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:f ABSTRACT

A continuous process for propellant production in the mod-
ernization program and the need for rapid ballistic assessment
of propellant prompted the US Army to authorize a three year
MMET--Rroject-5754186, acronym (AUTOCAP), to improve and automate
the current procedure for accepting propellant. A major sub-task
of this development program was the automation of the conven-
tional closed bombh. Steps taken to accomplish this sub-task
consisted of: (1) a review of all closed bomb data acquisition
and analysis procedures at military installations; and (2)
assessment of the ability of these closed bomb methods to pre-
dict actual gun performance.

| Towards this end, data from 14 special AUTOCAP single bhase
| M1l propellant lots was analyzed using the standard analysis

j specified in MIL-STD-286B, 801.1 i.e. Relative Quickness (RQ)

f and Relative Force (RF), as well as several new computerized

! techniques., RQ varied in these sgpecial lcots from 72 to 121%.

In this report the influence of numerical methods on data
is shown and comparisons are made between predicted and actual
ballistic behavior.

The study reflééééd in this report, covering work performed
between July 74 and July 75 indicates a need for (1) further
standardization of the c¢losed bomb data acquisition system in
line with modern technology: (2) new methods for analyzing the
closed bomb pressure signal for better correlation with ballis-
i tics; and (3) elimination of reference propellant firings in the
closed bomb. These needs were determined by the scrupulous
analyses of the closed bomb signal for batch produced propellant
lots whose baliistic results are readily available.

' It was concluded that the closed bomb test alone still
ﬁ appears inadequate for accurate charge weight determination at
single zones. Multiple zone assessments introduce further as
~ vet unsolvable complications.

J Follow on work during FY76 is being sponsored by MM&T
' Project 57€4302 and will be summarized in a future report.
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FORWARD

The ability of the closed bomb (CB) alone to reliably pre-
dict gun charge loading for specific zone firings, although often
claimed by its proponents, has never been proven and in fact is
considered by most knowledgeable ordnance people to be only a
gross indicator of propellant quality. In the continuous pro-
pellant production process at full production capacity, about
one-guarter million pounds of propellant will be produced in a
few days. It is highly desirable from the economic and logistics
standpoint to load this propellant into prop charges as soon as
possible after its production. This requires that lot charge
weight (CW) determination be accomplished without waiting a
month for the conduct of ballistic firings at an off-site proving
ground. Inasmuch as full scale gun firings can not be performed
at a production plant, the search for rapid on-site test devices
and methods to accomplish this CW determination included a re-
evaluation of the closed bomb. Although the closed bomb's
pressure—-time trace is quite different from that of the actual
gun or howitzer (because of its lower loading density and lack of
volume increase) the closed bomb does represent the only dynamic
laboratory performance indicator available and as such merited
a2 study to definitively establish its limitations and maximize
its full potential.

Previously the CB has been used for propellant acceptance
only during emergcncies and then only to verify that set charge
weights in the low accuracy 4.2 mortar were not compromised by a
particular lot of propellant. Efforts on other artillery
systems requiring precise charge weight determinations always
met with mixed success (References 1, 2). The CB pressure
trace is universally used for deriving burning rate as an
input to interior ballistics calculations (References 3, 4).
However, here too, ignorance of instantaneous burning surface
area forces assumptions of ideality which depart from real
gun conditions.

In view of its long history, and prompted by the need for
a rapid propellant acceptance technique, the Modernization Office
for Product Assurance at Picatinny Arsenal inquired into the
hardware and computer software associated with the closed bomb
at military installations. The principal effort of this study
addresses the data acquisition process and suggests new methods
for data analysis. A subsequent report will expand this bas.
study and place it in perspective with concurrent effort beij
expended on ballistic simulators (dynagun, scalar gun), prop
lant ignition (partial burner), and burning rate (high pressu.
acoustic burner).

To address the problem experimentally, fourteen small lots
of single base Ml propellant for the 155mm, M4A2Z charge were man-
ufactured to out-of-specification tolerances on moisture, potas-
sium sulfate, and geometry, with ballistic firings (four at zone

-

/7 in Mi26 weapon, and four at zone 5). Parallel closed bomb
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firings were conducted at Radford (six at O.2q/cm3 loading den-
sity) and at Picatinny Arsenal (Ballistics and Combustion Re-
search Branch) (References 5, 6, 7).

The past production history of M1 propellant and the statis-
tical linking of chemistry and geometry variations with proving
ground results are not the subject of this report. Nor is the
intent of this report to describe ways of mathematically extrac-
ting burn rate information from the closed homb.

This compilation and study are offcered at this point in time
to interested personnel as a basis for reassessing methods of
deta acquisition and analysis and future standardization of
closed bomb procedures, and hardware and/or software in line with
modern technology. Should a change he made, some form of math-
ematical transfer function should be generated that can relate
past closed bombh data to the new system to the best degree pos-
sible,

It is a pleasure to acknowledge the cooperation of person-
nel at Badger AAP, Ballistic Rescarch Laboratoryv, Indiana MAAP,
Radford AAP, Naval Ordnance Statior, and Picatinny Arsenal in
supplying operating information and various data. The author
assumes responsibility if any acquired information appears mis-
represented.
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INTRODUCTION
The object of this report is two-fold:

1. To describe closzd bomb hardware and operating
procedures at various installations with emphasis
on the methods of data acquisition and analysis
presently employed. (This summary is considered
necessary in view of the divergencies in data
zecquisition and analysis over past years.)

2. To offer new approaches to analyzing CB aata and
verify the potential improvement by relating to
gun firing data from the AUTOCAP program.

The closed bomb is a heavy metal walled, constant volume
chamber, with a 200 cm? (12.2 in3) volume used for small gran-
ulation., Forty grams of propellant are ordinarily used thereby
resulting in a 0.2g/cm3 loading density. Higher charge weight
would tend to overpressure the vessel. The peak pressure nor-
mally attained is from 28,000 to 35,000 psi (depending on pro-
pellant chemistry and geometry). This pressure is in the range
attained by zone 7, 155mm howitzer firings. (If loading densi-
ties were used in the CB equal to that of the gun, peak closed
bomb pressure would exceed 80 kpsi due to non-expanding nature of
the CB.)

It is evident that the closed bomb is not expected to pre-~
dict charge loading for artillery. History is evidence to this.
The lower loading density and constant volume combustion process
i give a pressure trace quite different from that of the gun (part-

E icularly after early stages of ignition). Furthermore, charge
‘ determination for various zones generally follows a parabolin
! function for howitzers (Reference 8). How the closed bomb ¢ uld

determine several loading zone increments when it is only fired
at a singe charge density is not easily answered. Even with gun
firings, assessments are made at each zone due to errors which

~ . have been observed when attempts were made to predict lower zonz
weights from high zone firings and vice-versa.

At this time there are three types of devices addressing
dynamic propeilant behavior:

4 (1) Clnsed bombs.
(2) Simulators - These are meore complex in design than
the " as they allow a variable volume (not vented vessel) and

appru.ch the actual gun pressure cugcve more closely,

(3) hctual guns or howitzers.
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A fourth indirect method which addresses propellant verfor-
mance is state-of-the-art interxiocr ballistics programs., They are
now available and are being refined that calculate muzzle velo-
city from basic physics and propellant properties to abcut 18%.

There is a proposal to use the actual weapon with a fran-
gible round (plastic shell with high density metal powder to
attain same weight as the actual shell) at the production site.
However, this requires a gun crew, is not a small laboratory de-
vice, and only chamber pressure data is attained with no muzzle

r +1elocity data.

A simulator or test device canncc duplicate important
factors of heat loss into the metal walls, engraving, shell
resistance, the ignition system, prop kag configuration, grain
motion and compaction for high density loading. However, the
intent of a test device is not meant to, and cannot address
¢irectly all these gun factors. It is reasonable only to expect
that it assess the contribution of propellant itself to ballis-

: tic performance, though this statement needs clarification. How-
ever, if efforts show that these factors are the actual demise of
any simulator, then the status quo of gun firings remaing. In
the reality of gun firings, temperature conditions and the gun
introduce a bias in velocity as is evidenced by the common
practice of adjusting muzzle velocities according to the mean of
the reference propellant gqun firings. It is eventually the gun

g which is the integrator of influencing factors showing fluctua-~

R U

tions through pressure and velocity standard deviation.

The 14 special lots studied and the associated howitzer fir-
ings are tabulat=d below:

Off-Spec Loks Closed Bomb Firings (RAD) Ballistic Firings
J P J P (Same as closed
K Q K Q bomb except lot
L R L R LL was not fired
M S J L S by itself).
N T J KL T
LL U M U
# v N '/
' W J KLL W
LL

The FQ ranged from 72 to 12i%, with Radford lot 68308 for

o the P A2 charge as reference. A critique is made of the current
closed bomb havrdware and numerical methods employed. A total of
150 closed bomb pressure records from Radford and 39 fror
Picatinny Arsenal were analyzed, with correlation with ballistic
firings. An attempt was made to see if current methods of taking
the pressure trace and numerical methods do not introduce sources
of error into this basic data acguisition.
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Variations arise from: (*) (References 9, 10)
1. Instrumentation (e.qg. filters, transducers)
2, Ignition variations
3. Numerical procedures
4, Propellant heterogenity (if present)
d Benefits offered by this work are:
1. Revision of MIL-STD-286B Method 801.1 on closed bomb
for hardware standardization consistent with modern technology,
and for consistent numerical methods and analysis of the pres-

sure signal.

2. Creation of new methods for using closed bomb data to
provide a better correlation with gun ballistics.

3. Use of an absolu 2 closed bomb data source withouvt re-
course to duplicate fi. ‘ngs cof reference propellant.

‘ *The Round Robin among Badger, Indiana, Radford and Sun-
flower in 1956 experienced RQ variations possibly due to in-
strumentation.

Carefully planned and controlled firings of specially
manufactured propellant were conducted at 4 closed vessel in-
stallations in the U.K. in 1962. Results were rather disap-
pointing as they disclosed appreciable differences in the
measurements made by different installations, and to slightly
lesser degree in measurements at each installations at differ-
ent times. All installations used the same recorder, transducer,
l and vessel design. Readings were made of maximum pressure and of

dp/dt at 9, 10, 11 tons/in<4. The charge was 140 grams in a
700cc nominal vessel with a 20 grain (1.3 gram) ignitor of gun-
powder Gl2.
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LIST OF ABBREVIATIONS AND SYMBOLS

AF ~ absolute force (peak closed bomb pressure)
AQ -~ absolute quickness (measure of average <dp/dt
for test propellant)

AUTOCAP - automated continuous acreplance of propsllant
CB - closed bomb

CBI - clean burning ignitor

CwW - propellant charge weight

DBP - dibutylphthalate

DNT - dinitrotocluene

DPA - diphenylamine

DP /DT - time derivative of pressure

g - g-ans

KPSI - thousands of pounds per square inch

ms - miliisecond

NC -~ nitrocellulose

P - pressura

PA ~ Picatinny Arsenal

pp - peak pressure

RAD ~ Radford AAP

RC ~ resistor, capacitor

RF ~ relative force (related to peak pressure)
RQ - relative quickness (related to closed bomb dp/dt)
REF ~ propallant from a reference lot

RQA - relative quickness with averaged veferences
RS - residual solvents

v - total volatiles = RS + H50

TEST - propellant from lot to be tested

B = 1- = 1~ {AT)/ (RCY)

5 - microsecond
AT - time sarpling interval
9 C - nine point least squares cubic fit
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I. CLOSED BCMB DATA ACQUISITION SYSTEMS
A. Radford Army Ammunition Plant:

A.l1 C) -ed Pomb and Circuitry

Nom: 200 {actually 192 cm3), 700 and 2400 cm3 bombs are
located ¢« .+ »y side in the bay area and are inclined about 15
degrees 1 ise of operation. An external jacket provides water
cooling. ‘.1 3e are shown in Figure 1. Different sizes are used
to accomcdiur  propellunt of wvarious webs (or size) to permit a
sufficiert - nber of grains in each firing. The 209 and 700 bomb
(brawing No  0224-0110729-T10703--5/64) are constructed with an
integral on o>iece design shown in Figure 2.

THERMOCOUPLE
..__._...____.__s [ e )
’ >« PRESSURE GAGE
NN
N T ;
6" L 1L.75+4.002" [
| nd — i
| A
N § : | =VENT
. _ﬂ,_A”“_m__m_44ASBESTOS-GREASE:
e B _,i

Figure 2 Closed Bomb Design

For a right cylinder, these volumes are attained with a
cylinder length L:

3

cm I.D. L Preopellant Web A 3

200 1,75" 5.1"% up to 0.06" 260 9.08" 13.83"

700 1.75" 17.8 0.06 to 0,1" 700 21.8" 26.55"
2400 3.5 15.2 0.1 and up

An asbestos grease of low hygroscopic composition packs the
front end of the pressure gage, and is periodically replaced,
Firings are conducted for thermocouple readings of 90 + 2 ¥,

For ignition 0.1 gram of guncotton {less than one cubiC inch)
is wrapped with a nichrome wire attached tc the breech
electrodes. Clean burning ignitor (CBI, almost pure granulair
nitrocellulose; one gram for the 200 cm3; 5 for the 706; and

f~r
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15 for the 2400) is poured into a long scoop (resembling a can
cut in half along its longitudinal axis) with most of the CBI
at the back of the scoop for location at the bomb ertrance.
Test preopellant is then poured uniformly along the scoop, and
the scoop inserted into the bomb and inverted.

