L2 2 2 2 RS X222 2RSS XSS R 2222 XS 242222 2X2 2822222222222 222222222223 X 8RS
1 3379.00000 3379.00000
Ignitor 2188.00000

2 2242222222222 2222222222222 2222222202222 2222 2R RRaRER R A RAR SRS

Propellant Molecular Weight in g/g~mole
(222 222222222222 R s s sl 3320322222 RRRE S S

1 25.70266 25 70266
Ignitor 66.37000
Air 28.90000

F R R 2 S22 LS A SSs Rt ls ot ARl s 2R X Rt SRR Rt RRSR Rt R R

Propellant Gas Constant in cal/g-deg K
2222222222222 2R 202322222ttt 2Rt 2R st R R

1 .07731 .07731
Ignitor .02994
Air .06876

L3S 2RSSRttt sttt st 2R i s Ras s s sl

Gamma (Ratio of Specific Heats)
L2 2 F2 222222223 2222223222222 2222382322228 2232 322322222823 RdTXS2 X222 34

1 1.22580 1.22580
Ignitor 1.21840
Air 1.40000

t2 22 A 222222222222t ettt 2222222 22 22222222 222222222 2]

Specific Heat (Cv) in cal/g-deg K

L3252 2222222222 s Rt R s s 2222222222222 2222222222 S 2

1 .34240 .34240
Ignitor .13709
Air .17190

2222882 222 SRR 2222222222 st 2222222222222 222220 X822 222X SRS

Covolume in cm’/g
1422 X322 222222222222 2223222222232 3222222223222 XT3 P22 232282224 21

1 .98400 .98400
Ignitor .78500
Air .98000

LR 222822222222 2R 222l R R 232 222282222 Xt st 2 s s 2 a X g 2
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10~-30090009°
10-3009000vC°
10-30009v8¢T
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PO+H0065ECEE”
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T6T=N

16T=N
062=N
68C=N
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Pressure

4.000
8.000
12.000
16.000
20.000
24.000
28.000
32.000
36.000
40.000
44.000
48.000
52.000
56.000
60.000
64.000
68.000
72.000
76.000
80.000
84.000
88.000
92.000
96.000
100.000
104.000
108.000
112.000
116.000
120.060
124.000
128.000
132.000
136.000
140.000
144.000
148.000
152.000
156.000
160.000
164.000
168.000
172.000
176.000
180.000
184.000
188.000
192.000
196.000

Rate

227

1.693
2.480
3.158
3.929
4.811
5.054
5.315
5.837
6.436
6.819
1.174
7.814
8.123
8.252
8.365
8.870

10.361
10.773
11.295
11.330
11.601
11.290
11.835
12.088
12.721
13.410
14.211
14.689
14.991
14.652
15.055
15.523
15.789
16.355
16.657
17.046
17.563
18.036
18.640
19.268
19.594
19.469
19.252
19.087
19.468
19.914

Pressure

200.000
204.000
208.000
212.000
216.000
220.000
224.000
228.000
232.000
236.000
240.000
244.000
248.000
252.000
256.000
260.000
264.000
268.000
272.000
276.000
280.000
284.000
288.000
292.000
296.000
300.000
304.000
308.000
312.000
316.000
320.000
324,000
328.000
332.000
336.000
340.000

348.000
352.000
356.000
360.000
364.000
368.000
372.000
376.000
380.000
384,000
388.000
392.000
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Rate

20.279
20.673
21.218
21.324
21.767
22410
23.126
23.653
23.960
24227
24.572
25.040
25.364
25.339
25.424
25.631
20.107
26.556
26.983
27.252
27.57
27.969
28.442
28.947
29.290
29.642
30.129
30.614
31.093
31.467
31.661
31.795
31.836
31.987
32.289
32.535
32.709
32.778
32.667
32.706
33.063
33.476
34.037
34.559
34.809
35.058
35.306
35.554
35.854

Pressure

396.000
400.000
404.000
408.000
412.000
416.000
420.000
424.000
428.000
432.000
436.000
440.030
444.000
448.000
452.000
456.000
460.000
464.000
468.000
472.000
476.000
480.000
484.000
488.000
492.000
496.000
500.000
504.000
508.000
512.000
516.000
520.000
524.000
528.000
532.000
536.000
540.000
544.000
548.000
552.000
556.000
560.000
564.000
568.000
572.000
574.000
580.000
584.000
588.000

Rate

36.179
36.483
36.756
37.029
37.326
37.623
37.995
38.405
38.783
32.039
39.296
39.456
39.570
39.699
39.926
40.153
40.290
40.349
40.409
40.216
39.997
39.809
39.701
39.594
39.552
39.540
39.501
39.192
38.884
38.476
37.968
37.460
36.877
36.292
35.555
34,690
33.740
32.446
31.149
~9,707
<8.257
26.611
24,794
22,398
19.901
17.299
14,356
10.255

8.184




Table of Bum Rate Laws

RANGE

PLOW PHIGH COEF EXP CORR COEF
MPa MPa CM/S-MPa"EXP
30. 59. 326743E+00 785039 991744
59. 148, .288910E+00 806760 989202
148. 444, 281014E+00 813606 997024
40. 420, .300348E+00 801057 998757
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