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English summary

Two production mixes of M7 propellant for use in M72 —LAW have been tested in closed vessel
and calorimeter for determination of any differences with regard to energy content and burning
properties. In closed vessel three firings with loading density of 0.1, 0.15 and 0.2 g/cm® were
performed with both propellant mixes. This gave an Impetus of 1013.2 J/g for mix 285 and
1026.7 J/g for mix 458. Parr calorimeter measurements in oxygen atmosphere gave for mix 285
2035.8 cal/g and for mix 458 2055.6 cal/g. Both results indicate that mix 458 has slightly higher
energy content than mix 285.

Burning rate of both propellant mixes has been determined. The result shows no significant
differences for the two highest loading densities but the lowest loading density mix 285 shows a
slightly higher burn rate. For all firings the experimentally burn rate curves are best described by
a burn rate equation on the form r=a+bP".
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Sammendrag

To blandinger av M7 krutt til bruk i M72-LAW har veert testet i trykkbombe og kalorimeter for
bestemmelse av mulige forskjeller i energiinnhold og i brennhastighet. | trykkbombe ble det
gjennomfart tre fyringer for hvert av kruttene med ladetetthet p& 0.1, 0.15 og 0.2 g/cm®.
Resultatene ga en kruttkraft pa1013.2 J/g for miks 285 og 1026.7 J/g for miks 458. Parr
kalorimeter bestemmelsen ga miks 285 et energiinnhold pa 2035.8 cal/g og miks 485 2056.6 cal/g
ved forbrenning i oksygenatmosfare. Resultater som indikerer at miks 458 har et noe hgyere
energiinnhold enn miks 285.

Brennhastigheten for begge kruttmiksene har blitt bestemt. Resultatene viser at der er ingen
forskjell i brennhastighet for de to hgyeste ladetetthetene, mens det for den laveste ladetettheten
er observert en litt hgyere brennhastighet for miks 285 enn miks 458. For alle fyringene er den
oppnadde eksperimentelle brennhastighetskurven best beskrevet av en ligning pa formen r=a+bpP".
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1 Introduction

M7 a double base propellant is used in all versions of M72-LAW (Light Antiarmour Weapon).
M7 propellant is an old propellant composition that has been produced by different manufacturers
all over the world for decades. In Norway it was originally produced by Dyno Nobel ASA
Gullaug plant until the plant was closed down some years ago. The tested propellant has been
bought as a premix from a foreign supplier and extruded to propellant tubes at Nammo Raufoss.

We have received some tubes of M7 propellant from two different productions, mix 285 and mix
458 to be tested in closed vessel. By burning propellant in closed vessel properties as burning rate
and energy content in form of impetus can been determined. The experimentally determination of
the burn rate and impetus have been performed at room temperature according to STANAG 4115
(1). The Impetus has been determined by performing firings with three different loading densities.
In addition to the closed vessel firing both propellant mixes have been tested in a Parr
Calorimeter under oxygen atmosphere.

2 Experimental

2.1 Content

M7 propellant contains as main ingredients NC (Nitrocellulose) as binder and NG (Nitro-
glycerine) as plasticizer. In addition it contains EC (Ethyl Centralite) as stabilizer and Potassium
Perchlorate. The nominal content of M7 is: 59.15% NC (13.15 %N), 31.4 % NG, 1.0 % EC, 7.9
% Potassium Perchlorate and 0.58% Graphite added as surface coating (2, 3).

2.2 Dimensions

We did receive approximately 350 g of both M7 propellant mixes in form of tubes with outer
diameter of 5.9 mm and length of approximately 40 mm. Exact dimensions of the propellant tubes
are necessary to know if the burn rate shall be calculated. The tube length was measured by use of
a light microscope. Outer diameter was measured with a slide caliper while the inner diameter
was measured by use of measuring pins with 0.01 mm accuracy. All results are given in Table 3.1
-3.4

2.3 Closed Vessel

The pressure time curves were obtained by firing the propellant in a 700 cm?® closed vessel with
water jacket as shown in Figure 2.1. To ignite the propellant we used 1 g black powder in a
plastic bag and a brown-blue squib. A picture of the ignition unit is shown on the left side of
Figure 2.1 and the closed vessel is shown in the two other pictures.
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Figure 2.1 The left picture shows the igniter unit with 1g black powder and the next two
pictures show the 700 cm® Closed Vessel.

The pressure was measured with a Kistler 6215 pressure cell with serial number SN 1007776.
The pressure was registered every micro second and for each firing we collected 65 536 samples.

To be able to determine the impetus we carried out firings at three different loading densities (0.1,
0,15 and 0.2 g/cm?). All firings were performed at room temperature (21°C). The burn rate of the
propellants was calculated by use of a program developed at FFI (4).

2.4 Calorimeter

Both propellant mixes were tested in a Parr 6300 Calorimeter under oxygen atmosphere. The
results are given in 3.4.
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3 Results

3.1 Dimensions of tested tubes

3.1.1 M7 propellant mix 285

The original propellant tubes were much longer than the height of the closed vessel chamber.
Therefore the propellant that we received had been cut into tubes with length 40.4+0.7 mm by
Nammo so they could be filled into the closed vessel. Figure 3.1 gives a picture of some tubes
from mix 285.

1IN

M7 miks 285
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Figure 3.1 Picture of M7 propellant tubes from mix 285.

. Diameter | Average . Diameter | Average
Tube 8:Jatg:,ett§r Outer Diameter Pr:lfa]gettgr Inner Diameter Length
No. (mm) P bottom Outer (mm) P bottom Inner (mm)
(mm) (mm) (mm) (mm)
1 5.90 5.91 5.905 4.06 4.09 4.075 41.06
2 5.89 5.87 5.880 3.91 3.91 3.910 41.72
3 5.88 5.88 5.880 4.01 4.04 4.025 39.85
4 5.92 5.90 5.910 4.05 4.03 4.040 40.52
5 591 5.91 5.910 4.07 4.06 4.065 40.26
6 5.88 5.90 5.890 4.05 4.05 4.050 39.43
7 5.97 5.93 5.950 4.09 4.05 4.070 41.35
8 5.90 5.89 5.895 4.02 4.01 4.015 40.29
9 5.92 5.92 5.920 4.06 4.06 4.060 40.95
10 5.95 5.95 5.950 4.11 4.10 4.105 39.91
11 5.88 5.90 5.890 4.06 4.05 4.055 41.17
12 591 5.91 5.910 4.04 4.04 4.040 40.72
13 5.87 5.89 5.880 4.01 4.06 4.035 40.70
14 5.94 5.95 5.945 4.07 4.05 4.060 40.72
15 6.08 6.07 6.075 4.12 4.10 4.110 40.45
16 5.94 5.95 5.945 4.03 4.06 4.045 41.30
17 5.93 5.93 5.930 4.04 4.06 4.050 40.75
18 5.90 5.93 5.915 4.07 4.07 4.070 40.74
19 5.93 5.92 5.925 4.05 4.05 4.050 41.29
20 5.92 5.91 5.915 4.03 4.03 4.030 39.84
21 5.89 5.90 5.895 4.04 4.02 4.030 39.26
22 6.00 5.99 5.995 4.10 4.12 4.110 38.60
23 5.92 5.90 5.910 4.06 4.01 4.035 39.75
24 5.93 5.95 5.940 4.04 4.06 4.050 39.87
25 5.92 5.92 5.920 4.10 4.10 4.100 40.34
Average | 5.92+0.04 | 5.92+0.04 | 5.92+0.04 | 4.05+0.04 | 4.05+0.04 | 4.05+0.04 ] 40.43+0.74
Table 3.1  The Table shows measurements of the tube dimensions for M7propellant from mix 285.
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Average | Average
Tube Outer Inner Length WEB Vqur?e Weight Densitsy
No. Diameter | Diameter | (mm) (mm) (mm>) (9) (g/cm?)
(mm) (mm)
1 5.905 4.075 41.06 0.9150 588.97 0.9983 1.695
2 5.880 3.910 41.72 0.9850 631.95 0.9991 1.581
3 5.880 4.025 39.85 0.9275 575.06 0.9641 1.677
4 5.910 4.040 40.52 0.9350 592.14 0.9851 1.664
5 5.910 4.065 40.26 0.9225 581.93 0.9795 1.683
6 5.890 4.050 39.43 0.9200 566.40 0.9500 1.677
7 5.950 4.070 41.35 0.9400 611.77 1.0015 1.637
8 5.895 4.015 40.29 0.9400 589.55 0.9730 1.650
9 5.920 4.060 40.95 0.9300 597.02 0.9919 1.661
10 5.950 4.105 39.91 0.9225 581.50 0.9763 1.679
11 5.890 4.055 41.17 0.9175 590.08 0.9962 1.688
12 5.910 4.040 40.72 0.9350 595.06 1.0037 1.687
13 5.880 4.035 40.70 0.9225 584.75 0.9855 1.685
14 5.945 4.060 40.72 0.9425 603.15 1.0100 1.675
15 6.075 4.110 40.45 0.9825 635.82 1.0333 1.625
16 5.945 4.045 41.30 0.9500 615.69 1.0009 1.626
17 5.930 4.050 40.75 0.9400 600.49 0.9999 1.665
18 5.915 4.070 40.74 0.9225 589.46 0.9957 1.689
19 5.925 4.050 41.29 0.9375 606.53 1.0039 1.655
20 5.915 4.030 39.84 0.9425 586.58 0.9787 1.668
21 5.895 4.030 39.26 0.9325 570.75 0.9491 1.663
22 5.995 4.110 38.60 0.9425 577.46 0.9392 1.626
23 5.910 4.035 39.75 0.9375 582.15 0.9638 1.656
24 5.940 4.050 39.87 0.9450 591.24 0.9704 1.641
25 5.920 4.100 40.34 0.9100 577.78 0.9747 1.687
Average | 5.92+.04 | 4.05+.04 |40.43+.74|0.936+.018 | 592.9+17.2 | 0.9850+.0216 |1.662+.027
Table 3.2 The Table shows measured and calculated properties of M7 propellant tubes from

mix 285.

Table 3.1 gives measured dimensions for 25 tubes. Table 3.2 gives in addition the weight and
calculated web and density of each tube and the average values for all 25 tubes. The obtained
average values have been used for the calculations of the burning rate.

The obtained average density of 1.662 g/cm® is close to the theoretically calculated of 1.6779
glcm? given in (2).

3.1.2

M7 propellant mix 458

Figure 3.2 shows a picture of some of the received tubes from mix 458. Dimensions have been
measured with regard to inner and outer diameter and length. These results are given in Table 3.3.