The gage is non-commercial with four x-cut quartz crystals
and five steel plates. The essential features are shown in

Figure 3.
HARDENED STEEL
/ HEMI SPHERE
—— SPRINGS
) FEEE \\\\\t!_ GLASS INSULATOR
T {‘—“""‘— D-\_\\\_i:;\lv1 ELECTRICAL CONDUGTORS
(+)
AU N B
— QUARTZ CRYSTALS
AN
l = \\ 1 PLASTIC INSULATOR
BRONOOSNNNNNY
l ——— STEEL JACKET
~— BASE PLUG
PRESSURE

Figure 3 Radford Closed Bomb Pressure Gage

Gages are kept in a 90°F oven when not in use to prevent
moisture accumulation. The gage is calibrated by deflection
of a ballistic galvanometer when a dead weight load producing
3¢ kpsi is suddenly released, indicating a charge Q developed:

P = F/A = KQ/A F = KQ

Then a capacitor C charged to voltage V is similarly dis-
charged through the galvanometer to determine the constant K:

CVv = Q When Q is equal: K = F/{CV).

The essential features of the electrical circuitry for data gen-
eration and transmission are in Figqure 4.
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J -] 6AU6
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PRESSURE .
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— ) NORMAL ) ] CONV
‘|’ + W
dp/dt I-7 8-
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SCUPE TRACE
\_V__A__v__A A AL J
Y v \'4

CLOSED SEVERAL
B80OHB YARDS
ROOM CABLE

ADJOINING lP(l?;lerHENT ROOM ABOUT 150 YARDS COMPUTER ROOM
L

Figure 4 Radford Closed Bomb Data System

An instrument panel houses an especially built oscilloscope
Model H-591 (in use since 1962), the decade resistance and cap-
acitance boxes, DC amplifiers for the scope, camera, and
calibration circuit relays. C,, across which pressure is mon-
itored, is available in 0.01 and 0.00]1 4 f decade steps in
parallel; R, across which dp/dt is monitored, has 1, 10, and 100
K -n- decade steps in series; Cy, the hash capacitance, is in
0.001 . £ steps, and is usually set at 0.01.«f. This panel is
pictured in Figure 5.

The circuitry patterns MIL-STD 286B (1 Dec. 1967).

A revised section of 30 June 1571 mentions charge ampli-
fier, but none is employed. (A new panel presently beinrg
constructed replaces the cathode follower with a solid
state device).

The pressure signal is conveyed by a short open wire system and
then cable to an adjoining room where the RC network and oscill-
oscope are located. Just before firings, step calibration sig-
nals of nine discrete voltage levels from (U to 2 volts in 0.25
volt increments are impressed across Cy in about 2 seconds by a
switching relay. The square bracket in Figure 4 shows the line
interruption point for this transmission. This transmission
produces calibration lines on the peclarcid for IBL (Interior
Ballistic Lab), and hexadecimal stored voltage values on the IBM
disc.

The cathode follower acts as impedance match, and the com-
plete RC network is left in-line du 'ing generation of the pres-
sure signal which is transmitted over about 125 yards of cable
over poles carrying power lines. As the voltage varies from
0 to 2 volts, the follower output at the receiving end varies
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from about 1 to ~-0.2 volts. The signal is transmitted through
a shielded twisted pair line, with the shield grounded at IBL
end and open at the SY37 end. The A/D converter has 14 bit
resolution with a possible 50 48 sample time at high level.

Table 1 lists RC (resistor-capacitor) values used at Rad-
ford for various propellants, along with lozding parameters.
To obtain an indication of purity of signal transmission, a
1 Kd, square wave was connected into the panel by disconnecting
the pressure gage leads. The cutput was monitored by a scope
at the computer rcom just before entering the A/D converter
(disconnected). Qualitatively,; the results showed some signal
distortion, and large 60 cycle hum, Three sets of RC settiugs
were tried.

losc [} ap 1M
o [ [ ]

VKHZ

o

Cy («f) Cy () R (k) Transmitted Signal
A 0.069 0.01 93 L e /’\J/
B 0.029 0.01 93 e ]J/—] l Rlde.; on 60
0.029 0.001 93 /\,/\/ cycle hum.

To find the influence of components other than the RC net-
work, the circuit was simulated on a Super-Sceptre computer
program with the circuit: (Reference 11 gives a closed form

analysis for a similar circuit).

9]
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Table 1 RC Values in Radforxrd (Closed Bomb Data System

»
5 Computerjzed Clogzed Bomb
{
| Bomb loading
; Propellant and Charge Capacitance Hash Registance Size Density Web
]
! Cx [af] h [wf] R [kilohm) tem3]  [g/emd) (in]
.3 7
3 ML MP 105nm M67 0.070 0.010 70. 200 0.2 0.025
4 ML MP 155mm M&x2 0.069 0.010 53, 200 0.2 0.038
e Ml SP 105mm ME7 0.070 0,010 i5. 200 0.2 0.013
"l SP 15 im M3AL . 0.07Y 0.010 0. 260 6.2 0.016
4 "’3‘6“1‘65_' MASY, WISGAT 5.030 7.010 T TR T T T oL YT LKA
. M30 105mm M490, M456AL 0.080 0.010 65, 0.2
M30 105mm M490, MAS6AL 0.032 9.010 550 . 700 0.10
M30 105mm M392A2 0.080 0.010 85, 200 ¢.2 0.046
#M30 105nun XM724 0.078 0.010 55, 200 0.2 0.030
BS-NACO 8™ 55 Caus. 0.065 0.0i0 100 760 0.2 0.08¢
CBI, Type II u.021% ¢.010 150, 200 6.075
M181 0.021 0.010 185. 200 0.062
M182 0.021 0.010 185. 200 0.062
M1Al 0.024 0.010 142, 200 0.085
M2AL 0.030 6.010 58. 200 0.085
M26Al1 F/4.2 0.032 0.010 150. 2400 0.08%6
M30Al F/8" XM188 0.078 0.010 190. 700 0.2 0.086
MI0 BTam M309 6.0F0 0.01% Z5. 200 0.7
M26 )O06mm M344AL 0.024 0.010 710. 700 0.079 0.039
M26El (T28El) F/152mm XM189 G.024 0.010 999 ., 700 n.079 0.038
M30 F/76mm M339 0.080 0.010 102, 700 6.2 6.060
B M30A1l 155mm XM123 ¢.078 0.010 150, 700 0.2 6.079
-4 BS-NACO 5" 54 Cal. 0.062 0.010 220. 200 0.2 U.650
4 \ M9 Flake 0.003" 0.032 0.010 77. 200 0,084
] ! ME 105mm M337 0.071 0.61I0 75. 200 0.2 0.02%
v M6 175mm MB6A2 0.069 0.010 420. 700 0.2 6.077
'y M6 175mm MBSA2 0.045 0.910 999 . 700 0.5
“ M6 175mm MB6A2 0.027 0.0i0 999 . 700 0.1
¢ M5 175mm MS6A2 0.927 0.010 400, 700 6.1
: MG 175mm M86A2 n.045 0.010 185, 700 0.15
" 175ma M86A2 . U.UGY 0,010 194. 790 0.2
; ﬁB Flake "” C.0%6 6.0)0 53, 200 H.97%
X vy M5 FP/90mm M371 0.026 0.010 53. 200 0.075
" M9 Flake F/Ctg. Ign. M3, M6 0.932 0.01C i7. 200 0.084
g M9 F/4.2" Moiptar 0.032 0.010 77, 200 0.084
= M36D1 SP F/XM578 0.024 0.010 800 . 700
: ﬁ?ﬁ‘IBEﬁh'éh!bﬁ' o.u7T 0010 kR 780 8.2 004
+ M30 35ma 0.079 0.010 45, 200 0.2 0.015
- 4 M642 76mm 0.070 0.010 145, 203 0.2 0.050
3 ML MP 105mm 0.069 0.010 98, 200 0.2
: M9 MP 0.035 0.010 500. 761 0.1
7
‘ -
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CH ) 0sc
{ The computer voltage output across the indicated components
! for the first few cycles of input are sketched in Figure 6 for
} the three selected RC parameter groups:
/
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Figure 6 Sceptre Simulation of RC-One KH, Circuit

2
v The signal across Cy, designating the pressure, shows a

™ qualitative agreement for cases A and B, However, the trian-
o gular form for C was observed analytically only when the hash
T capacitance Cy was in the low picofarad range. Further attempts
: ; were made to model the piezo crystal itself with and without the
;4 attached RC circuit to determine more exuctly the actual pressure
S on the closed bomb walls, but lack of gage informatiocn and un-
g N certainties in the piezo model itself prevented further ingviry
Fl into this basic approach.
{2
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With the basic relation that charge induced is proportional
to force on tae crystal (F = KQ), and force is pressure over the
piston area (F = PA), the pressure on the gage piston is ex-
pressed as an integral over the current generated:

+
F(t) = k/A/I(t) at.
[+

¢
H

: Sl

<

< - ¢ ¢, -— Y

LT T

The measured voltage V, which is interpreted as the pressure
signal, is related through the actual circuitry to the actual
pressure P. Static calibration is valid if circuit time con-
stants are negligible. (Rp and Cqp refer to the transducer leak-
age resistance and static capacitance).

R

A.2 Sampling and Data Storage:

o 4 To illustrate the operation of this system, six complete
L disc stored hexadecimal records were acquired. (Eventually
PR such data are erased because of storage limitation). Each
SRR record consists of the calibration step transmission and the
SN subsequent bomb firing:

Record Number: Test Reference (lot 68308)
29 26
36 34
45 42

S Sample time was 0.2 millisecond. The complete anelysis of only
R / record 26 will be presented with Table 2 listing the hex numbers

S ’ for calibratiocn and firing. Table 3 is the decimal conversion.

X In the calibration transmission, the first value listed for each

of the nine levels is neglected in calculating the average level.

. Thus the average decimal reading for zero voltage is 8%69.85,

and -1844.8 for the 2 volt level. The dp/dt values are calcu-

lated at calibration levels 6.5, 0.75, 1 and 1.25 volt levels

e v (Figure 7) which here represent a decimal range from 6255.3 to

2198.3. (Radford considers each calibration point. However, for

N Lo
—rae

13 this analysis, all intermediate points are linearty interpolated
e between the 0 and 2 volt levels. The error is small in the

&‘g eventual pressure and RQ determination).
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2940
LholLo
2304
230C
2310
1DBS
186l
1327
1320
0DDO
0896
03LF
FE1O
F8CA
2310
2316

2940
FBOY
21AlL
20D2
1FAC
1D

1984
1432
0C5A
0110
"BAb6
FBLC
FBLE
FB62
FB60
FB80

TABLE 2.

0000
LoLo
2306
230E
230A
1DCO
186E
131E
6DD8
ONDA
0894
FEOE
P8D6
22F6
2310
230A

0001
8000
217A
20AC
1F6l
1CDO
18E0
1350
OBlE
FFCE
FBB8
FRL2
FB56
FBGE
FB72
FB8YL

FOF2
11040
2308
230C
1DBC
1Dce
186E
1322
0DD6
0DD8
0892
FE12
»8c8
2302
2304
2308

Mring for Record 26

22EC
21F2
217h
209A
1F3C
1CT7hL
185¢C
1280
09E2
FEB2
FB6A
FBS0
FB58
FB6

FBS

FBBS

DR N Y | el T WY AT Ty

HEXADEC IMAL RECORD 2z6

2940 0000 FOF2 W8FL
Calibration for Record

F8FL
®OFQ
2306
2308
1DBE
1DCO
1870
1326
0DDA
089l
034A
PE10
F8DO
230C
2308
2306

FBAO
21FC
215E
2074
1EF6
1¢C00
17BY
118A
087¢
FDC6
FB58
FBL 6
FBS6
FB68
FB72
FBBS

10

ket R

C3r7
m2W6
230L
2310
1DBE
1DBC
1870
1326
ODDA
0898
03LA
112
F8cA
2310
2304
230A

B9,
2106
2136
2040
1EAO
1B7C
1708
10AC
O71E
FD20
FB58
"Bl A
FB56
FB68
FBAE
FB88

FOF9
230A
230C
231

1D7

1DBC
1870
132l
QDEZ2
0892
0348
FELY
F8CE
230C
230A
230C

FBO)
21D6
212E
2026
1LEBA
L1BCC
1664
OFBO
0558
FCSC
FBl.C
FBLC
FB58
FB6C
FB76
FB90O

B wh s e A

for LOT U

26

FEF6
230A
230
2310
1DB6
1DBC
1870
131E
UDB8
089l
03LE
FE1L
FBCE
230E
2308
2312

FB90
21¢8
2112
200A
1DFO
1A80
159E
OEAO
0,06
FC30
FBLA
FBl.C
FB5C
wB62
FB62
FBBA

FSRD
230E
22F6
2308
1DBA
1DBC
1326
132

0DD

08A2
034E
FELA
*8C6
230E
22FC
230E

FBB2
21a8
20ES8
1FPDY
1DAO
1A1L
14F

ODB

027E
FBDC
FBSO
FBSL.
FBSE
FB6E
FB7E
FROZ2

s
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896l
8972
8976
7608
624l
4,898