10
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Figure 3.2 The picture shows some tubes from mix 458.
Diameter Diameter Average Diameter | Diameter A_verage
Tube Outer Diameter Inner Inner Diameter | Length
Outer
No. top (mm) bottom Outer top bottom Inner (mm)
(mm) (mm) (mm) (mm) (mm)
1 5.91 5.92 5.915 4.06 4.06 4.060 41.06
2 6.01 6.02 6.015 4.14 4.13 4.135 41.72
3 5.91 5.91 5.910 4.04 4.03 4.035 39.85
4 5.96 5.98 5.970 4.12 4.14 4.130 40.52
S 6.01 6.01 6.010 4.12 4.13 4.125 40.26
6 6.00 6.02 6.010 4.14 4.15 4.145 39.43
7 5.90 5.92 5.910 4.05 4.01 4.030 41.35
8 5.90 5.91 5.905 4.09 4.06 4.075 40.29
9 5.99 5.99 5.990 4.10 4.09 4.095 40.95
10 5.99 6.02 6.005 4.08 4.11 4.095 39.91
11 5.97 5.96 5.965 4.14 4.12 4.130 41.17
12 6.00 6.00 6.000 4.18 4.17 4.175 40.72
13 5.92 5.92 5.920 4.04 4.06 4.050 40.70
14 6.02 6.00 6.010 4.15 4.17 4.160 40.72
15 5.85 5.88 5.865 4.00 4.01 4.005 40.45
16 5.85 5.82 5.835 3.98 4.01 3.995 41.30
17 5.92 5.94 5.930 4.05 4.06 4.055 40.75
18 5.91 5.90 5.905 4.02 4.01 4.015 40.74
19 6.03 6.04 6.035 4.16 4.17 4.165 41.29
20 5.89 5.90 5.895 4.07 4.07 4.070 39.84
21 5.88 5.84 5.860 3.98 4.01 3.995 39.26
22 5.92 5.92 5.920 4.04 4.04 4.040 38.60
23 5.84 5.83 5.835 4.00 4.01 4.005 39.75
24 5.95 5.95 5.950 4.04 4.12 4.080 39.87
25 5.90 5.91 5.905 4.07 4.03 4.050 40.34
Average | 5.94+0.06 | 5.94+0.06 | 5.94+0.06 | 4.07+0.06 | 4.08+0.06 | 4.08+0.06 |40.43+0.74
Table 3.3  The Table shows outer and inner diameter and length of M7 propellant tubes from

mix 458.
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Average | Average
Tube Outer Inner Length WEB Volume Weight Density
No. | Diameter |Diameter| (mm) (mm) (mm?®) (9) (glem®)
(mm) (mm)
1 5.915 4.060 41.06 0.9275 596.71 1.0169 1.704
2 6.015 4.135 41.72 0.94 625.26 1.0241 1.638
3 5.910 4.035 39.85 0.9375 583.61 0.9729 1.667
4 5.970 4.130 40.52 0.92 591.42 0.9878 1.670
S 6.010 4.125 40.26 0.9425 604.09 1.0266 1.699
6 6.010 4.145 39.43 0.9325 586.51 1.0238 1.746
7 5.910 4.030 41.35 0.94 606.89 0.9671 1.594
8 5.905 4.075 40.29 0.915 577.92 0.9694 1.677
9 5.990 4.095 40.95 0.9475 614.65 0.9736 1.584
10 6.005 4.095 39.91 0.955 604.68 0.9980 1.650
11 5.965 4.130 41.17 0.9175 598.98 1.0110 1.688
12 6.000 4.175 40.72 0.9125 593.87 0.9870 1.662
13 5.920 4.050 40.7 0.935 595.97 0.9800 1.644
14 6.010 4.160 40.72 0.925 601.71 1.0110 1.680
15 5.865 4.005 40.45 0.93 583.23 0.9847 1.688
16 5.835 3.995 41.3 0.92 586.69 0.9625 1.641
17 5.930 4.055 40.75 0.9375 599.19 0.9678 1.615
18 5.905 4.015 40.74 0.945 599.91 1.0051 1.675
19 6.035 4.165 41.29 0.935 618.55 1.0277 1.661
20 5.895 4.070 39.84 0.9125 569.05 0.9824 1.726
21 5.860 3.995 39.26 0.9325 566.73 0.9746 1.720
22 5.920 4.040 38.6 0.94 567.67 0.9494 1.672
23 5.835 4.005 39.75 0.915 562.18 1.0056 1.789
24 5.950 4.080 39.87 0.935 587.33 1.0040 1.709
25 5.905 4.050 40.34 0.9275 585.07 0.9759 1.668
Average| 5.94+0.06 |4.08+0.06| 40.43+0.74 |0.93+0.01/592.32+16.16/0.9916+0.0227|1.675+0.045
Table 3.4  The Table shows the dimensions, web, weight and density for mix 458 M7 propellant

tubes.

In Table 3.4 are the measured inner and outer diameter, length and weight together with the
calculated web and density for 25 tubes from mix 458 given. Obtained average density 1.675
glcm® is close to the theoretically calculated of 1.6779 g/cm® given in (2) and slightly higher than
for mix 285.

12
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3.2 CVfirings

3.2.1 Mix 458
The received propellant was divided into three samples of different weight corresponding to
loading density of 0.1, 0.15 and 0.2 g/cm® to determine the impetus. All firings were performed at

21°C.

3.2.1.1 Load density 0.1 g/cm®
The first firing was performed with 70.11 g propellant. The pressure-time curve is shown in
Figure 3.3. The maximum pressure was registered at 1142.5 bars or at 1139 bars (Appendix A.1)

when automatic selected by the program used for burn rate calculations (4).

Pressure Time Curve for Firing CV-101 with 70.11 g M7 Propellant from Mix 458

—CV-101, 70.11 g M7- mix 458 P 1142.5 bars

1200
_—

f

1000
|

800

600 /'

400 /
200 J
50 000 60 000

0
10 000 20 000 30 000 40 000
Time (us)

Pressure (bars)

Figure 3.3 The Figure shows the pressure time curve for firing CV-101 with 70.11 g M7

propellant from mix 458.

3.2.1.2 Load density 0.15 g/cm®
The second firing with M7 propellant form mix 458 was performed with 105.15 g or a loading

density of 0.1502 g/cm?. Figure 3.4 shows the pressure-time curve with a maximum pressure of
1816 bars. The report in Appendix A.2 gives a maximum pressure of 1820 bars. The obtained

pressure — time curve is smooth with no spikes.
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Pre

ssure Time Curve for Firing CV-102 with 105.15 g M7 Propellant from Mix 458
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The Figure shows the pressure time curve for firing CV-102 with 105.15 g M7

propellant from mix 458.

3.2.1.3 Load density 0.20 g/cm?®
The last firing with M7 propellant from mix 458 was performed with 140.95 g or a loading

0.2014 g/cm®. The obtained maximum pressure given in Figure 3.5 of 2588 bars is

density of
Pressure Time Curve for Firing CV-103 with 140.95 g M7 Propellant from Mix 458
3000
——CV-103, 140.95 g M7 - Mix 458
P = 2588 bars
om—

2500

2000
= 2700 -
2 2660
® 1500 2620 —+ —
% 2580
o
g 2500
= 24000 25000 26000 27000 2800

500
0 T T T T T T
0 10 000 20 000 30 000 40 000 50 000 60 000
Time (us)

Figure 3.5 The Figure shows the pressure time curve for firing CV-103 with 140.85 g M7

propellant from mix 458.
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slightly lower than the pressure given in Appendix A.3 of 2603 bars. As seen from the pressure
time curve in Figure 3.5 there are some ringing in the pressure curve at the maximum pressure.
We did therefore select manually the average between maxima and minima of the ringing curve.

3.2.1.4 All firings with mix 458

Figure 3.6 shows all closed vessel firings with M7 propellant from mix 458. The drop in pressure
after the maximum pressure has been reached is equal for all firings showing that the closed
vessel has no leakage and that the drop in pressure is governed by cooling of the combustion

gasses.
Pressure Time Curves for Closed Vessel Firings with M7 Propellant Mix 458
3000
—CV-101, 70.11 gM7- mix 458
——CV-102,105.16 g M7 - mix 458
—CV-103, 140.95 g M7 - mix 458
2500
2000
n
= e
£ .' - 0
=3 |
£ 1500 T
= |
o |
7] |
- |
a } |
|
1000 f [
|
f
/
500 i
J/
0 " " " " "
0 10 000 20 000 30 000 40 000 50 000 60 000
Time (us)

Figure 3.6 The Figure shows the pressure time curves for the three close vessel firings with M7

propellant from mix 458.

3.2.2  Impetus and Co-volume

Necessary properties from the firings with M7 propellant from mix 458 to experimentally

determining the Impetus and co-volume are summarized in Table 3.5. These properties are found
by plotting maximum pressure divided by loading density as function of maximum pressure.

Pmax/Loading Density

Firing No | Weight | Loading Density | Maximum Pressure
(9) (g/cm?) (MPa) (MPa/g/cm?)

CVv-101 70.11 0.1002 114.25 1140.71

CV-102 105.16 0.1502 181.6 1208.82

CV-103 140.95 0.2014 258.8 1285.28

Table 3.5 The Table shows properties of the closed vessel firings with M7 propellant from mix

458 to experimentally determining the Impetus.
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Impetus and Co-volume for M7 Proplellant Mix458 at Room Temperature
] 4 Mix458 —Linezer (Mix 458)

1300 - y=0.9999x +1026.7

. ‘

IMPETUS = 1026.7 J/g

LERD 4 Co-volume =0.9999 cm?/g

1000 -
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500

800

0 50 100 150 200 250 300

Pressure (MPa)

Figure 3.7 The Figure shows the plot of Py./loading density as function of Py, for M7
propellant mix 458.

This is shown in Figure 3.7 for M7 propellant from mix 458. The straight line between these
experimentally determined points is drawn and the Impetus is given by interception of the Y-axis
and the co-volume as the gradient. For M7 propellant mix 458 we get an Impetus of 1026.7 J/g
and a co-volume of 0.9999 cm?%g.

3.23 Mix 285

3.2.3.1 Load density 0.1 g/cm®

Figure 3.8 shows the pressure time curve for CV-104 with 70.79 g M7 propellant from mix 285.
At the maximum pressure there is a smooth signal without any ringing with maximum pressure of
1147.5 bars. In Appendix A.4 the program used to calculate the burning rate selects a maximum
pressure of 1150bars.
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Pressure Time Curve for Firing CV-104 with 70.79 g M7 Propellant from Mix 285

——CV-104, 70.79 g M7 - mix 285
1200 ' £ mix P s 1147.5 bars

e
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300 /
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0 10 000 20 000 30 000 40 000 50 000 60 000
Time (us)
Figure 3.8 The Figure shows the pressure time curve for firing CV-104 with 70.79 g M7
propellant from mix 285.

Pressure (kbars)

3.2.3.2 Load density 0.15 g/cm®

Figure 3.9 shows the pressure time curve for CV-105 with 105.31 g M7 propellant from mix 285.
At the maximum pressure there is not a smooth signal but ringing and the selected maximum
pressure of 1816 bars is the average of the minimum and maximum of the signal. In Appendix
A.5 the program used to calculate the burning rate selects a maximum pressure of 1839 bars
which is too high.

Pressure Time Curve for Firing CV-105 with 105.31 g M7 Propellant from Mix 285
2000

——(CV-105,105.31 g M7 - mix 285 Pnay= 1816 bars
1800 AN

1600 {
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[ T TV
N / 1790 [.
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1770 . r . .
200 / 24 000 25 000 26 000 27 000 28 000
0 J
0 10 000 20 000 30 000 40 000 50 000 60 000
Time (Us)

Figure 3.9 The Figure shows the pressure time curve for firing CV-105 with 105.31 g M7
propellant from mix 285.
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3.2.3.3 Load density 0.20 g/cm?®

Figure 3.10 shows the pressure time curve for CV-106 with 140.11 g M7 propellant from mix
285. At the maximum pressure there is not a smooth signal but ringing and the selected maximum
pressure of 2575 bars is the average of the minimum and maximum of the signal. In Appendix
A.6 the program used to calculate the burning rate selects a maximum pressure of 2596 bars
which is too high. For this firing the closed vessel starts to leak after the propellant had burned.

Pressure Time Curve for Firing CV-106 with 140.11 g M7 Propellant from Mix285
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Figure 3.10 The Figure shows the pressure time curve for firing CV-106 with 140.11 g M7
propellant from mix 285.

3.2.3.4 All firings with mix 285

Figure 3.11 shows a plot of all firings with M7 mix 285 propellant. For the firings with the two
highest loading densities the pressure measurement shows signals that are disturbed by waves in
the closed vessel. In addition is the leakage clearly seen by that the drop in maximum pressure
for CV-106 is significantly faster than what is observed by only cooling of the combustion
products.
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Pressure Time Curves for Closed Vessel Firings with M7 Propellant from Mix 285
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Figure 3.11 The Figure shows the pressure time curves for all closed vessel firings with M7
propellant from mix 285.

3.2.4  Impetus and Co-volume for mix 285

Necessary properties from the firings with M7 propellant from mix 285 to experimentally
determining the Impetus and co-volume are summarized in Table 3.6. These properties are found
by plotting maximum pressure divided by loading density as function of maximum pressure.

Firing No | Weight | Loading Density | Maximum Pressure | Pmax/Loading Density
(9) (g/cm?) (MPa) (MPa/g/cm®)

CV-10 70.79 0.1011 114.75 1134.69

CV-10 105.31 0.1504 181.6 1207.10

CV-10 140.11 0.2002 257.5 1286.49

Table 3.6 The Table shows the necessary properties for experimentally determination of co-
volume and impetus for M7 propellant mix 285.

This is shown in Figure 3.12 for M7 propellant from mix 285. The straight line between these
experimentally determined points is drawn and the Impetus is given by interception of the Y-axis
and the co-volume as the gradient. For M7 propellant mix 285 we get an Impetus of 1013.2 J/g
and a co-volume of 1.063 cm®/g.
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Figure 3.12 The Figure shows the Impetus and co-volume for M7 propellant mix 285.

3.2.5

Comparison of pressure-time curves for the two mixes

3.2.5.1 Load density 0.1 g/cm?®

In Figure 3.13 is shown the pressure —time curves for CV-101 and CV-104 both with loading
density of 0.1 g/cm®. The Figure shows that there are only minor differences between these two
curves. CV-104 with propellant from mix 285 has a slightly faster pressure increase than CV-101.
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Figure 3.13 The Figure shows a comparison of the pressure time curves with loading density 0.1

g/cm? of M7 propellant from mix 285 and 458.
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3.2.5.2 Load density 0.15 g/cm?®

In Figure 3.14 is shown the pressure —time curves for CV-102 and CV-105 both with loading
density of 0.15 g/cm®. The Figure shows that there are no differences between these two curves
before the maximum pressure is reached. At the maximum pressure CV-102 with propellant from
mix 485 has a smooth curve while firing CV-105 has a ringing signal due to some waves in the
closed vessel.
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Figure 3.14 The Figure shows a comparison of the pressure time curves with loading density
0.15 g/cm® of M7 propellant from mix 285 and 458.

3.2.5.3 Load density 0.20 g/cm®

In Figure 3.15 the pressure —time curves is shown for CV-103 and CV-106 both with loading
density of 0.2 g/cm®. The Figure shows that there are no differences between these two curves
before the maximum pressure is reached. At the maximum pressure both CV-103 with propellant
from mix 485 and CV-106 with propellant from mix 285 has ringing signal due to some waves in
the closed vessel. For CV-106 there are waves of different frequencies.
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Figure 3.15 The Figure shows a comparison of the pressure time curves with loading density
0.20 g/cm® of M7 propellant from mix 285 and 458.

3.2.5.4 All firings with mix 285 and mix 458 M7 propellant

Figure 3.16 summarizing all closed vessel firings with both mix 285 and mix 458 M7 propellants.
Pressure Time Curves for all Closed Vessel Firings with M7 Propellants
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Figure 3.16 The Figure shows pressure time curves for all closed vessel firings with M7
propellant from mix 285 and mix 458.
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3.2.5.5 Comparing Impetus for M7 propellant mix 285 and mix 458

The maximum pressure divided by loading density as function of maximum pressure for both M7
mixes tested in this report is shown in fig. 3.17. The obtained Impetus for mix 458 of 1026.7 J/g
is 13.5 J higher than for mix 285. With regard to co-volume the propellant from mix 285 0.064
cm®/g has a higher co-volume than the propellant from mix 458.
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Figure 3.17 The Figure shows the plot of Pna/loading density as function of Py, for M7
propellant for mix 285 and mix 458.

Obtained results with regard to Impetus and Co-volume for tested mixes with M7 propellant are
of the same magnitude as obtained for earlier tested M7 propellant mixes (3, 5-6).

3.3 Burning rate

3.3.1 Mix 458

When we have the pressure-time data and in addition know the dimensions of the propellant
grains the burn rate of the propellant can be calculated. In our case we have tubes cut to a length
of ~ 40 mm. All dimensions of the M7 tubes have been measured and are given in 3.1. To
calculate the burn rate have a PC-program developed at FFI has been used (4).

3.3.1.1 CV-101 loading density 0.10 g/cm?®

In Appendix A.1.1 is given the properties and condition of the CV-101 used to calculate the burn
rate. Figure 3.18 gives the experimentally obtained burn rate curve when an averaging time of 80
s is used. In addition the figure shows the smoothed burn rate curve. Normally one wants to find
a burn rate equation which fit to the experimentally found burn rate curve. The burn rate can be
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described by different equations. From the program we use three different equations are obtained.
These are all given in Table 3.7 with accompanying constants, coefficients and exponents. In
addition the program performs the fit of the equations by either selecting constant pressure
intervals or given pressure intervals. This choice may for some propellants have influence on the
obtained equations. The increase in pressure depends on the burn rate and the loading density and
will therefore give different number of point in the calculations. In Figure 3.18 the experimentally
measured burn rate curve for firing CV-101 has been given together with the smoothed burn rate
curve. From the Figure 3.18 one can see that for the min part of the pressure range the burn rate
curve is close to a straight line. However for the first 100 bars the burn rate curve has a different
slope. The pressure range used for fitting of burn rate equations has therefore been split into two
pressure ranges. For this firing the first pressure range is from 25 to 90 bars the second from 90 to
800 bars. The burn rate calculation results for CV-101 are given in Appendix A.1.2. Table 3.7
summarizing the obtained constants, coefficients and exponents for the equation and conditions
we use in our fitting process.

16.0
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Figure 3.18 The Figure shows the burn rate curves for firing CV-101 with 75.11 g M7 propellant

from mix 458.
Firing Pressure Burn Rate equations calculated from given pressure intervals
No. interval r=a+hbP r =bP" r=a+bP"
(bars) a b b n a b n
CV-101 25-90 -0.1629 | 0.03185 | 0.01622 | 1.14241 | -0.2281 | 0.03742 | 0.9696
90-800 1.5915 | 0.01283 | 0.10674 | 0.69580 | 1.11404 | 0.02722 | 0.89141
Burn Rate equations calculated with constant pressure intervals
CV-101 25-90 -0.1509 | 0.03171 | 0.01687 | 1.13277 | -0.3774 | 0.05644 | 0.88786
90-800 1.6256 | 0.01276 | 0.09691 | 0.71236 | 1.3005 | 0.02016 | 0.93518
Table 3.7 The Table shows the calculated burn rate constants, coefficients and exponents for

different burn rate equations fitted the experimental burn rate curve for CV-101.
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Figure 3.19 and 3.20 give plots of the burn rate curves according to the burn rate equations in
Table 3.7 when respectively given and constant pressure intervals have been selected.

Experimental and Calculated Burn Rate Curves for CV-101 with M7 Mix 458 Propellant
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Figure 3.19 The Figure shows the experimental smoothed burn rate curve and the burn rate

curves calculated from equations determined by given pressure intervals for CV-101

with M7 mix 458 propellant.

16 Experimental and Calculated Burn Rate Curves for CV-101 with M7 Mix 458 Propellant
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Figure 3.20 The Figure shows the experimental smoothed burn rate curve and the burn rate

curves calculated from equations determined by constant pressure intervals for CV-

101 with M7 mix 458 propellant.
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From Figure 3.19 and 3.20 one will see that the equations calculated from constant pressure
intervals have best fit with the experimentally burn rate curve. And in addition that the equation

r= bP" has poorer fit than the equations r=a+bP and r=a+bP" to the experimentally burn rate

curve.

3.3.1.2 CV-102 loading density 0.15 g/cm®

Figure 3.21 shows the experimental burn rate curve for CV-102 obtained by the use of averaging

time of 53 us and the propellant properties given in Appendix A.2.1. In addition fig. 3.21 contains
the smoothed burn rate curve. Due to the change in slope of the burn rate curve the pressure range
used to calculate burn rate equations has been spit into two pressure ranges, 25-100 and 100-1200
bars. Table 3.8 gives the results for obtained burn rate equations with regard to constants,
coefficients and exponents.
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Figure 3.21 The Figure shows the burn rate curves for firing CV-102 with 105.16 g M7
propellant from mix 458.

Firing Pressure Burn Rate equations calculated from given pressure intervals
No. interval r = a+ bP r =bpP" r=a+bP"

(bars) a b b n a b n
CV-102 25-100 -0.4077 | 0.03178 | 0.00478 | 1.39832 | -0.1631 | 0.01193 | 1.2030
100-1200 | 1.6724 | 0.01263 | 0.08453 | 0.73771 | 1.00346 | 0.02867 | 0.88875

Burn Rate equations calculated with constant pressure intervals
CV-102 22-90 -0.3991 | 0.03174 | 0.00533 | 1.37145 | -0.3193 | 0.02294 | 1.06783
100-1200 | 1.7503 | 0.01251 | 0.07593 | 0.75521 | 1.0502 | 0.02697 | 0.89606

Table 3.8

The Table shows the calculated burn rate constants, coefficients and exponents for
different burn rate equations fitted the experimental burn rate curve for CV-102.
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For CV-102 the best fit to the experimentally burn rate curve for the calculated burn rate curves is
obtained with given pressure intervals and the equations, r=a+bP and r=a+bP".