1,896
3536
2198

8L6
~1,96

-1.8116

- -

-1132
8612
802
6108
71192
6532
5170

3162
272
~111)
-120Y
-1202
-1182
-1184
~-1152

TABLE

8956
8974
8970
7616
625,
489l

3544
3546
2196
~4,98
-182

ENDF
8570
8364
8036
7376
6368
9Ly

286

=11l
-121l
~119]
-1186
-1166
-1148

Lo e

3. DECIMAL CONVERSION OF RECORD 26.

8969
8972
7612
7618
6254
4898

3542
350
219l
-L49y
~1848

Firing for Record 26

Calibration for Record 26

8966
8968
761L
7616
6256
L4902

3546
2196
8L 2
-1,96
-1840

896
897
761l
7612

6256
}902

3546
2200
8.2
-L9l
~28L6

8970
8972
8980
7541
7612
6256
4900

3554
2194
840
-492
-1842

8940 -1120 -1132 -1132

8690
8561
8346
7996
728l
6236
4736

2530

-334
~1174
-1200
~-1192
~-1180
=114}
-1ilh

8700
852
8308
7926
7168
6068
190
2172
-570
-1192
-1210
-1194
-1176
-1166
-1144

I : M. L Tl s - hdieal RSN

8662
8502
8256
7810
7036
5896
L268

1822

-736
-1192
-1206
~119L
-1176
-1106
-1144

11

8662
8,94
8230
7770
692
5732
o016

132

-868
-1204
-120l;
-1192
-1172
-1162
-1136

8970
8964
8976
7606
7612
6256
489,

3512
2196
846
-492
-18y2

-1136
86,8
8l66
8202
766l
678L
5534
37l

1030
-976
~-1206
-120
-118
-1182
-1182
-1142

§7, 0 @ . fihaitnl A e

897l
8650
8974
7610
7612
4902
4900

35L4
2210

8¢
-1850

-1102
8616
8L2l
8148
758l
6676
536
3512

638
-1060
~-1200
-1196
-11856
-1170
-115)
1134
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Figure 7 Four dp/dt Values for RQ

Just before firing, the computer searches the line voltage
every millisecond for a voltage rise for two consecutive time
intervals. Cnc: this criterion is met, the computer records
the voltage level in a wrap—-around table of 123 points at a fixed
sample time: 100 microseconds for fast burning powder; or 200,
300, or 400 can be selected before firing. Only 63 data points
are retained before the voitage sign change from the electronic
isolation stage:

POLARITY CHANGE

AT
. . l ——— TiNE
WL b e e e e
- s BY points el e B0 pOINLS il tms
(123 rornts/tirinal

For this firing, the peak pressure was reported as 30.11 kp51 at
a -1214 decimal reading. The 0 and 2 volt levels result in a
pressure decimal relation:

KPSI (56)= 0.002957 (8969.9 - D)

KPS

e

10001 - i

//

e

l

|

| i

! §

N R
2

By06. 1 S12bh -1BAAL B pECInaL

These records will be plotted in the next section on numerical
methods.

In some of the firings of the P-W lots, two anomalies wero
noted: (1) An RQ near 150 was calculated. This was found duc to
loss of the first voltage calibration level in transmission,
causing a shift in scaling, and was undetected by the system,

(2) A consistent discrepancy occurred between IBIL {(hand cal-
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culation from polaroid}) and IBM (computer reduction) RQ values
not near 100%. If the sampling rate was too fast, the 0.5 level
could be mirsed cvompletely. IBL values were higher than the
computer ones at higher RQ, and lower at lower RQ.

Better agreement between IBL and IBM RQ values resulted when
a 0.2 ms sample rate was used for lots P to W. For example for
iot U with 0.1 ms rate, the RQ was about 53%; wherees a 0.2 mz
rate gave 73% in close agreement with IBL value. It appears this
can be explained by the method used to take data in Radford pro-
gram by qualitatively considering the digitized pressure trace:

POLARITY
PRESSURE
4 4

TRIGGER

Since only about 60 points are stored on either side of the
polarity change, when the sample rate is reduced from 0.2 to 0.1
ms, only about half of these points possible for 0.2 ms sampling
are stored. Inspection of the original decimal output of the
converter for record 29 (lot U) for a 0.2 ms rate indicated that
a 0.1 ms rate would result in a first data point of about 6100,
converting to 8.5 kpsi. However, the first pressure calibration
point (at 0.5 volt) is located at 7.992 kpsi. (The reference
record 26 with 0.1 ms rate would have a first data value of 7370
with conversion to 4.7 kpsi). Thus the faster rate for record

29 would have resulted in the LOSS OF THE FIRST REFERENCE POINT,
and computer calculation verified that a lower RQ wculd be ob-
tained, as was reported. The larger 0.2 ms intervals step far
enough backward to include the first pressure calibration. A
linear interpellation retween these larger steps still obtained
an RQ close to the IBL value. Table 4 shows the effect of sample
rate and the need for a suifficient number of data points or an
internal check to assure covering the pressure range of interest.
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Table 4 Sample Rate Effect

f? —Reference 26— —Lot U, 29—
?T Data point First Last First Last
AT= 0.1 ms| 7370 -1188 6100 -696 | Decimal
4 4.7 30.08 . 28.6 kpsi conversion
f , AT= 0.2 ms{ BEJ0 -1132 8272 ~-620 Decimal
E 0.83 29.9 2,07 28.4 kpsi conversion
g Calibration voltage: 0.5 0.75 1.0  1.25
: ; Calibration pressure: 26: 7.995 11.993 15.99 19.99
ﬁ | (kpsi) 29: 7.992) 11.988 15.98 19.98
g Table 5 summarizes reported average RQ and RF values by
- Redford for AUTOCAP lots A through W. {Lots A through H were M6
B propellant for 175mm gun produced earlier). Standard deviations
" ire listed, when available. The averages are based on six
3 original RQ values.
ff Designation I, II, IIX represents the time when data was
¥ made available:
4 J Pressure sample time (millisecond)
I - early 1974 6.1
IT - late 1974 0.1
ITI - early 1975 0.2
‘ UNF, FIL, and IBL represent three separate calculations fcr RG:
- smoothed pressure data used with 8= 0.5
F1I) - smoothed pressure data with simulation of RC
. circuit for B.
’ IBL - interior ballistics lab hand calculation from polarcid.
J SY7 and IBL re two separate values for RF:
) g
’ Qggb-* locating peak pressure from digitized pressure data.
3 IBL -~ locating peak pressure from polaroid trace visually.

- The above circled values arve the reported RQ and RF values.

All AUTOCAP lots (A-W which include M6 propellant for
the 175mm gun and M1 for the 155mm howitzer) were fired with
the 0.2 ms sample time. Since the M& propellant (lots A-H)
were fired almost exactly one year earlier, these two sets
of RQ data for M6 are plotted against the mear (of 23 dirings
each) of zone 3 firing iu Figure | '
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It is interesting to note that although there is a high
linear correlation coefficient (0.9925) for the earlier RQ
values (mean of 6 firings/lot), the relation becomes poorer
(0.9771) when fired in the CB a year later. The final con-
clusion cannot be drawn from Figure 8 since ballistic
firings were not repeated at the time of the second CB
firings. and it is unknown whether the propellant ballistic
performance would have tracked with the changes in RQ mean
values. Furthermore, the 0.2 ms rate should have provided a

better RQ estimate.
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(Lots A-H were principally changes in chemistry, while
lots J-W included also changes in geometry of the grain).
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A.3 Numerical Methods

k Three values for RQ are calculated by RAAP:

‘ IBL Computation (Interior Ballistic Lab from polaroid),
1BM Unfiltered (IBM System-7 computer from digitized prassure),
IBM Filtered (IBM System-7 computer from digitized pressure) .

The IBL computation requires visual observation of 4 points
from each polaroid dp/dt vs p trace. The two IBM values are
obtained by using mathematical properties of RC filters to both

r smooth and differentiate the pressure trace. The IBL method is

a direct electronic way of cobtaining a dp/dt vs p trace, but
subsequent RQ calculation from the traces is time consuming
{Table 23). 1IBM values are available within seconds after firing
(Table 22).

Rt TR It A LR A 4 A RC 2

The block diagram illustrates the locations of the three
RQ determinations:

[, OO

jeL Computation P

UNFILTERED

\ . PURE >
: P Pi i / F 0.5

o < -

- AHALOG LG A/D Cony SO0 TH HiGH PASS
l SUGHAL c1acy| T DIGITAL DATA R C CHRLUIT

1at UNFILTERED

Rl

: — Low PASS N FILTERED
CLOSED BOMB oCe b ¢ CReut A L—3» 1Dt FILTERED
! AREA =075 DEPEHDS 0% R

TRAHSMISSION
LINE TO COMPUTER

The physical R, Cg, Cy circuit is left in-line for the
pressure transmission resulting in signal filtering before
arriving at the A/D converter. The digitized pressure points
P; arc then smoothed by an algerithm simulating properties of
J an RC lcw pass filter; where o« represents the fractional voltage
' intrease to the new step function in an interval AT, with a decay
from the previous level:

oo S G
i

2 —
. . Poe = Pq _

' UNSHO0TH P
: - -—_ — SHAQTH.
L T P =XPy + (1 -X) P, _
E .‘ b R Pz ={P2 + (1 - «) pl "li .
e Fu R - - ol
‘ J :"" " doocded g P3 - I 3 + (l - ((') pz L-.A_V-J..,4._4-.....1._W,.4. [

]

-
.
-

o 4

A= AT/(RC) = 0.75 for all data smoothing.

t
{
;

K
‘v -
M

- !
- ‘

x {
L4
ir‘.

20




e L 2 ndIE VPP Ve .

<

b

Lt Ak

e sl L R

i
The derivative P is then takern by approximate simulation of
an RC high pass filter (reflecting irnstantaneous rise to new

level and discharge from the old):
U

Po = 0

e _ - 4
Py = (P -P)/AT +BP,
! —_ — L
P, = (P - P))/AT +BP,

I —— S
Pq = (P3-P2)/AT +BP2

W

For unfiltered RQ, B taken as 0.5.

For filtered RQ,B = 1 -« whereq{ = (sampling interval/(RCy)).

For 0.2 ms sampling, R = 93 ka, and Cyg = 0.01.¢:7:

o = AT/(RCHy) = 0.0002/(93000 x 1078 = 0.21505:;8=1 - = 0.78495

Note the derivative is a local two point slope, enhanced by a beta
fraction of the PREVIOUS derivative. The R and €y values in the
bomb circuit (Table 1) are used in this filtering, but not the Cy
value. This method (smoothing with«= 0.75, and differentiating
with B = 0.78495) was used in plotting records 26 and 29 in Figure
8. The reference pressures, and the derivative (with B = 0,78495)
at these references for all six records are:

KPSI PSI/MICROSECOND
#l 0.5 0.75 1.0 1.25 0.5 0.75 1.0 1.25 Volt

26 7 7.995 11.993 15.990 19.988 8.827 12.429 15.722 20.126
29| 7.992 11.988 15.984 19.980 6.348 8.650 11.528 14.676

34 | 7.995 11.993 15.930 19.987 9.121 12.516 16.238 20.15¢
36 { 7.995 11.9%93 15.93%0 19.987 | 13.405 17.315 21,464 25,583

42| 7.9%4 11.93: 15.988 19.934 8.991 12.413 16.113 20,064
45} 7.990 11.98% 15.980 19.975 8.462 12.156 15.990 19.981

Slight differcnces occur in RQ with small changes in the
reference pressures:

Record: | RQY | rQP ] RQC
29,26 72.03 | 71.94] 71.96
36,34 149.73 | 136.10]136.09

45742

37.17 i 97.721 87.7%9

a Radford reported RQ using entire calibration signal.
b  RQ using linear interpolation between 0 and 2 volt
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c

RQ using 8,

G RN AR L

calibration signal.

12, 1le,

A P} T

20 kpsi as referen : pressures.

The teletyve output of the computer c¢alculated RQ and RF for the
six records relayed back to the closed bomb instrument room is

illustrated:
1974 0346 1 4 €9 093 002
SAMPLE TIME RECORY RQ1 RQ2 RF
- Unfiltered Filtered
’ R1 09:56 Qo2
Ll 09:57 0027 119.8703 116.58153 102.3077
: L2 09:59 0028 79.8720 8 : 99,3142
i L3 16:00 2029 69.9321 72.0328 95,2101
i
{ R2 12:43 Qo33
! LlL 12:45 0935 96,2053 33 99.8011
- L2 12:46 Q036  150.5829 (149.7347 100.4987
7 L3 12:47 0037 96.0440 96.5643 100.0114
' R1 12:56 Qoaz
Ll 12:58 0043 96.5203 96.5795 99.6456
L2 13:00 0044 101.7402 00,7770 99,9941
L3 13:01 Qo045 98,2563 37.7705) 99.6853
. Use of different betas, ¢ ovaring standard against standard:

Table 6 summarizes cs.culation of RQ using the Radford
method. Thougn the betas have marked influence on the magnitude
of the derivative, the irntluence on RO is small. (g = 0 is equi~
valent to a simple 2 poir* slope derivative). 2Also the three
reference firings were vie? with each other. An RQ variation of
almost 2 percent was preseut here.

Table & Influence of BETA on RQ
p~————— TEST/REF Vs REF /REF N\
_ | Beta 29/26 36,24 45/42 34/26 42/26 | 4z2/34
G. 69.90 140.45 99.67 106.87 103.60 97.00
/ .1 69.65 140.02 99.19
.2 62.51 139.55 98.81
.3 69.48 139.05% 98.51
i .4 69.56 138.53 98.27
. .5 69.78 137.99 98.07 103.25 101.84 98.65
- .6 70,16 137.40 97.91
: .7 70. 84 136.73 97.74
.. C,78495 71.94 136.10C 97,72 101.87 100.97 99.13 O
o .8 72.23 136.00 97.72
' ?! ) 76.05 135.81 97.98
;#i 1.0 l 89.13 139.56 99,27 100 .21 100.25 [100.04
S 4 “ix other methods were amployed for smoothing and different-
S E iating:
{ = 22
§

I
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9 point smooth, Tubic fit least squares = 9C

9 point smooth, Quadratic fit least sguares = 90

19 point smootk, Cubic fit least squares = 19C
19 point smooth, Quadratic fit least squares = 19Q
3 point average smooth, Stirling = 38

= 58

5 point average smooth, Stirling
The average smooth (last two) is an elementary method:

To = (Popy + Poput..+P, + P+ +Py ., )/ (2n +1) |

The Stirling method uses four adjacent points:

— - - -
P,N(P., -8 P_;+ 8 P; - Py )/(124T)

Table 7 lists the derivatives (psi/microsecond) at four
pressure references and compares them with Radford’'s, approach
when B= 0 (simple two point slope) andB= 0.78495. Linear inter-
polation is used.