Eperimental and Calculated Burn Rate Curves for CV-102 with M7 Mix 458 Propellant
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Figure 3.22 The Figure shows the experimental smoothed burn rate curve and the burn rate

curves calculated from equations determined by given pressure intervals for CV-102
with M7 mix 458 propellant.

Eperimental and Calculated Burn Rate Curves for CV-102 with M7 Mix 458 Propellant
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Figure 3.23 The Figure shows the experimental smoothed burn rate curve and the burn rate

curves calculated from equations determined by constant pressure intervals for CV-
102 with M7 mix 458 propellant.
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3.3.1.3 CV-103 loading density 0.20 g/cm?®

Figure 3.24 shows the experimentally burn rate curve for CV-103 obtained by use of averaging
time of 40 us and the propellant properties given in Appendix A.3.1. In addition Figure 3.2.4
contains the smoothed burn rate curve. Calculation of burn rate equations has been split into two
pressure ranges, 22-100 and 100-1750 bars. Table 3.9 gives the results for obtained burn rate
equations with regard to constants, coefficients and exponents.

Burn Rate Curves for Firing CV-103 with 140.95 g M7 Propellant Mix 458
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Figure 3.24 The Figure shows the burn rate curves for firing CV-103 with 140.95g M7
propellant from mix 458.

Firing Pressure Burn Rate equations calculated from given pressure intervals
No. interval r=a+bP r=bpP" r=a-+hbpP"
(bars) a b b n a b n
CV-103 22-100 -0.4555 | 0.03095 | 0.00241 | 1.54715 | -0.1822 | 0.00916 | 1.25466
100-1750 | 1.9644 | 0.01210 | 0.07730 | 0.75508 | 0.5893 | 0.04523 | 0.82692

Burn Rate equations calculated with constant pressure intervals

CV-103 22-100 -0.4473 | 0.03091 | 0.00296 | 1.49489 | -0.2684 | 0.01461 | 1.15545

100-1750 | 2.2381 | 0.01182 | 0.07131 | 0.76773 | 0.67143 | 0.04166 | 0.83806

Table 3.9  The Table shows the calculated burn rate constants, coefficients and exponents for
different burn rate equations fitted the experimental burn rate curve for CV-103.
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For CV-103 the equation with the best fit to the experimentally burn rate curve is obtained for the
equation r=a + bP" independent of the selected pressure intervals have been constant or given.
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Figure 3.25 The Figure shows the experimental smoothed burn rate curve and the burn rate
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curves calculated from equations determined by given pressure intervals for CV-103
with M7 mix 458 propellant.
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Figure 3.26 The Figure shows the experimental smoothed burn rate curve and the burn rate

curves calculated from equations determined by constant pressure intervals for CV-
103 with M7 mix 458 propellant.
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3.3.1.4 All firings with mix 458

Figure 3.27 shows smoothed experimentally calculated burn rate curves for the three CV-firings
with M7 propellant from mix 458. The three curves show that the burn rate is equal and
independent of loading density. Table 3.10 gives burn rate equations calculated from given
pressure ranges and Table 3.11 for pressure ranges with constant intervals.

Burn Rate Curves for Closed Vessel Firings with M7 Propellant Mix 458
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Figure 3.27 The Figure shows the burn rate curves for closed vessel firings with M7 propellant

from mix 458.
Firing Pressure Burn Rate equations calculated from given pressure intervals
No interval r=at+bP r = bpP" r=a+bpP"
' (bars) a b b n a b n
CV-101 25-90 -0.1629 | 0.03185 | 0.01622 | 1.14241 | -0.2281 | 0.03742 | 0.9696
90-800 1.5915 | 0.01283 | 0.10674 | 0.69580 | 1.11404 | 0.02722 | 0.89141
CV-102 25-100 -0.4077 | 0.03178 | 0.00478 | 1.39832 | -0.1631 | 0.01193 | 1.2030
100-1200 | 1.6724 | 0.01263 | 0.08453 | 0.73771 | 1.00346 | 0.02867 | 0.88875
CV-103 22-100 -0.4555 | 0.03095 | 0.00241 | 1.54715 | -0.1822 | 0.00916 | 1.25466
100-1750 | 1.9644 | 0.01210 | 0.07730 | 0.75508 | 0.5893 | 0.04523 | 0.82692

Table 3.10 Burn rate equations for different firings of M7 propellant mix 458, given pressure

intervals.
Firing Pressure Burn Rate equations calculated with constant pressure intervals
No. interval r=a+bP r=bpP" r=a+bpP"

(bars) a b b n a b n
CV-101 25-90 -0.1509 | 0.03171 | 0.01687 | 1.13277 | -0.3774 | 0.05644 | 0.88786
90-800 1.6256 | 0.01276 | 0.09691 | 0.71236 | 1.3005 | 0.02016 | 0.93518
CV-102 22-90 -0.3991 | 0.03174 | 0.00533 | 1.37145 | -0.3193 | 0.02294 | 1.06783
100-1200 | 1.7503 | 0.01251 | 0.07593 | 0.75521 | 1.0502 | 0.02697 | 0.89606
CV-103 22-100 -0.4473 | 0.03091 | 0.00296 | 1.49489 | -0.2684 | 0.01461 | 1.15545
100-1750 | 2.2381 | 0.01182 | 0.07131 | 0.76773 | 0.67143 | 0.04166 | 0.83806

Table 3.11 Burn rate equations for different firings of M7 propellant mix 458, constant pressure
intervals.
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3.3.2 Mix 285

3.3.2.1 CV-104 loading density 0.10 g/cm?®

Figure 3.28 shows the experimentally burn rate curve for CV-104 obtained by use of averaging
time of 79 us and the propellant properties given in Appendix A.4.1. Figure 3.2.8 in addition
contains the smoothed burn rate curve. Calculation of burn rate equations has been split into two
pressure ranges, 22-88 and 88-800 bars. Table 3.12 gives the results for obtained burn rate
equations with regard to constants, coefficients and exponents.

Burn Rate Curves for Firing CV-104 with 70.79 g M7 Mix 285 Propellant
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Figure 3.28 The Figure shows the burn rate curves for firing CV-104 with 70.79 g M7 propellant
from mix 285.

i Pressure Burn Rate equations calculated from given pressure intervals
Firing . n n
No interval r=a+hbP r=bP r=a+bP
' (bars) a b b n a b n
CV-104 22-88 -0.2517 | 0.03463 | 0.01175 | 1.23291 | -0.0756 | 0.01698 | 1.15266
80-800 1.6222 | 0.01316 | 0.11156 | 0.69274 | 0.9733 | 0.03474 | 0.86035
Burn Rate equations calculated with constant pressure intervals
CV-104 22-80 -0.2447 | 0.03458 | 0.01209 | 1.22594 | -0.2691 | 0.03501 | 1.00041
80-800 1.6806 | 0.01303 | 0.10257 | 0.70722 | 1.00835 | 0.03299 | 0.86791

Table 3.12 The Table shows the calculated burn rate constants, coefficients and exponents for
different burn rate equations fitted the experimental burn rate curve for CV-104.

Figure 3.29 shows plot of calculated burn rate curves from given pressure intervals in addition to
the experimental burn rate curve. Best fit is obtained for the equations r=a+bP and r=a+bP" and
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the last one is slightly better than the first one. Figure 3.30 gives the same curves when constant
pressure intervals have been used for the calculations. And as for the given pressure intervals the
best fit to the experimentally burn rate curve is obtained for the equation r=a+bP".

16Experimental and Calculated Burn Rate Curves for Firing CV-104 with M7 Mix 285 Propellant
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Figure 3.29 The Figure shows the experimental smoothed burn rate curve and the burn rate

curves calculated from equations determined by given pressure intervals for CV-104
with M7 mix 458 propellant.

16Experimental and Calculated Burn Rate Curves for Firing CV-104 with M7 Mix 285 Propellant
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Figure 3.30 The Figure shows the experimental smoothed burn rate curve and the burn rate

curves calculated from equations determined by constant pressure intervals for CV-
104 with M7 mix 458 propellant.
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3.3.2.2 CV-105 loading density 0.15 g/cm?®

Figure 3.31 shows the experimentally burn rate curve for CV-105 obtained by use of averaging
time of 53 ps and the propellant properties given in Appendix A.5.1. In addition contains Figure
3.31 the smoothed burn rate curve. Calculation of burn rate equations has been spitted into two
pressure ranges, 25-100 and 100-1200 bars. Table 3.13 gives the results for obtained burn rate
equations with regard to constants, coefficients and exponents.
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Figure 3.31 The Figure shows the burn rate curves for firing CV-105 with105.31 g M7

propellant from mix 285.

. Pressure Burn Rate equations calculated from given pressure intervals
Firing . n n
No interval r=a+hbP r=bP r=a+bhbP
' (bars) a b b n a b n
CV-105 22-90 -0.4251 | 0.03310 | 0.00330 | 1.50237 | -0.3401 | 0.02306 | 1.07774
90-1300 1.6948 | 0.01264 | 0.08328 | 0.74145 | 0.84740 | 0.03408 | 0.86480
Burn Rate equations calculated with constant pressure intervals
CV-105

22-90 -0.4037 | 0.03283 | 0.00431 | 1.43489 | -0.4844 | 0.03899 | 0.96856

90-1300 1.8206 | 0.01247 | 0.07510 | 0.75826 | 0.91034 | 0.03146 | 0.87606

Table 3.13 The Table shows the calculated burn rate constants, coefficients and exponents for

different burn rate equations fitted the experimental burn rate curve for CV-105.

Figure 3.32 and 3.33 shows the calculated burn rate curves for respectively given and constant
pressure intervals in addition to the experimentally smoothed burn rate curve. Best fit to the
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experimentally smoothed burn rate curve is obtained with for the calculated curves from equation
r=a+bP".

Experimental and Calculated Burn Rate Curves for Firing CV-105 with M7 Mix 285 Propellant
—RBP CV-105
—r = a+bP (22-90)
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Figure 3.32 The Figure shows the experimental smoothed burn rate curve and the burn rate

curves calculated from equations determined by given pressure intervals for CV-105
with M7 mix 285 propellant.

Experimental and Calculated Burn Rate Curves for Firing CV-105 with M7 Mix 285 Propellant

20.0
==—RBPCV-105 Constant Pressure Intervals
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Figure 3.33 The Figure shows the experimental smoothed burn rate curve and the burn rate

curves calculated from equations determined by constant pressure intervals for
CV-105 with M7 mix 258 propellant.
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3.3.2.3 CV-106 loading density 0.20 g/cm?®

Figure 3.34 shows the experimentally burn rate curve for CV-106 obtained by use of averaging
time of 40 ps and the propellant properties given in Appendix A.6.1. Figure 3.34 in addition
contains the smoothed burn rate curve. Calculation of burn rate equations has been split into two
pressure ranges, 24-100 and 100-1750 bars. Table 3.14 gives the results for obtained burn rate
equations with regard to constants, coefficients and exponents.
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Figure 3.34 The Figure shows the burn rate curves for firing CV-106 with140.11 g M7
propellant from mix 285.

i Pressure Burn Rate equations calculated from given pressure intervals
Firing . n n
No interval r=a+hbP r=bP r=a+bP
' (bars) a b b n a b n
CV-106 24-100 -0.3002 | 0.03166 | 0.00717 | 1.31732 | -0.4503 | 0.00451 | 0.93356
100-1750 | 2.1022 | 0.01203 | 0.08685 | 0.73868 | 1.05112 | 0.03287 | 0.86880
Burn Rate equations calculated with constant pressure intervals
CV-106 24-100 -0.2476 | 0.03096 | 0.00888 | 1.26486 | -0.7923 | 0.10206 | 0.77429
100-1750 | 2.3471 | 0.01179 | 0.07775 | 0.75600 | 0.93886 | 0.03687 | 0.85343

Table 3.14 The Table shows the calculated burn rate constants, coefficients and exponents for
different burn rate equations fitted the experimental burn rate curve for CV-1086.

Figure 3.35 and 3.36 shows the calculated burn rate curves for respectively given and constant
pressure intervals together with the smoothed experimentally burn rate curve.
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Best fit to the smoothed experimentally burn rate curve is obtained with the calculated curves
from equation r=a+bP".

Experimental and Calculated Burn Rate Curves for CV-106 with M7 Mix-285 Propellant
bs | PBCVA08 Given Pressure Intervals _~
——r=a+bP (24-100)

——r=bPn (24-100)
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Figure 3.35 The Figure shows the experimental smoothed burn rate curve and the burn rate

curves calculated from equations determined by given pressure intervals for CV-106
with M7 mix 285propellant.

Experimental and Calculated Burn Rate Curves for CV-106 with M7 Mix-285 Propellant
25 | At ! _ Constant Pressure Intervals
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Figure 3.36 The Figure shows the experimental smoothed burn rate curve and the burn rate

curves calculated from equations determined by constant pressure intervals for CV-
106 with M7 mix 285 propellant.
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3.3.2.4 All firings with M7 mix 285 Propellant

Figure 3.37 shows the smoothed experimentally obtained burn rate curves for the three different
loading densities tested for M7 propellant mix 285. All three curves give the same burn rate.

Burn Rate Curves for Closed Vessel Firings with M7 Propellant Mix 285
| =—RPB CV-106 mix 285
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RPB CV-104 mix 285
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Figure 3.37 The Figure shows the smoothed burn rate curves for closed vessel firings with M7
propellant from mix 285.

Table 3.15 and 3.16 summarizing the burn rate equations obtained from respectively given and

constant pressure intervals.

Firing Pressure Burn Rate equations calcula}ed from given pressure intenrvals
No interval r=a+bP r=bP r=a+bP
' (bars) a b b n a b n

CV-104 22-88 -0.2517 | 0.03463 | 0.01175 | 1.23291 | -0.0756 | 0.01698 | 1.15266
80-800 1.6222 | 0.01316 | 0.11156 | 0.69274 | 0.9733 | 0.03474 | 0.86035
CV-105 22-90 -0.4251 | 0.03310 | 0.00330 | 1.50237 | -0.3401 | 0.02306 | 1.07774
90-1300 1.6948 | 0.01264 | 0.08328 | 0.74145 | 0.84740 | 0.03408 | 0.86480
CV/-106 24-100 -0.3002 | 0.03166 | 0.00717 | 1.31732 | -0.4503 | 0.00451 | 0.93356
100-1750 | 2.1022 | 0.01203 | 0.08685 | 0.73868 | 1.05112 | 0.03287 | 0.86880

Table 3.15 Burn rate equations for the firings of M7 propellant mix 285 calculated with given
pressure intervals.

Firing Pressure Burn Rate equations calculat%d with constant pressure intnervals
No interval r=a+bP r=bP r=a+bP

' (bars) a b b n a b n
CV-104 22-80 -0.2447 | 0.03458 | 0.01209 | 1.22594 | -0.2691 | 0.03501 | 1.00041
80-800 1.6806 | 0.01303 | 0.10257 | 0.70722 | 1.00835 | 0.03299 | 0.86791
CV-105 22-90 -0.4037 | 0.03283 | 0.00431 | 1.43489 | -0.4844 | 0.03899 | 0.96856
90-1300 1.8206 | 0.01247 | 0.07510 | 0.75826 | 0.91034 | 0.03146 | 0.87606
CV-106 24-100 -0.2476 | 0.03096 | 0.00888 | 1.26486 | -0.7923 | 0.10206 | 0.77429
100-1750 | 2.3471 | 0.01179 | 0.07775 | 0.75600 | 0.93886 | 0.03687 | 0.85343

Table 3.16 Burn rate equations for different firings of M7 propellant calculated with constant
pressure intervals.
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3.3.3  Comparison between mix 285 and 458
3.3.3.1 Allfirings

In Figure 3.38 experimentally smoothed burn rate curves are given for all 6 CV-firings with M7
propellant performed in this report. Within the reproducibility of closed vessel firings the burn
rate curves for the two different propellant mixes are equal.

2 Burn Rate Curves for all Closed Vessel Firings with M7 Propellants
=——RPB CV-106 mix 285
=—RBP CV-105 mix 285
=== RPB CV-104 mix 285
=—RPB CV-103 mix 458
=—RPB CV-102 mix 458
20 | ——RPBCV-101mix 458

\

15

10

Burn Rate (cm/s)

0 500 1000 1500 2000 2500
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Figure 3.38 The Figure shows the burn rate curves for all firing with both mix 285 and 458 M7
propellant.

3.3.3.2 Loading density 0.10 g/cm?®

Figure 3.38 shows the smoothed experimental burn rate curves for firings with loading density

0.10 g/cm®. The burn rate for mix 285 is slightly higher than for mix 458 in the pressure range
100 to 800 bars.
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Burn Rate Curves for Closed Vessel Firings with M7 Propellants LD 0.10 g/cm?
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Figure 3.39 The Figure shows a comparison of the burn rate curves at loading density 0.1 g/cm?
for mix 285 and 458.

3.3.3.3 Loading density 0.15 g/cm?®

Figure 3.40 shows the smoothed experimentally burn rate curves for firings with loading density
0.15 g/cm®. The burn rate for mix 285 and mix 458 is identical for this loading density.

Burn Rate Curves for Closed Vessel Firings with M7 Propellants LD 0.15 g/cm?
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Figure 3.40 The Figure shows a comparison of the burn rate curves at loading density 0.15
g/cm® for mix 285 and 458.
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3.3.3.4 Loading density 0.20 g/cm?®

Figure 3.41 shows the smoothed experimental burn rate curves for firings with loading density
0.20 g/cm®. The burn rate for mix 285 and mix 458 are identical for this loading density. The

differences in burn rate curves is less than can be expected between duplicated firings with the
same mix.

Burn Rate Curves for Closed Vessel Firings with M7 Propellants LD 0.20 g/cm?
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) \

15
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Figure 3.41 The Figure shows a comparison of the burn rate curves at loading density 0.20
g/cm® for mix 285 and 458.

3.4 Calorimeter measurements

3.41 Mix 285

The M7 propellant mix 285 was tested in a Parr Calorimeter for determination of the energy
content when burned in oxygen atmosphere. Two samples of 0.5175 g and 0.4656 g were tested.
The result report for the tested samples is given in Figure 3.42 and 3.43. The obtained energy was
2037.80 cal/g and 2033.85 cal/g respectively. This gives an average energy of 2035.8 cal/g.
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6300 Calorimeter

Report
Sample ID: 285-1M7 Mode: Determination
Type: Final Date/Time: 07/03/12 08:11:55
Sample Weight: 0.5175 Method: Equilibrium
Spike Weight: 0.0000 Bomb ID: 1
Fuse 50.0000 EE Value: 940.0000
Acid: 8.0000 Sulfur: 0.0000
Jacket Temperature: 29.9892 Initial Temp.: 29.7731
Temperature Rise: 1.1836

Gross Heat: 2037.7952

callg

Run List Home

Figure 3.42 Calorimeter report for M7 mix 285 propellant tested in oxygen atmosphere.

' 6300 Calorimeter
{ - Report
-
Sample ID: 285-M72 Mode: Determination
Type: Final Date/Time: 07/03/12 08:33:16
Sample Weight: 0.4656 Method: Equilibrium
Spike Weight: 0.0000 Bomb ID: 1
Fuse: 50.0000 EE Value: 940.0000
Acid: 5.0000 Sulfur: 0.0000
Jacket Temperature: 30.0118 Initial Temp.: 29.7082
Temperature Rise: 1.0691
Gross Heat: 2033.8511
calig
Run List Home

Figure 3.43 Calorimeter report for M7 mix 285 propellant tested in oxygen atmosphere.

3.4.2 Mix 458

For mix 458 two samples of 0.5050 g and 0.4883 g were tested. The result reports are given in
Figure 3.44 and 3.45.The obtained energy for the two samples were2054.27 cal/g and 2056.88
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cal/g respectively, which gives an average energy of 2055.6 cal/g. Compared with the result for
mix 285 this result is 20 cal/g higher.

6300 Calorimeter
Report
Sample ID: 485-1M7 Mode: Determination
Type: Final Date/Time: 07/03/12 08:50:19
Sample Weight: 0.5050 Method: Equilibrium
Spike Weight: 0.0000 Bomb ID: 1
Fuse: 50.0000 EE Value: 940.0000
Acid: 8.0000 Sulfur: 0.0000
Jacket Temperature: 299984 Initial Temp.: 29.7553
Temperature Rise: 1.1653
Gross Heat: 2054 .2744
cal/g
Run List Home

Figure 3.44 Calorimeter report for M7 mix 458 propellant tested in oxygen atmosphere.