Tabhle 7 Derivatives by Numerical Methods

Derivative (psi/« s) at reference pressures 8, 12, 16, 20 kpsi:

Record Method 8 12 16 20
9c 2,303 3.210 4,218 } 5.183
90 2.292 3.192 4,221 5.256
19C 2.310 3.216 4,305 5.457
26 1990 2,318 3.265 4,271 4.791
38 2.285 3,258 4,211 5.198
58 2,307 3.184 4,220 5.211
RadB = 0 2.081 3.157 3.678 5.146
Rad B =.78495 8.832 12.435 15.737 20.14
9C 1.494 2.096 2.867 3.699
9Q 1.492 2.125 2.913 3.686
19C 1.507 2.168 2.960 3.824
29 190 1.516 2.163 2.941 3.495
3 35 1.489 2.082 2.874 3.679
g ' 58 1.480 2.120 2.893 3.690
L RadB = 0 1.566 1.3881 2.680 3.534
) Rad B =,78495% 6.357 8.654 11.54 14.695
.,‘\ % . P L“ I S —
i “ The influence of numerical methods is illustrated in Table 8.
E .. j There is a small influence of about a percent for RQ near 100%.
F
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Table 8 Numerical Method Influence on RQ

TEST/REF REF/REF
METHOD 29/26 £/42 42/26
9C 67.38 98,32 99,92
9Q 67.72 97.71 100.17
19C 67.87 97.34 100.87
19Q 68.36 97.46 100.60
3s 67.02 97.66 99.93
55 67.53 97.83 99.86
Rad B= 0 69.89 99,83 103.48
Rad B8 =.78495 73..96 97.79 100.96

Figure 9 is a plot of hex records 26 (reference 68308) and
29 (lot U). for both unsmooth and smooth data. The smooth data
igs slightly shifted at the steep slope. Figure 10 is a closed
bomb plot of these records when the data is smoothed and dif-
ferentiated according to the RC method. In Figure 11, for com-
parison, the unsmoothed data for both reccrds was smoothed and
differentiated by a nine point cubic polynomial least sqguares
fit, and note the essential differences:

1. Magnitude of the derivative is much smaller, and is now
the actual physical derivative of the pressure.

2. The peak is shifted to a lowezr pressure.

3. Finer detail is seen in the early ignition phase.

4. The infinite slope near peak pressure acquires a finite
negative value.

Although the RC method here produces a smoother curve, it con-
ceals features of the pressure trace available from the original
signal.

A.4 Methods c¢f Calculating RQ:

MIL-STD-286B (30 June 1971) Method 801.1 directs closed bomb
data be plotted as dp/dt vs p by a suitable system. Fach axis is
scaled to 2 volts. The pressure axis is arranged so the maximum
pressure value lies between 1.75 and 2 volts. The four points
on the dp/dtv axis intersecting the 0.5, 0.75, 1 and 1.25 volt
p values are thc four data poirits per firing. The method directs
that for several test propellant (or for reference propellant)
firings, the dp/dt values for all the test propellant firings be
averaged at each of the four refere¢nce pressures. The same is
done for the reference propellant firings. The averages of the
test are then divided by the corresponding averages of the ref-
erence to obtain four ratios. These four ratios are then
averaged to obtain the RQ. There is ro mention of reporting
Standard deviation or range. Mathematically: '
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M M
N T
. 100 i=1 i=1
RQuyep ™ = e RF =100
MiL N M MIL M
j..-—.]_ 4 le R .
i3 igl PMAX i
M = number of reference firings or test firings f(one to seven)
N = number of data points per firings {(four)
Tij' Rij' = dp/dt test (reference) propellant value of ith
fizing and jth Gata point,.
Tpmax i, Rpmax i, = test (reference) propellant maximum pressure

for jith firing.

In Radford's method of RQ calculation, intermediate RQ's
are determined by i mediately averaging the dp/dt ratios for a
particular test and its reference firing. Intermediate RQs are
averaged for a reported RQ. A standard deviation can be calcu-
lated for these intermediate RQs, since each intermediate RQ
involves a specific test and reference firing, not a mixture of
several. Mathematically:

mof
]

T .

. PMAX i

1< (00 S5 omigl e 100 i
ROpaD="HM" Zi Y <ii le/ RAD™ N

>~ | Rpuax i
i=1 j=1
\

INTERMEDIATE RQ

The two methods, MIL and RAD for RQ are not equivalent; but,
practically speaking, for the range of data obtained in the
closed bombh, and for a wide range of RQ, the difference between
the two methods is usually only a few thousands of a percent of
RO,

3 As an example, ¢losed bomb data from Picatinny Arsenal (192
cm”, 0.2 g/cwm”) £or AUTOCAP lots K, P, ", R, S, T, U, V, W were
used. Reference lot 5308 was not available, and lot K, similar
to regular production., was used. Three firings ot K were vied
with three firings each of lots J and L; three more of K (K1)
with lote R, S, V, W; and three more of K (K2) with lots P, (G,
T, U, Four data points were used from each firing at the &, 12,
16, 20 kpsi calikration pressurses (linear interpolation neededj.
The data was procesgsed both by the MIL and RAD method and some
results appear in Table 9.
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Table 9 MIL and RAD Method of R) Calculation &
Lot RQ Lot RO
J 39.3607 W 97.5464
99,3717 (2.00) 97.5462 (0.64)
L 101.7370 P 86.4497
101.7510 (1.98) 86,4501 (0.35)
R 118.4893 Q 75.1841
118.4892 (0.84) 75,1870 (G.87)
S 105.4841 iy 81.4871
105,4835 {(0.33) 81.4866 (0.50)
v 114.9013 U 66.6622
114.9016 (0.35) 66.6636 (0.43)

Apeference is AUTOCAP lot K. First entry is MIL calculation;
second entry is RAD calculation with standard deviation of
the three intermediate RQs by the RAD method.

Sources of variation in RQ are shown if the mean and standard

deviation of dp/dt are calculated at each calibraticn pressure.
. This is done in Table 10 for Picatinny firings, tlicugh only for a
J sample of 3 firings per lot.
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Table 10 Mean and SO of DpP/DT (psi/y 8) at Calibration Presgsures.

0.5 volt 0.75 volt 1.0 volt 1,25 volt
8 kpsi 12 kpsi 16 kpsi 20 kpsi
(Ref) K3 2.0116 3.0253 4.1442 5.3613
¢ .038 .008 .047 .061
J 2.0113 3.0392 4.0626 5.3613
.003 . 105 .027 027
L 2.1093 3.0854 4.1249 5.3%49
.040 .043 .089 .. 35
{(Ref) K1 2.1962 3.1993 4.3370 5.473¢
.013 .023 .022 321
R 2.6550 3.8398 5.0523 6.3396
023 .040 035 .081
S 2.4354 3.4206 4,50190 5.4581
.019 .042 ,053 .047
\' 2.6659 3.6876 4.8327 6.0662
.034 .018 .033 .048
W 2.3056 3.0902 4,0776 5.1453

.021 .037 .033 .057

B, Picatinny Arsenal
B.1 Hardware

A variety of closed bombs are available with the 194 cm3

used primarily. The ignitor consists of one gram of class S
black powder tissue-wrapped around an M100 Atlas MPatch (electric
squib) positioned at the top of the propellant bedii. The pressure
transducers are Kistler models: 607B, 607C4 (100 kpsi), and 701H
for low pressure. The higher pressure models have abcat 1,/8"
recess from the wall. ‘The gage is recalibrated absolutely with
accuracy to 0.5% each working day by a dead weight method. 0il
pressure is increased gradually from zero tc 40 kpsi over a
period of about 20 seconds. For the present instrumentation,

the method is:

Static KPSI Sensitivity Range (psi/v) Volt Pcb

20 5.00 200 4.030 403¢
30 5.00 200 6.142 6142
40 5.00 200 8.172 8172

The best fit equation becomes: Pcb = 0,2107 psi - 182. Then
25x0.2107 = 5.27=new sensitivity setting for the charge ampli-
fier. (Range x 250 = psi/v).
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The general schematic of operation is illustrated in Figure 2.

DEADWE i GHT
TESTER
TELETYPE
[ /d
r—' 53475
s KISTLER —_— AU 12BIT
T CHAKRGE CONVERTER
AMP e
-’ €bc 6600 | ABSOLUTE PRESSURE
/ COMPUTER BURN RATE
PROPELLANT | .~
[HON#TOR TO ASSURE PARAMETERS .
+ VOLT INTO A/D
M ey e rremvecn:
TYPE O AMP POLAROID RQ
o —l
EALlaHATE [Vd S Y RC CIRCUIT TRACE RF

Figure 12 Picatinny Closed Bomb Instrumentation

Tre charge amplifier offers essentially zero impedance to the
higl. impedance pressure gage. The current generated is allowed
to flow and is continuously stored in the feedback capacitor
across the amplifier. Negligible capacitative effect results
and practically no voltage buildup occurs on the gage cable.
{The Radford RC system follows a pattern of a charge amplifier).

¥ =
\. A —
4 A 4
CHARGE AMPLIFIER L.P. FILTER

The type 0 Textr:inix amplifier is a high pass filter and is cal-
ibrated bv a ramp pulse. It performs differentiation of the
pressure anda for a particular M30 propellant, typical circuit
values were:
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Ce 0.1 A£
o Rf = 200 ka
C = 0.00082 4~f =Cg/100
(low pass filter capacitor
A for noise suppression).

Hn

Eo = ~Rfg Cg dEj/d4t

A 12 bit converter with a small computer is used with a tele-
type. The sample time is 32 microseconds, or its multiples. Data
is transmitted to the central computer for computing (1) the
apsolute pressure and dp/dt by a method to be described; and (2)
the burn rate r =bPnh by the model of Wallace and Pallington
(References 3, 4) as a function of pressure, and for any range of
pressure. RQ and RF are determined only from polaroid traces
using the Type O plug in.

B.2 Numerical Methods

The method used to both smooth and differentiate digitized
data is by a moving 19 point cubic least squares fit (Reference
12). Table 1l lists convolution constants for implementing
various point fits. At any interval, 19 consecutive points are
involved:

As shown in the sketch, pocint number 10 is smoothed to a new
value by its 18 neighboring points; and its derivative is cal-
culated immediately. The iteration proceeds to points from 2
to 20, and the calculation is repeated.

A set of points can be smcothed by incorporating a convo-
lution function. For a constant function, a moving average
occurs where the convolutes multiply each data peoint by one, and
the normalizing factor is the number of interval points. An
exponential function can simulate an RC time constant where the
current point has greatest weight, with previcus points weighted
by exponential decay. This simulates an RC filter where past but
not future points are considered. When a complete set of points
is available, smcothing and differentiating can be done by lcok-
ing both backward and forward from any digitized point. One-sided
RC or ramp functions do not have this characteristic. & least-
squares procedure leads to a set of convolutes or weighting con-
stants for data points in an interval, and has past-future
aspects. The interval should have the number of points small
enough s0 no more than one inflection is included. This method
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applies to equally spaced abscissa points. This method for
smoothing and differentiating is easily implemented in a computer
program as illustrated by a Fortran routine for an L point fit
for a set of ninety data points P(90).