6300 Calorimeter

Report
Sample ID: 485-2M7 Mode: Determination
Type: Final Date/Time: 07/03/12 09:11:19
Sample Weight: 0.4883 Method: Equilibrium
Spike Weight: 0.0000 Bomb ID: 1
Fuse: 500000 EE Value: 940.0000
Acid: §.0000 Sulfur: 0.0000
Jacket Temperature: 29.9979 Initial Temp.: 29.7999
Temperature Rise: 1.1302

Gross Heat: 20568767

callg

‘Run List Home |

Figure 3.45 Calorimeter report for M7 mix 285 propellant tested in oxygen atmosphere.
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Appendix A Result forms — calculations of burning rate
equations

Al Cv-101

A.1.1 Result form for CV-101

In Figure A.1 is given the result form the firing with loading density 0.1002 g/cm? of M7
propellant from mix 458. It contains the firing conditions and the properties of the propellant used
in calculations of the burning rate.

e —
ormat  wiew Help

TR T R R T R R T T TR TR R R T R T R R R R T R T O TR RO RO T R

LR R R R R R TR S R R CLOSED WESSEL TEST LR R R R TR R R R TR SR S T
LR R T R R R R R SR R R R R R SR SR R R R R R S T Sl R T T Ll S T

Fyringsidentitet. ... . et = mo-101.asc
Fyringsdato. ..t i i i i inn s nnas = 19.6.12
Fors:kstemperatulr ..o e e ea.s = 21 gr
oo o o T = miks 458
Ladetetthet. .. ... ... ... .. = 0.1002 g/scm3
TEMNSAE S . o it e s i e e e e =1 g swvartkrutt
Kruttets tetthet. ..o e e v v e = 1.675% g,/ cm3
e T I = 1.000 Cm3/g
Kruttgeometri. . o e e e e e e e s = etthull
viterdiameter. . ... oo = 0.5940 <m
Innerdiameter. . o oo i e e e = 0.4080 cm
Lengde. s v v et e i i s s = 4,0430 <m
Kalibreringsfaktor............ = 500,00
Sam€1iﬂg5t1d .................. = 1 micsek
Midlingstid. ..o o = B0 micsek
Trykk-—tid-T11. .. ... iiiii i = pt-10l. pt
BrennhastighetsfiT............ = rp-10l.r
Dynamisk TiwlighetsTil.. ... ... = dl-101.d
Dyramisk TiwlighetsTil. (dlpld. .= dlp-101.d1
= T = 1139 har
pthar’ L omssek P omax d1 (1L Char*sek’
200 4,17 o1 0. 3883
300 3.49 0 0.4554
400 B. 76 0.3 0. 3802
500 85.02 0.4 0.3527
a00 G.30 0.5 0.3390
Fan 10,56 0.8 0.32986
BO0O 11. 64 0.7 0.3218
SO0 12.05 0.8 0.2995
R R R R R R o b e R R R R R R o o R R R R e ol b i R R R R R R e e

Figure A.1 The Figure shows the result form for firing CV-101 with M7 propellant from mix
458.
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A.1.2  Calculations of burn rate equations

The calculation of the burn rate equations have been split into two pressure ranges since there is a
break in the burn rate curve after 90 bars.
KEAIAAEAKAKAKAAEAAAAAAAAAAAAAAXAAAAAAAAAAAAAAAdAhkhhhhkhihhhihihiiiiiikkx

Give file name....... > rp-101.rpb

Choose a pressure range between Pmin and Pmax

Pmin:= 22

Pmax:= 1128

Give start pressure.................. > 25
Give Stop pressure.................. > 90

The result is now written on the file omr.dat
*hkkhkkkkhkhkkhkkkhkkkhkkkhkkkhkhkkkhkhkhkkhkhkkhkhkkhkhkkhhkkhhkkhkkkhkkhkhkhkhhkhkhkkihkkihkkihkkihkkihkkiikkk
By given pressure intervals are after the equation: r=a+b*p

a= -0.16294000 b=  0.03184952

By given pressure intervals are after the equation: r=b*p**n

b= 0.01622468 n=  1.14240800

By given pressure intervals are after the equation: r=a+b*p**n

a= -0.22811600 b=  0.03741659 n=  0.96957390

With constant pressure intervals are after the equation: r=a+b*p

a=  -0.15094470 b=  0.03170830

With constant pressure intervals are after the equation: r=b*p**n

b= 0.01687348 n=  1.13277200

With constant pressure intervals are after the equation: r=a+b*p**n

a= -0.37736170 b=  0.05644077 n=  0.88785730

Result files: al.dat, a2.dat, n1.dat, n2.dat, abc.dat and abc2.dat
KEAIXAARAAAAAAKR AR AKX AKX AR AR AAAA AR AXAAAAAAAAAA A dhAhhAhhhrihrihihiiiid
Give file name....... > rp-101.rpb

Choose a pressure range between Pmin and Pmax

Pmin= 22

Pmax= 1128

Give start pressure.................. > 90
Give stop pressure.........cccoee... > 800

The result is now written on the file omr.dat
*hhkkhkhkkhkkhkkhkkkihkkkihkkrkkhhkkhhkkhhkhhhkihkkhhkhhkkihkkihkihkkhhkhhkhikhkihkkihkkihkkihkihkiiikx
By given pressure intervals are after the equation: r=a+b*p

a= 159148200 b=  0.01282596

By given pressure intervals are after the equation: r=b*p**n

b= 0.10674100 n=  0.69580000

By given pressure intervals are after the equation: r=a+b*p**n
a= 111403700 b=  0.02722269 n=  0.89140960
With constant pressure intervals are after the equation: r=a+b*p
a=  1.62559300 b=  0.01275610

With constant pressure interval are after the equation: r=b*p**n
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b= 0.09690989 n=  0.71235540

With constant pressure intervals are after the equation: r=a+b*p**n
a=  1.30047400 b=  0.02016487 n=  0.93517700
Result files: al.dat, a2.dat, nl.dat, n2.dat, abc.dat and abc2.dat

kkhkkkkkhkhhkhkhkkkhkhhhkhkhkkhihhkikhkhkkhkhrhhkhkhkhhhhkhkhhrrikhhihhrikhkhhrrhhkhkhihihhiiiixikdx

A.2 CV-102

A.2.1 Result form

Figure A.2 gives the result form the firing with loading density 0.1502 g/cm? of M7 propellant
from mix 458. It contains the firing conditions and the properties of the propellant used in
calculations of the burning rate.

nak  Wiew Help
e R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
A R R R T OSED WESSEL TEST W e e e e e e e e i
e e R R R R R R R R R R R R R R R R R R R R R R R R R R R R R e e

Fvringsidentitet.............. = mo-102. asc

Fyvringsdato. . ... ... ... . ..., = 19.6.12

Forsskstemperatur............. = 21 gr

o ol I Y = miks 458

Ladetetthet. ..o e i oo i oo on = 0.15%02 gfcm3

JLIE=L 81 4 == -3 = 1 g swvartkrutt

Kruttets tetthet.............. = 1.675% gfcm3

e e T I 1 A = 1.000 cmi/fg

Kruttgeometri.. ...t i o e nnn = etthull

viterdiameter. ..o ... = 0.5240 cm

Innerdiameter. . ... . ... = 0.4080 cm

= o T s = 4.0430 cm

Kalibreringsfaktor............ = 500_00

S@m?]ingst1d .................. = 1 micsek

Midlingstid. ... . i = 53 micsek

Trvkk-tid-fi1................. = pt-10Z.pt

Erennhastighetsfil............ = r?—102.r

Dvhamisk Tiwlighetsfil........ = dl-102.d

Dyvnamisk Tiwvlighetsfil. (dlpl..= dlp-102.d]

1 =T = 1820 bar

plbar) ricmfsek P pmax d1 {1/ (bar¥*sek )
200 5.53 0.1 0.4278
400 &80 0.2 0. 3707
00 5.05% 0.3 0. 3377
00 9.33 0.4 0.3223
F00 10,58 0.5 0.3133
s00 11.82 0.& 03073
Q00 13.06 0.7 0.2987
1000 14 .27 0.8 0.2742
1100 15.43 0.9 02234
1200 1a.48
1300 17,30

b e e e ol il ol ol ol e ol e el e il e ol e e e ol e e (ol e e e e ol e e ol il e e e el e il e e e il ol ol e e (e e e e e Ll

Figure A.2 The Figure shows the result form for firing CV-102 with M7 propellant from mix
458.
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A.2.2  Calculations of urn rate equations

The calculation of the burn rate equations have been split into two pressure ranges since there is a
break in the burn rate curve after 100+20 bars.
KEAIAEAEAKAKAKAAEAAAAAAAAAAAAAAXAAAAAAAAAAAAAAAAAAAAAXkhErhAhhkhhhdhiiiiiiik

Give file name....... > rp-102.rpb

Choose a pressure range between Pmin and Pmax

Pmin= 21

Pmax= 1805

Give start pressure.................. > 25
Give Stop pressure.................. > 100

The result is now written on the file omr.dat
*hkkhkkhkhkkhkkhkkkhkkkhkkkhkkkhkkhkhkkhkhkhkkhkhkkhkhkkhkhkkhhkkhhkkhhkkhkkhhkkhkkhkkihkkhkhkkhkhkhhkkhhkhhkihkikhiikkx
By given pressure intervals are after the equation: r=a+b*p

a= -0.40771030 b=  0.03177809

By given pressure intervals are after the equation: r=b*p**n

b= 0.00477659 n=  1.39832300

By given pressure intervals are after the equation:  r=a+b*p**n

a= -0.16308410 b= 0.01192946 n=  1.20301500

With constant pressure intervals are after the equation: r=a+b*p

a= -0.39909580 b=  0.03173872

With constant pressure intervals are after the equation: r=b*p**n

b= 0.00533088 n=  1.37144800

With constant pressure intervals are after the equation: r=a+b*p**n

a= -0.31927670 b= 0.02293613 n=  1.06782900

Result files: al.dat, a2.dat, n1.dat, n2.dat, abc.dat and abc2.dat
KEAKRAAAAAAAAAAKR AR AKX AR AR AAAAAAAAAAAAXRAXRARAAAAAAhhAhhhhhihihhhiiiikx
Give file name....... > rp-102.rpb

Choose a pressure range between Pmin and Pmax

Pmin= 21

Pmax= 1805

Give start pressure.................. > 100
Give stop pressure.........cccoee... > 1200

The result is now written on the file omr.dat
*hhkkhkhkkhkkhkkhkkkihkkkihkkrkkhhkkhhkkhhkhhhkihkkhhkhhkkihkkihkihkkhhkhhkhikhkihkkihkkihkkihkihkiiikx
By given pressure intervals are after the equation: r=a+b*p

a=  1.67242900 b:=  0.01262971

By given pressure intervals are after the equation: r=b*p**n

b= 0.08452761 n=  0.73771130

By given pressure intervals are after the equation: r=a+b*p**n
a=  1.00345800 b=  0.02867016 n=  0.88746860
With constant pressure intervals are after the equation: r=a+b*p
a= 1.75027300 b=  0.01251806

With constant pressure interval are after the equation: r=b*p**n
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b= 0.07593104 n=  0.75520990

With constant pressure intervals are after the equation: r=a+b*p**n
a=  1.05016400 b=  0.02697108 n=  0.89605550
Result files: al.dat, a2.dat, nl.dat, n2.dat, abc.dat and abc2.dat

kkhkkkkkhkhhkhkhkkkhkhhhkhkhkkhhhikhkhkhkhihhhkhkkhhkhrhkhkhhirrhkkhhhrhhhkhirhhhkhhiiidhkhhiriihxihiikx

A.3 CV-103

A.3.1 Result form CV-103

Figure A.3 gives the result form the firing with loading density 0.2014 g/cm® of M7 propellant
from mix 458. It contains the firing conditions and the properties of the propellant used in
calculations of the burning rate.

nat  Wiew Help
e e e e e e e R e e e e e e e e e e e e e e e e e e e R e e e e e R R e e e e e e e e e
R R R R R R R R R T OSED WESSEL TEST R R R R e
e e e e T e e e R T T T T R e e e e T R R e R e e e T e e e R e e e e e e e e e e

Fvringsidentitet. ... ... = mo-103.ascC
Fvwringsdato. .. .. . oo . ..., = 19.6.12
Fors:kstemperatur............. = 21 gr <
o o o = miks 45%8
Ladetetthet. .. ..o i e i .. = 0.2014 g/cm3
TENNE AT S o e e e h e e e e e e e e =1 g swvartkrutt
Eruttets tetthet.............. = 1.&67% g/fcm3
Borwo TUM . e o o e e e e e e e e e e e e e e = 1.000 cm3/fqg
kruttgeometri. ... ... . ... ..., = etthull
Yiterdiameter. ... oo .. = 0.5240 cm
Innerdiameter. .. .. ... .. .. ..... = 0.4080 cm
Lengde. .o oLl e e = 4.0430 cm
Kalibreringsfaktor............ = 500,00
SamgWingst1d .................. = 1 micsek
Midlingstid. ... .. ... . ... ..... = 40 micsek
Trwkk-tid-Fi1. . ... ... ..., = pt 103 . pt
Erennhastighetsfil. . .......... = -103.r
Cywnamisk 1iwlighetsfiT........ = d -103.d
Ovnamisk TiwlighetsfFil. (dlp). .= dlp-103.d1
1 = = 2603 bar
pibard ricmfselk] oA pmax dl {1/ bar¥*sek)
500 6. 20 0.1 0.5140
00 9.47 0.2 0. 3391
B00 11.96 0.3 0. 3168
Q00 13.17 0.4 0. 3045
1100 15.49 0.5 0.2942
1200 1&6.60 0.& 0.288%
1400 15.76 o.7 0.2813
1500 19.81 0.5 00,2585
1700 21.71 o.9 0.2041
1900 22.97
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Figure A.3 The Figure shows the result form for firing CV-103 with M7 propellant from mix 458
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A.3.2  Calculations of burn rate equations

The calculation of the burn rate equations have been split into two pressure ranges since there is a
break in the burn rate curve after 100 bars.
KAEIAIAEAAKAKAAEAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAIAAhkArhhhhhkhihkhiiiiiixkx

Give file name....... > rp-103.rpb

Choose a pressure range between Pmin and Pmax

Pmin= 20

Pmax = 2579

Give start pressure.................. > 22
Give Stop pressure.................. > 100

The result is now written on the file omr.dat
*hkkhkkhkhkkhkkhkhkkhkhkkhkhkkhkhkkhkkkhkhkkhkhkhkkhkhkkhkhkkhhkkhhkkhkhkkikhkkhkkhkhhhkhkkhkkihkkihkkihkkihkkihkkihkkiikkh
By given pressure intervals are after the equation: r=a+b*p

a=  -0.45553880 b= 0.03095336

By given pressure intervals are after the equation: r=b*p**n

b= 0.00240754 n= 1.54715400

By given pressure intervals are after the equation: r=a+b*p**n

a= -0.18221550 b= 0.00915813 n=  1.25466200

With constant pressure intervals are after the equation: r=a+b*p

a=  -0.44725210 b=  0.03090996

With constant pressure intervals are after the equation: r=b*p**n

b= 0.00296439 n=  1.49488800

With constant pressure intervals are after the equation: r=a+b*p**n
a= -0.26835130 b= 0.01461424 n=  1.15544600

Result files: al.dat, a2.dat, n1.dat, n2.dat, abc.dat and abc2.dat
KEAIRAAAAAAAAKR AR AKX AR AR AR AAAAAAAAAAAAXAAXAhAhhhhihihihihihiiikh
Give file name....... > rp-103.rpb

Choose a pressure range between Pmin and Pmax

Pmin= 20

Pmax= 2579

Give start pressure.................. > 100
Give stop pressure.........cccoee... > 1750

The result is now written on the file omr.dat
*hhkkhkhkkhkkhkkhkkkihkkkihkkrkkhhkkhhkkhhkhhhkihkkhhkhhkkihkkihkihkkhhkhhkhikhkihkkihkkihkkihkihkiiikx
By given pressure intervals are after the equation: r=a+b*p

a= 196444300 b=  0.01210248

By given pressure intervals are after the equation: r=b*p**n

b= 0.07730529 n=  0.75508160

By given pressure intervals are after the equations r=a+b*p**n
a= 058933270 b= 0.04523258 n=  0.82691650
With constant pressure intervals are after the equation: r=a+b*p
a=  2.23809800 b=  0.01181933

With constant pressure interval are after the equation: r=b*p**n
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b= 0.07130960 n=  0.76772810

With constant pressure intervals are after the equation: r=a+b*p**n
a=  0.67142930 b= 0.04165520 n=  0.83805750
Result files: al.dat, a2.dat, nl.dat, n2.dat, abc.dat and abc2.dat

kkhkkkkkkhkhhkhkhkkkhkhhhkhkhkhhhikhkkhhhhhkhkhhhrrhkhhhrhkhkhkkhhhrhhhhirirhhhrihhhiiiiikd

A4 CV-104

A.4.1 Result form for CV-104

Figure A.4 gives the result form the firing with loading density 0.1504 g/cm? of M7 propellant
from mix 285. It contains the firing conditions and the properties of the propellant used in
calculations of the burning rate.

Yiew  Help

Rk o ol o o e T S 2 ek o o s e e ol e e e e ol e e e e e e e S e e ol e e e s ol e e e e e s e e e ol ol e e ol e S
ok o ol e e ol ol e e e s e s S e o e e e e ol e b e e s s s S S e i e ol ol e e e ol ol e ol e e e ol il e ol ol e i

Fyringsidentitet. .. ... ..... ... = mo-104 . asc

Fyringsdato. .. ... oo in o .. = 19.6.12

Fors:kstemperatur............. = 21 qgr C

[ I Y o = MIEKS 285

Ladetetthet. .. ... ... ... ...... = 0.1011 gfcm3

Tennsats. o . o o f e e e e e e e e e = 1 g swvartkrutt

Kruttets tetthet.............. = 1.662 gfcm3

Koo UM, L e e e e e e e e = 1.000 cm3/q

kruttgeometri.. .. ... ..., = etthull

Yitterdiameter. . ... ... = 0.5920 cm

Innerdiameter. . . .............. = 0.4050 cm

Lengde . . .. ... ... = 4.0430 cm

Ka11brer1ngsfaktor ............ = 500,00

Sam?11ngst1 .................. = 1 micsek

Midlingstid. . ... . .. = 79 micsek

Trywkk-tid-fi1. ... .. ... ....... = pt—104.pt

Erennhastighet=sfi1.._....__..... = -104 -

Dynamisk Tiwlighetsfi1........ = d -104.d

Dynamisk Tiwlighetsfil. (dlp)..= dlp-104._d1

1 = = 1150 bkar

plbar) ricm/Ssek P pmax dl1 {1/ (bar¥*sek)
200 4,30 0.1 0. 5987
300 5.63 0.2 0. 4443
400 5,95 Q.3 . 38BS
500 5.24 0.4 0. 3603
00 Q.54 0.5 0. 3444
Foo 1078 0. & 0. 3343
B00 11.87 0.7 0. 3250
Q00 12.35% 0.8 0. 3018

il ol e ol e s ol e ol ol e e e e e ol ol e el ol e e e e e ol ol s e e e e ol e e ol il e e e e vl ol e e e e e e ol il e el sl e

Figure A.4 The Figure shows the result form for firing CV-104 with M7 propellant from mix
285.
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A.4.2  Calculations of burn rate equations

The calculation of the burn rate equations have been split into two pressure ranges since there is a
break in the burn rate curve after 80 bars.

Give file name....... > rp-104.rpb

Choose a pressure range between Pmin and Pmax

Pmin= 21

Pmax= 1137

Give start pressure................. > 22
Give stop pressure................. >80

The result is now written on the file omr.dat
FhAAAAAAAAAAAAAAAKRAAAAAAAAAAAAhhhhhdhhhhhhhhhihihihihihihiiiixk
By given pressure intervals are after the equation: r=a+b*p

a=  -0.25168150 b= 0.03462546

By given pressure intervals are after the equation: r:= b*p**n

b= 0.01175179 n=  1.23290500

By given pressure intervals are after the equation: r=a+b*p**n

a=  -0.07550448 b=  0.01698388 n=  1.15266300

With constant pressure intervals are after the equation: r=a+b*p

a=  -0.24467860 b=  0.03457801

With constant pressure intervals are after the equation: r=b*p**n

b= 0.01208775 n=  1.22593600

With constant pressure intervals are after the equation: r=a+b*p**n

a=  -0.26914650 b=  0.03500557 n=  1.00040900

Result files: al.dat, a2.dat, n1.dat, n2.dat, abc.dat and abc2.dat
*hhkhkhkkhkkhkikkihkkihhkkihkkhhkkhhkkhhkhhhkihkkhhkkhhkkhhkihkihhkhhkhhkhikhkihkkihkkihkkihkkihkiiikiik
Give file name....... > rp-104.rpb

Choose a pressure range between Pmin and Pmax

Pmin= 21

Pmax= 1137

Give start pressure.................. >80
Give Stop pressure.................. > 800

The result is now written on the file omr.dat
*hkkhkkhkkhkkhkhkkhkhkkhkhkkhkhkkhkhhkhhhkhkkhkhkhkhkkhhkkhhkkikhkhhhhkkhhhhhkhkhkikhihkihihkihkihkhhiikkh
By given pressure intervals are after the equation: r=a+b*p

a=  1.62221400 b=  0.01315914

By given pressure intervals are after the equation: r=b*p**n

b= 0.11156130 n=  0.69273910

By given pressure intervals are after the equation: r=a+b*p**n
a= 097332850 b= 0.03473623 n=  0.86034550
With constant pressure intervals are after the equation: r=a+b*p
a= 1.68058000 b=  0.01303745

With constant pressure intervals are after the equation: r=b*p**n
b= 0.10256700 n=  0.70722120
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With constant pressure intervals are after the equation: r=a+b*p**n
a=  1.00834800 b=  0.03298597 n=  0.86791040
Result files: al.dat, a2.dat, nl.dat, n2.dat, abc.dat and abc2.dat

kkhkkkkkkhkhhkhkhkkkhkhkhhkhkhkkhkhhhkhkhkhkkhihhkhkhhkhhhkhkhkhrrikhhkhhihikhkkhhhihhkhiihhkhiiikx