Table 11 LEAST SQUARES CONVOLUTES

Smoothing and Derivative Coefficients for Constant Time Interval

Data.
Point Coefficients Normalizing
Interval Factor
SS "3' 12' 17’ 12' —3 Ve ee s e e s s 0N IO EOE T EII) B 35
DQ _2' —l, 0, l’ 2 ® 9 90006 00 0T 0 *0 I I VS L L PLOLEI LGS 10
DC 1' -8, 0' 8' -1 ® ® © 5 0 ¥ P O B 0 90 B S U eSS N VS S S 8T S8 e 12
2D 2, "l' '-2, -1’ 2 P e e P s PO tOTOIIOCRERNOEANCOEOLEOSIEED OGRS 7
7S -2' 3, 6, 7' 6' 3’ -2 ® o0 s s 00 ebs06300 08380000008 21
DQ "3' _2’ "l' Oy l, 2’ 3 ¢ 603000 aves000 0000 e e e 28
DC 22, -67, —58' 0’ 58' 67' _22 cee cooars e e 252
2D 5, 0, _3, "4' —3’ O' 5 e e te 2000 e teseOL 0L es e 42
9 8 -21, 14, 39, 54, 59, 54, 39, 14, -21 ...cecese 231
DQ —4' -3' -2’ -'1’ 0’ l' 2' 3' 4 * e e 000 e 0oas s 60
DC 86, -142, -193, ~-126, 0, 126, 193, 142, -86 . 1188
2D 28' 7' _8' _17’ -20’ -17’ _8’ 7' 28 e 0000 e 0o 462
11 s -36, 9, 44, 69, 84, 89, B4, 69, 44, 9, -36 .. 429
DQ —5’ -4’ -3’ "2' —'l' 0’ ly 2’ 3, 4, 5 s e 80 ce a0 llo
pc; 300, -294, -532, -503, -296, 0, 2496, 503,
532, 294, -300 ® 8 02008t e vt PO OCePeELAEISEEIPEELEE 5148
2D 15' 6’ -1, "'6’ “9' -J-O’ _9' -6’ _l’ 6' 15 o s v 429

13 s -11, 0, 9, 16, 21, 24, 25, 24, 21, 16, 9, O,

e 0 143
pQ| -6, -5, -4, -3, -2, -1, 0,1, 2, 3, 4, 5, 6 . 182
DC 1133, -660, -1578, -1796, -1489, -832, O,

832, 1489, 1796, 1578, 560, -1133 ....cce0c.. 24024
2D 22, 11, 2, -5, -i6, -13, -14, -13. -10, -5,

2, 11, 22 ... ieaecocvnscrsscsesrcnecsesvocnsose 1001

15 S -78, -13, 42, 87, 122, 147, 162, 167, 162,
147, 122, 87, 42, =13, =78 cieiessessencones 1105
DQ -7, "'61 -5, -4, -3, -2, -1, 0, l! 20 3! 41
5, 6, 7 tieeoeeecsscncsorsscssssacssonenssess 280
oC 12922, -4121, -14150, -18334, -17842,
-13843, -7506, 0, 7506, 13843, 17842,

18334, 14150, 4121, -12922 ....ceveeevacees. 334152
2D 91, 52, 1%, -8, -29, -48, -53, -56, -53,
-48, =29, =8, 19, 52, 91 ...i.iciiterrcrncennns 6188
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T RSB

, 18, 27, 34, 39, 42, 43, 42, 39,
B, 7, =6, =21 .t ieeonrnsensacserina 323

DO -8, -7, ¢y =5, -4, -3, -2, -1, ¢, 1, 2, 3,

4, 5, 6, 7, B citeeoeeiosesesscnsvscsnsncanas 408
DC 748, -98, -&43, -930, -l002, -%02, -673,
-~358, 0, 358, 673, 902, 1002, 930, 643,
98, =748 ....cciveveracnanns coeensasesveosar e 23256
2D 49, 25, 12, 1, -8, -15, -20, -23, -24, -23,
-20, =15, -8, 1, 12, 25, 40 ...vcvecovensonnas 3876

178 | =21, -6, 7
34, 27, 1
-6

19 S -136, =-51, 24, 89, 144, 189, 224, 249, 264,

269, 264, 249, 224, 189, 144, 89, 24, -51,
“136 ..iceresrnennanse cecsestemisoarscene o a0 2261
DQ -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, 1,
2, 3, 8, 5, 6, 7, B, 9 eeeeenreroncnensanecns 570
DC €936, 68, -4648, -7481, -8700, -8574, -8179,
-5363, -2816, 0, 2816, 5363, 8179, B574,

8700, 7481, 4648, «68, —=6936 .coenceecasnancan 255816
2D 51, 34, 19, 6, -5, -14, -21, -26, -29, -30,
-29, -26, =21, -14, -5, 6, 19, 34, 51 ....00.. 6783

21 S -171, ~-76, 9, 84, 149, 204, 24%, 284, 309,
324, 325, 324, 309, 284, 249, 204, 149, 84,

9, ""76; _171 IR EEEREEEEE L R N I R 3059
DQ -1, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0,
1, 2, 3, 4, 5, 6, 7, 8, 9, 10 tvieevieencaaoss 770

4 14

DC 84075, 10032, -43284, -78176, -96947,
-101900, -95338, -79564, -56881, -29592,

0, 29592, 56881, 79564, 95338, 101900,

56947, 78176, 43284, -10032, -84075 ......... 3634092
2D 196, 133, 82, 37, -2, -35, -62, -83, -98,
-107, -110, -107, -98, -83, -62, -35, -2,

37, 82, 133, 190 ...ciiiiiecinneancanss sreseen 33649

-- Smoocthing Coefficients for quadratic and cubic fit.

-~ First derivative coefficients for quadratic fit.

First derivative coefficients for cubic fit,

~-- Second derivative coefficients for gquadratic and cubic fit.

38w
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A sample calculation is shown for
obtaining the sinocth pressure value
and its first derivative for the
midpoint of a 7 point fit:

Py = (-2 Py + 3Py +6P3+ 7P,
+ 6 Ps + 3 Pg ~2 Pq)/(21.)

dP4/dt = (22 Py -67 Py -58 P3 + 58 Pg
+ 67 Pg -22 P4)/(252. A T)
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IR BTN [T 8, SOt gy s s s ors v e — -
il i e
DO 10 M =1L, 90
AS = 0.
AD = 0.
DO 20 N=1, L
K=M+N-1L
AS = AS + P(K)*SC9(N)
20 AD = AD + P(K)*DC9 (N)
5 (M~ (L/2)) = AS/NSC9Y
10 D (M- (L/2)) = AD/{NDC9*DT)

where L = number of points in interval, e.g. 19
SC9 = set of smoothing conveluies
DCY9 = set of first derivative convolutes
NSC9 = smoothing normalization
NDC9 = derivative normalization
S, D = smoothed, differentiated points
DT = time sample interval

Some of the various outputs available are illustrated in
three Calcomp plots for a lot K firing:

Figure 13: Pressure-time trace. (0.096 ms sample time)
Figure 14: Closed bomb plot by 19 point cubic fit.
Figure 15: Derived burn rate calculation.

It was noted that the A/D converter had a tendency to latch
onto decimal values of 127, 191, 255, 319, 383,.... 2239,...
(associated binary values have "1" in the last 6 bits) befoeore
jumping to a higher value attained by the pressure transducer.
This electronic disorder was more noticeable for the fast 32
microsec rate. This latching onto a constant value for several
or even two extra data points had a deletericus effect on the
numerical method used for the derivative. As an example of what
misleading data can do, a recocrd from a fast read rate experimental
propellant was processed with a 19 point fit, with a cubic and a
quadratic fit, shown in Figure 16. Figure 17 shows the details in
the pressure region around 33.8 megapascals (4900 psi). Although
the smoothing method tries to compensate for the discontinuity, the
derivative fluctuates wildly over this transition. If the quad-
ratic fit rather than the cubic is used, the same oscillation
is present but is less pronounced.

One data available from the closed bomb, since it is not
vented immediately after peak pressure, is the pressure deca
after peak pressure. Available data for two firirgs (192 cm
bomb; 70°F, 0.096 millisecond read rate, 0.2 g/cm<) gave the
following exponential fit for 17 ms of data available after peak
pressure:

Lot
P(kpsi) = 30.86 exp (~1.9317 t(scc))
Corr. Coef = ,99937

K P(kpsij = 30.97 exp (~1.202 t{sec))
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C. BADGER AAP:

RQ is obtained from both polaroid trace and computerized
closed bomb. Igrition is accomplished by 0.1 gram nitrocotton
in a loop of a 6 inch piece of #26 nichrome wire at 24 volts.
One gram of Sgitable smokeless ignicor (or blankfire) is used
in the 200 cm> bomb, with 5 in the 700 cm3. (References 13, 14,
15). Loading density is 0.2 gram/cm3 + 0.001 g/cm3.

T} loop is attached to the firing head. About half the
ignitor is concentrated near the handle end of the scoop with
the rest evenly spread down the scoop length. After propellant
is poured evenly along the scoop, the scoop is inserted into the
; bomb until it touches the rear wall. The scoop is rotated slowly
| 180 degrees, and removed while being pressed to the top of the
‘ bomb. Loading is done within two minutes of removal from the
j oven. The operating system is illustrated in Figure 18.
/

[ A/D and COMPUTER J o0

\ — ——
L S’?%TlER T PEAK |
D | cHance P biGiTAL | R
o B
KISTLER
6H7A 0P AMP
I 3/‘-»2 |

TEKTRONIC POLAROID RO
dp/at

CHARGE
CALIBRATOR 6634

Figure 18 Badger Closed Bomb Instrumentation

A Kistler 607A gage is used with a 593 charge amplifiecr.
Amplifier calibration is done with a 563A charge calibrator.

The peak digital meter provides peak pressure for RF. A Heise
gage is employed foi calibration and voltage is recorded at 5000
1b irtervals from 0 to 35,060 psi. A Tektronix 3A8 op amplifier
¢ differentiates the pressure for RQ measurement by polaroid trac 2.
A typical polaroid trace is shown in Figure 19.

Analyzing and reporting closed bomb data:

Three shots of the test are fired against three shots of the
reference (o1 standard), and the test series is repeated. If the
RO range of either test series exceeds 3%, that series is void.
Additional tests are fired, until two test series arc completed,
each with an RQ range of 3% or less. RQ and RF for test propel-
lant is determined by the average of these two series. If, how-
cver, the averages of the two series vary from each other by more

o N 7R .
e ttan = et i .
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than 2%, a third s=2ries is fired and RQ and RF reported is the
average of all three.

e
S, S e Y copiss .,—Kﬁ

RQ for each test~reference combination is found by dividing
the test dp/dt by the reference dp/dt at each ox four voltage
points and averaging the ratios. The final RQ for each test
series is the average of the three R(Qs. RO range is the
difference between the lowest and highest RQ of the three sho4s
wicthin the test.

Tabie 12 lists a closed bomb calculation sheet for a \
polaxoid trace RQ and RF measurement. 2 Honeywell computer 3
employs assembly language. The program does not smooth the

gntire curve; rather, the program f£inds the peak pressure and

the dp/dt values at four pressure points: 10, 14, 18 and 22

kpsi. (However, if the propellant is designated as "S5-inch", the

readirgs are at 8, 1%, 16, and 20 kpsi). A particular dp/dt is

found by finding a pressure reading just above a reference read-

ing, and by using seven point first derivative convolutes. The

derivative is found at this pressure reading:

(dp/dt}y = (-3 Po3 - 2 P-2 = P-1 + P1 + 2 Pp + 3 P3)/(28.4T)

Then the derivative is found by the same procedure for the point
just before the reference pressure. Finally, linear interpola-
tion of the two derivatives is used to find dp/dt at the ref-
erence pressure.

A methnd has been proposed to obtain new expressicns for RQ
and RF by calculating the second derivative of the pressure-time
to gain information cn the burn rate. On a dp2/dt2 vs t plot,
the regative deflection at the end of the graph corresponds to
RQ in some maaner. The horizontal and vertical deflection of the
final point on the curve give values for pressire and a quantity
relaring to RQ. No further development of this approach seems
reported.

An attempt was made to test M6 propellant for the 175mm gun
in the 2400 cm3 rather than in the 700 bomb in which a 0.2 g/cm3
loading density has only about 39 individual grains. However, a
larger grain sampie in the 2400 bomb resulted ir larger varia-
tions, probably due to geometrically locating the propellant and
CBI ignition charge. Longer cooling time was also required with
the larger bomb.

D. INODIANA AAP

The closed bomb was computerized in 1969. The 200 and 700
cm3 bombs are used, with the 200 used principally for black
powder study (References 16, 17). 1Ignition uses 0,1 gram gun-
cotton. For lewer oressure firings (in-process samples), a
Kistler 603A gage is used (300 psi range) with ten grams oj
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Table 12 Badger RQ Calculation Sheet

Figure 2 703-5tanditg Operating Procedures
for fAnalyzing and Reporting

Closed Bomd Dats

Revision 2

8-346 Rav. I CLOSED B(¥A CALCULATAN SREET 1 dune 137
Puge 6
Typs Powdsx _ 8" MP Dato 2.20-70
Lot ox Blani No. _ BAJ 65/91 . Bswh Size _ 200 (€
Refursnce Fowday wr. Mo. __ RAL K324 . Charge Weight 38 650
Temperature 90%, -, Ivserure Trensducer No. 109§ o

Teet Mo, L Shoy Mo, 2L

[ Powder Type Ple Yol T2V T V.6V T 3.6V 7 24V JV¥orca ¥, 1]
[ Srandard a7 L 690 ... G644 957 306 I K.F. 9938 &
Teet Fovcer | 876 j_ RV §56 i 803 945 04 [Ave. 2.9, 95,27 X |
W.Q. at esch |Vo.toge Step gg 59 | 95.07 A 94,14 195.26
Test Wo. 4 Shot No. 2
Yowder Type Pilm Xo. 1.2V 1.6V 2,0V 2.4V ) Yorce W 1
Stericard 79 340 686 935 989 305 |K.F, 99,35 . %
Taat Powder ;480 510 648 79T 940 303 lAva, 2.G. 94.97 X
R.0. at esch{Voltage Svep] 94,44 194,96 155,45 [ 95.53
Test No, 1 Shot Mo, 3
: Powdey Trpe #1lm No. 1.2V [ 1.6V | 2.0V | 2.4V | Fores v 7
e | _Standard 814 241 593 46 995 305 _{R.F, 99,38 = 1
., Test Powder | 815 AE) 658 208 953 303 TAve, R.Q, 05 &4 §
£,Q9. at aach|Volisge Step] 95,93 | 9¢.95 195,51 05,78
I _Test No. 2 Shot No, 4
- | Povder Type ¥ilm Na.] 1.2V 1.6V 2.0V 2.47 | Force V]
IStandara 439 __ 547 690 843 393 305 _TR.F. 99.34 X
3 [ _Tsst Powder | 810 513 853 B804 | 953 303 iave. .3, 9500 X
4 L %.Q. ot such|Voltage Step 34.83 | 94,64 195.37 ' 95 97 i ;
. Tace No. .2 Shot No. 3
Povday Typa | Film No. 1.2V 1.6V 1 2.00 | 2,47 | ®orce V i
[ Stardard | 891 54z 90 243 993|305 _I®F, .62 3
Test Powder | 890 509 651 805 953 1304  lAve. 2.Q. 94,84 2
P.G. er each|[Voltage Step 93.57 | 94,35 195,43 | 95.97 [ -
Teay Ho, 2 Shot Ho, &
Powder Type Film N, 1.2V 1.8V 1 2,0y 1 2.4V : ForceV ’
Standard 8073 548 662 1 843 .1_991 305 IR.¥. SERS I
sst Povder 294 514 Y 803 955 304  JAve. B.Q. 95,17 %
L. R.Q. st each|{Voltags Seep 93.80 | 94,52 195,85 | 96.37 -
Average R.Q. for all shots 95,26 % 95,06 % Avg. R.C. betwsan Zests 35 16 3
Avovige X.F. for all shote 39.24 % 99.56 X  awg. R.F. bLetusow Tests 59,45 %
Rangs of W.0Q, ET % .36 % R.Q. Rangs Betwesn Tevts 20 %
Riaas of R.F. 01 X 33 3 R.7. Raage Batwwen Tents  22-1
Touputer Jn R
Checked by _ VH -
Bupeswisow O MR
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black powder {(pass through #6 and retain uvn %7 sieve). For
finished grain and green g¢rain, the 607A Kistler (Sunstrand)

(70 kpsi range) is used with the usual 0.2 g/cm3 (40 gram) load-
ing. The general schematic of the system is depicher in

Figure 20.

)03

r l __. s N A/D — OMPUTER
S—] pe - .0{ COMP
- -
P W\‘
o= )

DATA RATE FOR 51
106 KHz 1,
GENERATOR J CONSECUTIVE POINTS

LOW PASS CUTOFF: 1TRFCF/2
A A
GAGE CABLE CHARGE
EFFFCT AMPLIFIER

Figure 20 Indiana Closed Bomb Instrumentaticn

The gage is calibrated hydraulically with a charge amplifier, as
in a system ogperation.

A HP-2114A computer with a nine bit (10 including sigyn) A/D
converter is usaed with a sample time of 0.1 ms. The highest con-
verter output is 511 (29-1). The program accepts a predetermined
firing segquence of three groups, each consisting of a reference
and three test firings.

Determination of RQ:

A unicue metnhod is used for RQ which is equivalent to a
trapezoidal integration of the linear portion of the pressure-
time trace. This is physically equivalent to an impulse calcu-
lztion. The low pressure region is monitored until the pressure
rise is fairly linear. After 10 kpsi threshold, the next 51
pressure readings are cumulatively added at 0.1 ms intervals.
This proceduvre is repeated for the same time intexrval for the
test propellant. RQ is taken as the retiov of these areas; RF is
the quotient of the highest converter ocutput. No derivatives are
calculated.




[§]
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A suggestion was made to use an internal standard determined by a
history of reference firings.

Table 13 lists raw converter output for a firing of DuPont
black powder., Figure 21 is a plot uf this data. If this is used
as a reference, and ccmpared with a firing of 0lin 689 Jet “iil
black powder woisture 0.09% (12-14, 71), starting from about the
came pressure level, the 51 points are sumed from 130 to 374 for
the DuPont data, and from 132 to 340 for the 0lin data. The RQ
and R¥ become:

RQ = 12391/14150 = 87.6% RF = 395/397 = 99.5%

The exponential decay curve after peak vressure for this data has
the form:

P(kpsi) = 7.05 exp(-2.318 tisec)) fcr 0 <t «£.065
with a correlation coefficient ¢f 0,998 fo- this 65 ms interval.
Table 13 Closed Bombk Black Powder Data

A-D Converter Pressure Closed Romb for
DuPont 111~-12 (F/P) Black Powder, Standard
Moisture (.26% (11-12-71) with 2.1 ms sampling.

10 34 g8 186 283 316 378 3982 336 3¢6
11 36 94 193 288 349 380 392 396 3%6
12 39 99 200 293 352 381 393 396 39¢
13 41 103 207 298 355 382 393 396 396
14 44 111 214 303 357 383 394 336 398

15 47 117 221 308 360 384 394 397 396
17 51 123 227 312 362 385 394 397 396
is a4 1306 224 337 364 386 395 396 39%¢
20 58 137 241 321 366 387 395 396 396
22 61 143 247 225 368 388 395 397 396
23 65 150 253 329 370 389 395 396 39¢
25 70 157 259 333 372 390 396 397 396
27 74 164 266 336 374 390 396 396 395
2 78 171 271 340 375 391 396 396 395

3 83 178 277 343 377 391 396 396 395
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Figure 21 Closed Bomb Blackpowder P-T Plot

{DuPont 111-12 Finished Black Powder,
Standard Moisture 0.26% 11-12-71.
Converter output vs number of data points.)

(Loading = 0.13 g/ce)

45




E. BALLISTIC RESEARCH LABORATORY

An 89 cmd impulse closed bomb (Model 601, Technoproducts) is
current:ly in use, and 200, 500, and 700 cm3 bombs are planned for
acquisition. An M52A3 electric primer is used directly over the
propellant fcr small arms powder. Other ignitors are planned for
the larger boibs. The overall schematic is pictured in Figure
22.

TELETYPE
ASR-33

| 50405~~~ __
—‘:rT_‘KISTLER A/D 4 COMPUTER
CHARGE —] PDF 11720
T _IAMPLIFIER 12 BT
L— A= 0.03 ms

TEKVRONE {
411 TERH,

VOLTAGE
CAL IBRATOR

Figure 22 BRL Closed Bomb Instrumentation

A 504A Kistler (Sunstrand) charge amplifier is used with a plug-
in filter A 20 kpsi peak pressure is generally reached with a
0.15 g/cm” loading density. The digitized data is stored om
tape. Sampling is done each 30 microseconds with about 1000
points taken. Efforts are being expended to consolidate both
data acquisition and reduction programs on the PDP 11/20 by using
machine lanquage for critical time portions and Fortran IV for
other program portions.

Data reduction differs according to using branches:

1) Dynamics: dp/dt is calculated by eleven point guadratic
polynomial fit. RQ and RF follow MIL-STD approach. Burning rate
calculations are also made.

2) DApplied Ballistics: Pressure is smoothed and differentiated
by fitting a cu?ic po}ynomial by 4 least squares fit:
P =a + bt + ctc + dt?. Another method is used for calculating
burning rate.

F. NAVAL ORDNANCE STATION (Indian Head, Md.)

RQ is determined exactly as in MIL-STD-286, Method 801.1,
with the 200 and 700 cm3 bombs. The gages are the four crystal
type in Figure 3, and stored in a dissicator at room temperature
when not in use. Gages are not calibrated prior to use, as the

equipment is not used to measure absolute pressure or rate.
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About three inches of open wire from the gage is connected to
about 30 feet of coax. ‘7The instrument panel is a Unidynamics
Model 2B (with oscilloscope, amplifiers, controls, series of
capacitors in the pressure rate amplifier to filter the pressure
rate data).

Procedure:

Propellant is cond%tioned for one day at 65 to 70°F. Load-
ing density is 0.2 g/cm® with a grain cut, if necessary, to
achieve weight to the nearest 0.1 milligram. An ignition squib
consists of 0.10 grams of PDuPont 700X (granular, smokeless)
powder wrapped in tissue with a nichrome wire. The main booster
charge consists of 1 gram of the same powder feor both bombs. The
schematic shown in Fiqure 23 is similar Lo Radford AAP:

L]

| eressure
————m . RATE ANP.
y C
() 7o
- 1 050
decade 5 r-—VTET_‘/\Y L .

"I CALIBRATION
SEQUENCE
crmeuiT CIRCUIT

[

by
(2 decades)

PRESSURE AMI-.
-

[ P REG. POWER: + 1500,-150,225,315V

Figure 23 NOS Closed Bomb Instrumentation

o

Loading procedure:

l. After gage installation, the propellant is placed in a
scoop, inserted into the bomb, and pushed with a stick in a pile
sloping downward from the gage.

2., One gram of DuPont 700X is placed in the scoop and a trail
made over the propellant length. A small pile of the ignitor is
made near the ignitor so it will be in contact with the squib
when inserted.

3. The firing head is inserted so the sguib assembly comes in
contact with the ignitor pile.

Operating procedure:

1. After a warmup shot, if a *test propellant is to be fired
against a reference, one or two shots of each is fired to obtain
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proper setcings for resistance, capacitance and filtering to
asgure the oscilloscope trace will occupy about 80 percent of
the scale and will be smooth. Initial values of R, Cyx and Cy
are based on past tests, but are changed if necessary. Same
settings are used for the test and reference firings. Table 14
lists RC values for various gun propellants.

Table 14 NOS Closed Bomb RC Circuit Values

Caliber Bomb Resistance Capacitance Hash Capac,
{Formulation) {cm3) R (K.) Cx (ﬁyf) Cy (Aff)
20MM (SPDN) 200 28 0.078 0.005
40MM (SPDN) 200 165 0.068 0.005
3*/50 (SPCG) 700 S0 0.072 0.021
5"/38 (SPD) 700 170 0.N64 0.021
5“/54 (M-26) 700 140 6.U8C 06.n21
5"/54 (NACO) 700 170 0.064 0.021

8 /55 (NACO) 700 325 0.065 0.021

8" /55 {NACO) 700 225 0.065 0.021

(lightweight gun)

2. Usually threa shots are fired (alternating, reference-
test). If one shot diverges greatly from the other two, a fourth
or fifth is fired. This usually occurs only with experimental
propelliants.

3. After the fire signal, the calibraticon grid in 0.25 volt
increnents is displayed on the oscilloscope by means of a step-
ping relay. Then the bomb is fired.

4, Polaroids are measured for RQ as in Method 801.1. For RF,
rather than using a line through the furthest portion (from the
dp/dt axis) of the descending trace, the value is used where the
descending trace intersects the 0.5 volt line for dp/dt. This
appears to give a more consistent force measurement.

An example RC, RF calculation is given for M6+2 propellant
for the 76émm made by Radford AAP and retested at NAVORDSTA in a
700 cm”® bomb at 0.2 g/cm?. Circuit values were: R=170 k.,
Cx=0.070 4f; CH=0.02141f. Propellant properties are listed:



referenced Test? Reference®  Testb
NC 87.22 87.69 Length (inch) 0.682 0.680
DNT 2.37 5,21 Diameter 0,289 0.783
DBT 3.42 3.10 Perf dia 0.031 0.0632
DPA 1.06 1.03 Innexr web n.049 0,047
K2504 2.00 2,08 Outer web 0.050 0.043
™v 1.62 1.66
H20 0.55 0.68 a Lot RAD-E33D
RS 1.07 0.98 b Lot RAD-L28

Typical oscilloscope traces of these firings are given in Fioure 24,

REFERENCE TEST

_L [ ;-Jr . —
I D U N N Y DO

0 (- N

) ) L, Ly e g '
5o 75 % 0 S0 2 g =l ity Zpy
Pressure Preasueo,
TencE of RAD-E33D TrnoT TRAcg or RADEZE T

Figure 24 NOS Closed Bocnab Plots
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Table 15 lists the RQ, RF calculations for the test firing of
lot RAD-E38. Also for the sake of illustration, instead of
finding the average dp/dt at each pressure voltage reference,
the three intermediate RQs and RFs are calculated as done by
Radford. Note that the final RQ and RF are almost the same.
The Radford method in this case shows a larger range for RQ.

Takle 15 RO, RF Calculations for RAD-E38
Propellant REF TEST REF TEST REF TEST
Sequence 1 2 3 4 5 6
dp/dt walues
at
0.50 v 0.813 0.875 0.838 0.863 0.325 0.813
0.75 v 1.138 1.188 1.150 1.200 1.163 1.175
1.00 v 1.450 1.525 1.450 1.500 1.475 1.500
1.25 v 1.788 1.875 1.788 1.800 1.800 1.850
Max pressure 1.70C 1.713 1.713 1.725 1.738 1.725
Average dp/dt at Reference Test
0.50 volts 0.825333 0.850333
0.75 1.150333 1.187667
1.00 1.458333 1.508333
1.25 1.792000 1.841667
Average max pressure: 1.717000 1.721000
MIL 3TD (NAVORDSTAY Method RADFORD Method
RQ at: RQ for each firing pair:
0.50 v 103.0291 RQ RF
0.75 v 103.2455 1. 105.5145 100.7647
1.00 v 103.4286 2. 102.8626 100.7005
1.25 v 102.7716 3. 101.0125 99.2520
RQ| 103.1187 RQ 1103.1299
RF | 100.2330 RF | 100.2391

A computer is not used to calculate RQ. For interior ballisitics
calculations, burn rate measuwrements are derived from closed bomb
data by vse of the following expression for a specific pressure
range, and implies the ne=d for absclute pressuvre calibration:

V dp/dt
dx/4dt = =
S [@RT (me-1) PJ

BpN

M = covolume
= pvopellant density

3

= proj ellant gas temperature
= purning surface areca
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It was reported that best results occurred by fitting a floating
polynomial to five selectable neighboring points by a least
sguares method. 1If the five points are nearest neighbors, and
the sample time is short, fluctuations in the derivative are to

be expected.

I1. AUTOCAP LOTS J-W Single Base M1 Propellant Firings
A. Auvtocap Prepellant and Ballistic Firings:

To ballisitically determine the effect of out of specifica-
tion propellant production, seven perforation single base propel-
lant for the M4A2 charge (155mm, M126 howitzer) was manufactured
to the following variations: (See Table 16)

LOTS Y@RIABLE

J, K, L Length of grain: J about 0.2" long, and L
about 1 inch.