A5 CV-105

A.5.1 Result form

Figure A.5 gives the result form the firing with loading density 0.1504 g/cm?® of M7 propellant
from mix 285. It contains the firing conditions and the properties of the propellant used in
calculations of the burning rate.

mat  Wiew Help
o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e T T e e e e T e e e e e e e e e e
TR R R R R R T OSED WESSEL TEST R RR R R
B D T 2k e 2 e e L a a

Fyringsidentitet.............. = mo-10%.asc

Fwringsdato. .. oot i i i d e e i e e e e e - = 19.&.12

Fors:kstemperatur. ... ... ...... = 21 gr <

o 8 e o = MIKS 285

Ladetetthet. .. ... .. ... = 0.15%04 gfcm3

LI E=-3= S o - = 1 g swvartkrutt

Kruttets tetthet.............. = 1.652 gfcm3

o T o = 1.000 cm3fSg

Kruttgeometri ... e e v i e e v = etthull

vrtrterdiameter., ... ... ..o ... = 0.5%3920 cm

Innerdiameter. . ... .. ... = 0.40%0 cm

Lengde . . ... e e = 4.0430 cm

Kalibreringsfaktor. ... ... ..... =  500.00

Samplingstid. . .. ... ... ..., = 1 micsek

Midlingstid....... .. .o .... = 53 micsek

Trwklk-tid-fi1. ... ... ..., = pt-10%.pt

Brennhastighetsfil......... ... = rp-105%.r

Dvramisk 1iwlighetsfi1...0.0.0. .. = d?—lDS.d

Dyrnamizsk Tiwlighet=fil. {dlpd..= dlp-10%.d1

1 1= = 15839 bar

pibard ricm/Ssek) P pmax dl {1/ bar*sek 2D
300 5.55% 0.1 0. 5899
400 .o o2 0. 3706
SO0 5.13 .3 0. 332
00 .42 0.4 0. 3230
S0 10,68 0.5 0.3127
B0 11.21 0.& 0. 3068
Q00 12.14 0.7 0.2975%
1000 14 . 3% 0.5 0.2723
1100 15.51 0.9 o.2211
1200 1. 57
1400 17,78
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Figure A.5 The Figure shows the result form for the CV-105 firing with M7 propellant from mix
285.
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A.5.2  Calculations of burn rate equations

The calculation of the burn rate equations have been split into two pressure ranges since there is a
break in the burn rate curve after 90 bars.
KEAIAAEAKAKAKAAEAAAAAAAAAAAAAAXAAAAAAAAAAAAAAAdAhkhhhhkhihhhihihiiiiiikkx

Give file name....... > rp-105.rpb

Choose a pressure range between Pmin and Pmax

Pmin= 21

Pmax= 1821

Give start pressure.................. > 22
Give Stop pressure.................. >90

The result is now written on the file omr.dat
*hkkhkkkkhkhkkhkkkhkhkkhkhkkhkkkhkkhkkhkkhhkhkkhkhkkikhkkhhkkhhkkikhkkhkkkhkkhkhhhkhkhkhkkihkkihkkihkkihkkihkkikkhhkkiikk
By given pressure intervals are after the equation: r=a+b*p

a= -0.42507950 b=  0.03310236

By given pressure intervals are after the equation: r=b*p**n

b= 0.00329989 n=  1.50236500

By given pressure intervals are after the equation: r=a+b*p**n

a= -0.34006360 b= 0.02306449 n=  1.07774100

With constant pressure intervals are after the equation: r=a+b*p

a= -0.40370830 b=  0.03283268

With constant pressure intervals are after the equation: r=b*p**n :

b= 0.00430851 n=  1.43488500

With constant pressure intervals are after the equation: r=a+b*p**n

a= -0.48444990 b=  0.03898544 n=  0.96855540

Result files: al.dat, a2.dat, n1.dat, n2.dat, abc.dat and abc2.dat
KEAKRAAAAAAKA AR AKR AKX AKX AR AR AAAAKAAAAKRAXRAXRAXR AR A XA RAhAhhhhihihiiiiiih
Give file name....... > rp-105.rpb

Choose a pressure range between Pmin and Pmax

Pmin= 21

Pmax= 1821

Give start pressure.................. > 90
Give stop pressure.........cccoee... > 1300

The result is now written on the file omr.dat
*hhkkhkhkkhkkhkkhkkkihkkkihkkrkkhhkkhhkkhhkhhhkihkkhhkhhkkihkkihkihkkhhkhhkhikhkihkkihkkihkkihkihkiiikx
By given pressure intervals are after the equation: r=a+b*p

a=  1.69479100 b=  0.01263897

By given pressure intervals are after the equation: r=b*p**n

b= 0.08327826 n=  0.74144570

By given pressure intervals are after the equation: r=a+b*p**n
a=  0.84739550 b= 0.03408365 n=  0.86479850
With constant pressure intervals are after the equation: r=a+b*p
a=  1.82067800 b=  0.01246840

With constant pressure intervals are after the equation: r=b*p**n
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b= 0.07509913 n=  0.75826140

With constant pressure intervals are after the equation: r=a+b*p**n
a=  0.91033920 b=  0.03145756 n=  0.87605770
Result files: al.dat, a2.dat, nl.dat, n2.dat, abc.dat and abc2.dat

kkhkhkkkkhkhhkhkhkkkhkhhhkhkhkhkhhikhkhkhkhrhhhkhkkhhhhhkhkhhrhkhkhhrrirhkhhhrikhkhkhihirhhkhiiiiixkiikx

A.6 CV-106

A.6.1 Result form

Figure A.6 gives the result form the firing with loading density 0.2002 g/cm? of M7 propellant
from mix 285. It contains the firing conditions and the properties of the propellant used in
calculations of the burning rate.

mak  Wiew Help
e it o e it ot i S ot e o e e e e e T T o e o e e e e e e T o o e o o e e e e e e e e
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Fyringsidentitet. ... ....... ... = mo-06.asc
Fyringsdato. .. ... = 19.6.12
Fors:kstemperatur............. = 21 gr
8 o T = MIKS 285%
Ladetetthet. .. .. ... . = 0.2002 gfcm3
LIC=1 81 gET= & of A =1 g swvartkrutt
Kruttets tetthet.............. = 1.662 gfcm3
(oo I = 1.000 cmifg
Kruttgeometri........ ... ... = etthull
YrLterdiameter. ... oL, = 0.5%920 cm
Innerdiameter. ... ... ........ = 0.4050 cm
Lengde. ..t o e e = 4.0430 cm
Kalibreringstaktor............ = 500,00
Sam?1ingst1d .................. = 1 micsek
Midldingstid. .. .. .. = 40 micsek
Trykk-tid-fil.... ... .......... = pt-06.pt
Brennhastighetsfil............ = r?—DB.r
Dynamisk Tiwldighetsfil. .. ... .. = dl-06.d
Dynamisk Tiwldighetsfil. (dlpl..= dlp-0&.d]
= = 2596 bar
plbar) ricm/sek’ oS pmax dl {1/ bar*sek )
500 83.26 0.1 0.5786
00 9. 54 0.2 0. 3412
B00 12.01 Q.3 0. 3165
Q00 13.24 0.4 0. 3044
1100 15.60 0.5 0.2946
1200 16.71 0.6 0.2870
1400 18.83 0.7 0.2805%
1500 12.8% 0.8 0.2632
1700 21.76 0.2 0.2164
1200 23.11
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Figure A.6 The Figure shows the result form for the CV-106 firing with M7 propellant from mix
285.
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A.6.2  Calculations of burn rate equations

The calculation of the burn rate equations have been split into two pressure ranges since there is a
break in the burn rate curve after 100 bars.
KEAIAAEAKAKAKAAEAAAAAAAAAAAAAAXAAAAAAAAAAAAAAAdAhkhhhhkhihhhihihiiiiiikkx

Give file name....... > rp-06.rpb

Choose a pressure range between Pmin and Pmax

Pmin= 22

Pmax= 2568

Give start pressure.................. > 24
Give Stop pressure.................. > 100

The result is now written on the file omr.dat
*hkkhkkhkkhkkhkkkhkkkhkhkkhkkkhkkkhkkhhkhkkhkhkkhkhkkhhkkikhkkihhkkhhkkhhkkhkhkkikkkhkkihkkhkhkkhkhkhkhhkkhhkhhkihkikhiikkx
By given pressure intervals are after the equation: r=a+b*p
a=-0.30021900 b=  0.03165704

By given pressure intervals are after the equation: r=b*p**n

b= 0.00717002 n=  1.31731700

By given pressure intervals are after the equation: r=a+b*p**n

a= -0.45032850 b= 0.04521231 n=  0.93355590

With constant pressure interval are after the equation: r=a+b*p

a= -0.24760880 b=  0.03095599

With constant pressure interval are after the equation: r=b*p**n

b= 0.00887916 n=  1.26486200

With constant pressure interval are after the equation: r=a+b*p**n

a= -0.79234830 b= 0.10206280 n=  0.77428880

Result files: al.dat, a2.dat, n1.dat, n2.dat, abc.dat and abc2.dat
KEAKRAAAAAAAAR AR AKX AR AR AR AAAAAAAAAAAAXRAXRARAAAAArAhhhhhihihihiihiikh
Give file name....... > rp-06.rpb

Choose a pressure range between Pmin and Pmax

Pmin= 22

Pmax= 2568

Give start pressure.................. > 100
Give stop pressure.........cccoee... > 1750

The result is now written on the file omr.dat
*hhkhkrkhkrkkhkhkhkkrkhkikhkrhkrhkkhhkkhikhikhrkhkhhkihkihkrhkkrhkkhhkkhhkhikhihkihkihkkihkkihkihiikikk
By given pressure intervals are after the equation: r=a+b*p

a=  2.10224200 b=  0.01203393

By given pressure intervals are after the equation: r=b*p**n

b= 0.08684871 n=  0.73868390

By given pressure intervals are after the equation: r=a+b*p**n
a=  1.05112100 b=  0.03286597 n=  0.86880030
With constant pressure intervals are after the equation: r=a+b*p
a=  2.34714500 b=  0.01178524

With constant pressure intervals are after the equation: r=b*p**n
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b= 0.07775114 n=  0.75599920

With constant pressure intervals are after the equation: r=a+b*p**n
a=  0.93885760 b= 0.03687302 n=  0.85342770
Result files: al.dat, a2.dat, nl.dat, n2.dat, abc.dat and abc2.dat

kkhkkkkkhkhhkhkhkkkhkhhhkhkhkhihrkhkhkhkkhkhrhkhkhkkhihrhhkhhhrrhhhhhiihhkhiiiikhhiiixii
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