M, N Six outer perf hole location. Near center
for M,

(v,Q,R,S),(T,U,V,W) Low K2S04; High K2S04

- (P,R,T,V),(Q,5,U,W) Low moisture; High moisture
(R,S,V,W), (rP,Q,T,U) Smaller; larger diameter grain (Same

length to diameter ratio).

These 13 lots were fired with four shots each at both zone 5
and 7, together with 2 more lots formed by a 30-70% mixture of J
and L, and a 13-28-59% mixture of J, K, and L. Ballistic
results are yiven in Table 17.

The standard deviation for the muzzle velocities (also peak
chamber pressure) decreased for the mixture lots of J, K, L for
zone 7 (not for zone 5). This occurrence prompted the manufac-
ture of another batch of long grain designated as the LL lot.

A mixture ¢f J, K, and ILL had 16 firings at zone 7 and 12 at zone
5. The results were disappointing as the velocity standard de-
viation was high for zone 7, though somewhat lower for zone 5.
Some uncertainty remains in the JKLL firings since the three 100
1b propellant cans shipped to APG were not mixed prior to loading,
and a question remains on the grain distribution homogeneity in
the prop charges.

It should be noted that the mean muzzle velocities of the
reference firings for lots J through N, and *he JKLL firings were
higher than those for the P through W firings; and this might be
attributable to the warmer season of the year at firing time:




Laboratory Analysis of MIMP AUTOCAP Propellant
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Firings of Autocap M1 Propellant Lots J-N:

~ Lot
Ret
. |
3 ! AV )
s sD
¢ J
?
7
. AV
K SD
9
3 K

JKI.

Table 17
Ballistic
Zone 5
1274 (15.15)
1253 (13.¥5)
1250 (13.6)
1264 (14.45)
RV Y FR I
10.96( 0.69)
1270 (15.1)
1252 (13.9)
1255  (14.0)
1243 (13.45)
11.23( 0.70)
1263 (14.75)
1253 (13.95)
1241 (13.4)
1254 (14.0)
; Nk
9.03( 0.55)
1259  (14.4)
1234 (13.0)
1243 (13.4)
1251 (13.85)

10.72( 0.€0)

1256 (14.4)
1236 (15.05)
1232 (13.0)
1240 (13.35)
20 (137385
10.52( 0.65)
1253 (14.1)
1242 (13.50)
1224 (13.0)
1230 (13.25)

Rl A I A NN

12.89¢ 2.%6)

%“one 7
1872 (38.7})
1864 {37.4)
1868 (32.95)
{38.45)

1873
T U8.11( 0.57;

1896 (41.85)
1385 (40.2)
1902 {43.0)
1831 (404%%%
18535 (41,
7.23( 1.21)
1850 {36.2)
1864 (37.6)
1864 (37.75)
1870 (38.55)

8.48( 0.98)

1838 {34.8)
18423 {34.6)
1839 (34.6)
1835 (33.85)
. Y
3.30( 0.42)
1847 (35.5)
1843 (35.05)
1844 (34.85)
1847 (34.5)
T845.3 (34.98)
2.06( 0.42)
1846 (35.5)
1846 (35.45)
1847 (35.1)
1848  (35,195)
Y8367 (35.3)
0.9€( 0.,20)

Baliistic Firings of MIMP AUTOCAP Propellant

ot Zone_ 5 Zone 7
L 1242 (14.2) 1852 (35.55)
1215 {13.2) 1842 {34.95)
1237 (13.85) 1847 (35.7)
1230 (13.75) 1846 (35.35)
TZI0.0 TI3°7S) . 5.
12.75( 0.41) 3.74( 0.33)
N 1252 (14.9} 1860 136.55)
1237 (13.3) 1857  (35.85)
1260 (14.2) 1850 (35.8)
1253 (13,95} 1856 (36.0
50, . 18557 .
9.68( €.39) 4.19( 0.34)
Ref 1255 (12.6) 1875 (37.8)
1258 (12.3) 1870 \37.0})
1241 (13.4) 1863 (37.2)
1251 (13.4) 1876 38.7)
AV . . . .
SD 7.41( 0.39) 4.65( 0.76)
JKLL 1225  (12.6) 1844 (34.8)
1225 (12.6) 1841 (34.4)
1236 (13.0) i851 (35.0)
1249 (13.3) 1851 (35.4)
1241 {13.2) 1848 (35.6)
l23e (13.0) 1857 (36.6)
1236 (12.8) 1848 (35.6)
1241 (13.0) %850 (35.2)
1236 (13.0) 1867 (47.9)
1237 (12.9) 1849 (35.8)
1238 (13.3) 1857  (3€.7)
1242 (13.2) 1846 (34.2)
AV . . 1840 (34.4)
SD 6.72( 6.22) 1869 {37.7)
1848 (34.8)
1862 (36.4)
TREY.T (35.¢6)

8.53( 1.13)

Fraference propellant RAD 68308.
zone 7 CW - 212,4 o2,
Zone 5 Cw - 112,.8 oz.

Velocity in fps.

valuss in parentheses are peak kpsi chamber pressure.
Average and standard deviation are given for each

set of firings.
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Lot

Ref

AY

151

SD

palligtic Fir’ngs of Au

Zone 5

1254 {13.6)
1350 {13.85)
1233 (13.45)
4253 {13.85)

9.8 ( 0.20)

1181 (21.75)

11/4 {11.55)

1166 {11.35}

1186 (11.65)
3+ 8

8.7 ¢ 0.17)
1143 (11.00;
1154  (11.05)

1156 (11.10)
1147 (10.85)

4.7 ( 0.05)

1313 (17.25)
1309 {16.8)
1312 (17.2)
1315 (17.0)
I317.

2.5 { 2.21)
1310 (17.6)

1321 (17.5)
1317 (18.05)

1311 (16.55)

5.2 ( 0.45)

Table 17 {(Continued]

tocap Ml Propel lant Lots P~Ws

Zone 7

1861 {37.2)
1853 {36.05)
1358 (37.7)
1850 {35.9)

4.93( 7.88)

1814 {31.3)
1830 {32.55)
18721 {32.15)
1831 {33.65)

. 32.6
7.85( 1.14)

1743 (28.1)
1773 {28.8)
1776 (29.15)
1780 129.9)

7.26( 0.75)

1936  (49.9)
194 {49.8)
1957 (50.25)
1938  (3v.15)

1338.7

2.5 ( 0.21)

1926 (48.73)
1022 (48.5)
1939 (50.7;
1931 {49.75)

7.0 ( 1.0

Lot

T

Zone 5

1174 (11.65)
1167 (11.35)
1177 (11.85)
1162 (11.1)
X790 .

6.8 ( 0.33)

1211 (10.15)
1698  ( 9.90)
1093 ( 9.90)
1124 (10.5)

T3 A
13.9 { 0.29)

1298 {16.7)
- {(16.5)
1301 {16:65)
1297 {16.3)

2.0 ( 0.18)
1275  (15.2)
1271 (15.4}
1274  (15.45)
1274 (15.3)

1.7 ( 0.11)

zone 7

1798 (31.85)
1803 (32.1)
1813 (32.6)
1807 _ {32.45)

. 32.
6.34( 0.38)

1719 {26.2}
17409 {25.8)
1720 {26.1)
{727 {26.6}

. 6.
7.4 ( 0.33)
1915 (48.35)

1917 (47.3)
1918 (49.05)

1918 (495.4)

1.1 ( 0.93)

1886 (41.95)
1883 (43.85)
1884 (43.4)
1880 (43.4)

2.5 ( 0.32)
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JKLL May 1975

Therefore in Table 18, and for all further comparisons, the mean
reference vnlocities are made egual to 1855.5 and 1247.5 (zone 7
and b respectively) from the P through W lots. The mean reference
velocities for the othor firings are adjusted to these values.

For example, the velocity difference is (1855.5-1869.31 = a de-
crease of 13.8 fps for zone 7 for lots J through N. A similar
procedure is used for peak breech pressure.

B. CLOSED 30MB FIRINGS OF LOTS J through W

As noted in the serntion on Radford AAP3 six firings of each
production lot were conducted in the 192 cmn® bomb at 0.2 g/cm3
loading. Because the progcamming sofiware oroduced a bias effect
on the RQ computer computation when a 0.1 milliseccnd sample rate
on the pressure signal was used, all firings were repeated at 0.2
ms s-mple interval.

The pressure data for this second series is given in Appendix
B, where the reported RC smooth pressure data is given to an
accuracy of about %0 psi for 152 recoxrds of 90 points each (the
33 points beyond peak pressure were omitted in #his listing).
Radford storagez records have 123 points/firing, and the 90th point
was already beyond peak pressure.

Since the voltage calibration signai prior to each firing
was not available, the given data was unsmocthed by the Radford RC
algorithm: P; = (4 Pj - Pl 1)/3 (bar refers to RC smooth data)
preliminary to other numerical methods of analy51s, an? 8, 12, 16,
and 20 kpsi were used as reference pressure points for RO calhu—
lation. (The six heradecimal records had indicated these four
velues were reasonable ones to use).

EFicure 25 to 30 are Radtord closed bomb firings plotted for
each lot configquration. ‘‘he six closed bomb firings are plotted
together with the same scaling from points 16 to 71 from the 123
point records available. Also each group cf 6 firings was
displaced exactly one inch vert.cally on the orlqlnal graph (4
psi/microsecond) from one anotner for direct comparison. The
graphg are self explanatory. All the Radford data (0.2 ms sample
time) are plotted for two numerical methods used on the raw pres-
sure data:

a) Radford RC method:;
b) 9 point cubic least square fit,

The difference between the two methods is evident from shift

of prak on the plots, deteils in early ignition phase (at least
for single base propellant), and tt- high pressure finite slope.
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FPigure 31 to 36 are picatinny firings, which were three per
lot and are graphed in the same manner as Radford's. The sanmple
rate was 0.096 ms, and the data was plotted from BOO psi to 98% of
peak pressure for each firing. Tnhree numerical methods were used:

a) 19 peint cubic ieast sqguare fit;
b) 9 point cubic least square fit {ondd points only);
c) 9 point cubic least square fit (all points).

It is evident m2thods a) and b) give similar resuvlts indicating
tha+ a 0.2 sample period vculd be tolerable. However, the 9 point
fit for all points most probably introduces unwantéd numerical
flvctuations.,

C. CORRELATION OF BALLISTICS AND CLOGSED BOMB

C.1 Plots

There were several methods used to analyze the closed bomb
data from both Radford and Picatinny, with most of the results
r2ferring to Radford data. For RQ type calculat:ion, the follow-
ing pressure intervals were used:

DP/DT points Pressure Range Pressure Interval
(kpsi) (kpsi)
8-20

4 4 (MIL-STD type)
14 8-~20 1
12 4-~28 2
22 ) 4-28 1

dP/dt

RG, AQ, and RQA were calculated for each test record by each of
the above approaches where:
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M N o)
3 (100 Ty 5
RQ (percent) = g S J
i=1 3=1 Rij
\
YR
AQ (wsi/microsecond) = g 5o
3 ~
i=1)  §=1

i refers to the number of {irings, maximum is M.
j refers to *the number of data peoints per firing, maximam is N.
Tjj and Rij refer to dp/dt values for test and reference propellent

AQ 1s absolute quickness, and does not use referance propellant
data. It is somewhat like RQ in that it is a crude integration

of the dp/d4dt vs p plot. AQ numerically represents a crude average
dp/dt over the pressure range considered.

RQA has the sane definition as R except with Rij replaced by ﬁ;:

M

R. .. 1 R..
3= N zi 1j
i=

RQA is the RQ by averaged reference firings where the reference
propellant firina .p/dt values at a specific pressure were
averaged before this mean was used to divide into the respective
test propellant fiiing dp/dt values at that specific pressure.
Also the following additional values were calculated for each
pertinent record:

|3
MAX
“/f (dpsdt) 4arp
1. Area under closed i..mb curve: AREA (kpsiz/ms) = 9
0.9p.P..
2. Area under p vs t curve: "IMPULSE" (psi-sec) = \//f ‘P) dt
0.1P.P,
T
% { PMAXL
3. Relative force: RF = L%Q ;zi ﬁ
i=1) PMAXIi

"

S =1
4. Absolute force: AF Tl PMAX i

A=

where Tpmax j and Rpmax i are maxiium pressure for tesi and refer-
ence propellarnt Tor ith firing.
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A typical calculation of RQ and RF is illustrated for a
series of 6 firings (i = 3 and j = 4), with the use of metric
units {megapascals for pressure, and megapascals/millisecond for
dp/dti. (One megapascal equals 145.037 pounds per square inch).

' .
RQ for lst firings = ;%2 %5 osg '

21.264 . 28.717 . 35.694]
31167 * 7857770 * 35T0es T 101.270

L 100 [15.382
RQ for 2nd firings = ~3~ \ 14,345 +

21,381 28,841 35.763)
Z1.1T7% + 77896 t 35.370) = 102.273

RQ for 3rd firings = TlOO ( ié:g(—)lg +

20.988 28.544 35.639 ‘

70,871 * 27.600 * 35.177) = 101.440
The above values are averaged to ob-
tain the mean relative quickness,

RQ = 101.66. The RQ range is 1.00.

The standard deviation is 0.54.

RF for 1lst firings = 100 (i“z'ggg = 102.989
IF for 2nd firings = 100 (504'§2Q)= 102.583

RF for 3rd firings = 100 (§83'634 = 102.559

The mean relative force becomes,
R¥ = 102.71. The RF range is
0.43. The standard deviation is
0.24,

All the above were done after treating the unsmoothed data by

both the RAD RC and the 9 point cubic fit method. 1In thie approach,
each series of six tests firings vyielded 4x3x4x2 = 96 numer‘cal
characterizations. Also the mean and standard deviation were
cbtained for all records in each lot. (Much of this data is in
computer printout listing from tables 22 to 54.)



To relate to ballistics, the mean howitzer velocities and
peak chamber pressure for zones 5 and 7 were used and are listed
in Table 19.

Table 19 "ZONE 7 AND 5 MEAN VELOCITY AND PEAK PRESSURE

LOoT V7{FPS) V5 (FPS) PP7(KPSI) PP5(KPSI)
J 1879.7 1242.2 40.06 13.54
K 1848.2 1240.0 36.09 13.46
. L 1825.0 1234.0 32,02 13.09
F JL 1831.5 1228.2 33.54 12.88
r JKL 1832.9 1224.5 33.86 12,96
‘ JKLL 1835.5 1233.2 34.69 13.11
i M 1833.2 1217.2 33.95 13.12
i N 1842.0 1237.7 34.61 13.29
! P 1224.5 1176.8 32.66 11.58
ﬁ Q 1773.0 1148.5 28.99 11.00
f R 1938.3 1312.3 50.03 17.06
! S 1929.8 1314.8 49.43 17.53
’ T 1805.3 1170.0 32.25 11.49
U 1718.8 1106.5 26.18 10.11
\" 1917.0 1298.7 48.53 16.54
W 1883.3 1273.5 43.68 15.34
F o, A simple linear regression fit was used for the data for the

following lot selections:

All lots.

Lots R, V excluded (energetic lots).

Lots RVQU excluded (most and least energeticj.

Lots RVQUPT excluded (most energetic and larger grain).

Lots JKLPQSTUW only (lot mixtures, web variations, energetic
lots exciuded).

Gt
U W =
P e & @

=)

All lots (log fit).

A linear regression line is plotted for all lots, and the
corresponding correlation coefficient R is listed. (The coeffic-
ient of determination is R sqguared.)

e

{ For example, if the area under the dp,/dt vs p curve were cal-
' culated for all lots, with a 9 point cubic fit, the regression
equation for zone 7 velocity becomes. (See Table 28).
: ‘é [VEL? = 1518.6 + 3.504 i]with a4 correlation coefficient R =
ﬁ - 0.938, where X is the mean area for
E_“ the lot,

X = 94,52 for lot J. Thus feor lot J:

lVEL7 (for lot J) = 1849.8,] which is 30 fps below the reported
mean for lot J (1879.7).
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In the computer printouts, expressions as (J-K-L) refer to
reference lot 68308 fired for 1lots J, K, and L. (JL-JKL} was
fired for mixture lots JL and JKL.

Linear regression equations were calculated for peak gun
pressure, but these correlations were poor as expected, and are
listed only in Tables 27, 28 and 31l. Correlation of ballistics
with British Vivacity (involving dp/dt/p ratio) was poor and is
not even reported.

Table 20 lists several of these equations, with a few two
dependent variable ones. In deriving these equations, the un-
smoothed closed bomb data was smoothed and differentiated with
the 9 point cubic fit. Specific AQ, RQ, AF, RF, and AREA values
can be obtained from appropriate computer listings.

Figure 37: This summary SCATTER PLOT plots all Lallistic
data (corrected velocities) and RQ as prescribed in MIL-STD with
the RAD RC method. The intersections occur through the mesn of
the RO and cof the muzzle velocities for any particular lot.
These RQ values are practically identical to those reported by
Radford.

Figure 38: This SCATTER PLOT follows the same plot pattern
as Figure 37, but the abscissa is the absolute quickness (no
reference propellant firings).

Table 20
Sevaeral Linear Regression Equations for Closed Bomb-
Ballistic Firings of AUTOCAP M1 Propelliant Lots J-W.
{155mm, M126, M4A2 charge)

ALL LOTS CONSIDERED:

Zone 5 Zone 7
v=880.0+99.2 AQ 0.930 | v=1496.2+499.11 AQ 0.945
V=114.1 AQ~18.22 AF+1367 0.942 V=97,85 AQ+1.51i AF+1456 0,944
Vv=832.6+4.02 RO 0.961 V=146%.6+3.84 RQ 0.933
V=4.252 RQ~2.737 RF+1084 0.961 v=3.703 RQ+1.638 RF+1317 0.931
V=905.2+3.473 AREA 0.915 Vv=1518.6+3.504 AREA 0.938

ALL LOTS CONSIDERED (log fit):

V=781.0+359.,0 1n AQ 0.951 V=1400.1+356.7 1n AQ 0.960
U=-495.9+376.5 1ln RQ 0.961 V=203.2+358.5 I'n RD 0.929

LOTS R and V CMITTED:

V=753.3+137.9 AQ 0.970 Vv=13¢9.+128.93 AQ 0,960
V==140.8 AQ~6.44 AF+223.6 0.971 V=122.6 AQ+13.44 AF+1024. 0,968
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Table 20 (Cont'd)

V=791.1+4.48 RQ 0.957 V=1454,74+3.97 RQ 0.899
=4.956 PQ-4.766 RF+1221. 0.962 V=3,852 RQ+1,157 RF+1351. 0,89¢
V=763.+5.121 AREA 0.965 | V=1402.6+4.8459 ARFA 0.967

V - muzzle velocity (fps)
R - correlation coefficient
AQ, AF - absolute quickness, force (psi/microsec, kpsi)
RO, RF - relative quickness, force {(percent)
V represents the mean of four firings:
AQ, AF, RQ, and RF represent the mean of six firings.
AREA under dp/dt vs p curve. -
The nine-point least squares smocthing-~derivative was used
with AQ calculated from 4-28 kpsi ( Ap=2 kpsi), and RQ from 8-20
kpsi (Ap=4 kpsi).

In the folinwing figures, o ly the mean values are plotted: @
refers to zone " ; and + refers to zone 5 with a linear regression
line plotted for all iots in ea:h zone, and the correlation co-
efficient R.

Figure 39: AREA of DP/DT vs P: Alsc plotted in open rectan-
gles 1s Picatirnny data. There is close correlation between Pica-
tinny and Radford data except for lots J, K, and L {(Picatinny fir-
ing 9/23/74) where mechanical difficulty was experienced with the
particular Picatinny pressure gage. Other Picatinny firings
(11,713/74) show better correlation, but firings K1 and K2 {lot K)
used as reference for lots P-W still stand high in regard to the
Radford K value even thougi a trouble free gage was used,

Figure 49: RELATIVE FORCE. Poor correlation, as expected.

Figure 41: ABSOLUTE FORTE. Poor correlation erists if the
larger size grains P, Q, T, U0 are included. However, the remain-
ing lots show much better correlation, and whether the result al-

1ys occurs by omitting reference firings is conjecture.

Pigure 42: "IMPULSE". Poor correlation exists ror zone 7
Gomd ML i . .
by usirg p-t area from 10 to 99% oi peak pressure, with some im-
provem:. . for zone 5. Practically the same plot occurred for 25

to 75% o peak c¢losed bomb pressure.

Some trends be.w2en cleosed bomb and ballistics indicatved by
various 13 ard AQ approaches are illustrated in Figures 43 to 49.

Th2 overz1l results are not too strikinag, but ror the data

vsaed, show the favorable aspocts of AQ and least sc wares fit of
pressurce data.
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Figure 43: Qg (Rad RC, 8~20 kpsi, & p=4). This figure plcts
Lhe mean vaiues of Figure 37, and RQ is that calculated by MIL-
STD. Poor clustering occurs around the 100% RQ region, where the
lats were principally mixture and geometry changes.

Figure 44: RQ (9 point Cubic fit; 8-20 kpsi; 4 p=4). This
ha the sane grnphing as F. ‘xe 43 but the 9 point fit has the

s d

Figure 45: RQ (Rad RC; 4-28 kpsi,Ap=2). This is similar

—

to Figare 43, with little difference resulting by merely extending
the presgsure range.

igure 46: RQ (9 point Cupic fit; 4-28; Ap=2). Again, just
stretching occurs with a 9 peint fit.

Pigure 47: AQ (9 point Cubic fit; 8-20; Ap=4). itretching
>£ dat™ o curs. Use of RAD RC method in this region caused ex-
sess ¢ . usitering in the central region,

Plgurw 48: AQ (Rad RC, 4-28 kpsi,a p=2). This pressure

e e+

ange with AQ causes bettevr branching out of data.

gigur@ 49: AG (9 point Cubic fit; 4-28 kpsi,a p=2). Results
are similar to Fiqure 449, thouqh the 9 point method places lot =
further from a linear regression line. The plot is identical to
Figure 38 except for a change in zone 7 scaling.
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C.2 Computer Printout Tables

In an attempt to condense the selected tables listed, Table
21 lists the linear correlation coefficient R fer the various
mean closed bomb derived values for various lots for:

l. Zone 5 and 7;

2. Using RAD RC and 9 point cubic least square fit;

3. Using all lots, R and V excluded, or mixture and geometry
variation lots excluded.

It is not physically meaningful to just ccrrelate closed bomdb data
‘one loading density) to two different gun firing zones, but the
statistical results are listed for information.

Ccefficient values in excess of 0.98 are circled. A detailed
definition of various terms in these tables has already been
given. A table titled: AQ (RC, 4-28, 2) means ballistic corre~
lation with AQ (absolute quickness) when the Radford RC method is
used on the raw data, and dp/dt values are taken from 4 to 28 kpsi
at each 2 kpsi increment for calculating the AQ.

The tables are self-explanatory. The 8 columns refer to
values for the six separate firings, and to the mean and standard
deviation. Lot letters in parenthesis refer to the reference
lot fired for these test lots. The use of the linear regression
equations is given in Section C.1l.

Another indication of variation introduced by use of refer-
ence propellant closed bomb firings is shown in Tables 35, 36,
47, 48 wnere each of the 8 sets of reference firings of 6 firings
each were vied with caclh cther in an RQ calculation, and displayed
in a 6x€ matrix for each set. This RQ calculation is:

N
100 R;
RQ; x = N~ 2 iLj
Rk,j

L i=1

where i k = M= 6 sets of firings in this case.

N 4, 14, 12, or 22 data points depending on the
method of RQ calculation used in this report.

In Table 35 this shows a variation up to 3% in RQ due to
variability within some sets of 6 reference firings. When a
larger pressure range is used for RQ (Table 47) this variation
goes 1p to about 5% (about 10% for LL-JKLL).

The last set of Tables (55 to 63) list results for Picatinny
closed bomb firings. Only three firings of each lot (none of M,
N, LL, or mixture lots) were done, and some mechanical difficulty
in the pressure gage existed in regard tu firings of lots J, K, L.
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Despite this, to obtain some indication of ballistic correspon-
dence, lot K was used as reference for J and L firings, and K1 for
lots R, S, V, W and K2 for lots P, Q, T, U. (K1 and K2 are lot K
fired with troublesome free gage). It is understood that
one~to-one correspondence with Radford results is not expected.
The original data on which all these results are based is listed
in Appendix B.

Table 21
Correlation Coefficients for Radford Closed Bomb-Ballistic data
ALL LOTS EXCLUDE R,V ONLY JKLPQSTUW
Pressure Zone

Range RC ¢ RC ¢ RC ¢
ALY AREA 7 .946 .938 972 .987 (989 %_T;@
(DP/DT, P) 5 .919 .915 .960 .965 971 .977
8-20 AQ 7 .944  .937 .919  .910 .963 .952
D p=4 5 969 .964 .973  .973 999 (98D
RQ 7 943 .933 .915 .899 952 .911

5 .969 .961 .966 .957 .980 .972

8-20 AQ 7 .944 ".937 .918 .910 .964 .956
A P=1 5 .968 .964 .970 .97l 990) 98®)
RQ 7 .941 .934 .912 .90l .953  .944

5 .967 .962 .963 .958 .978  .973

4-28 AQ 7 .956  .945 .955  .960 7981) (935
AP=2 5 .953  .930 .975 .970 985’ (98
RQ 7 .941 .928 .912  .890 .945 .,928

5 .958 .939 .949  .922 .957 .932
4-28 AQ 7 .954 . 945 .949  .957 977 (7983)
A P=1 5 .958 .935 .978  .973 987 985
RQ 7 .941  .929 .912  .892 946,930

5 .961  .944 .954  .930 .963  .939

AF 7 .625 .625 .408 .408 .485 485

5 .478  .478 .215  .215 .332  .332

RF 7 626 .629 L602 604 .630  .631

5 .564  .566 .527  .528 .524 523

PT AREA 7 -.889 -.881 -.848 -.839 -.903 -,900

(.1-.9 PP) 5 -.944 -.942 ~.925 -.922 ~.945 -,946
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TABLE 22. RADFORD REPORTED RQ. (!BM CILTERED)

1 2 3 4 5 6 AV SO

J 101+31 10159 161,87 101,89 101-19 102.06 101,65 235

K 100637 101420 101423 101420 99 77 100.22 100.66A .63

L 100.79 99.58 101477 101400 100.06 100.60 100463 .76

JL 99.72 100.00 10015 101,07 99.83 101.V4 100430 .60

UKL  9%¢23 99.79 100,36 99.59 99.81 101,97 99,98 065

JKLL 10136 96060 97,51 98,35 96420 10077 98,43 2419

, M 96.96 99.52 06,22 101.05 97.82 99.U8 98 494 1642
N 101¢3]1 102494 101479 101470 10167 10167 101485 « 56

P R9.08 90.80 90.50 9l.43 9023 AB.OO 30410 1.08

Q 80.76 T9.643 R1.60 Ri00 8070 7954 R0 .51 « 85

i R 119617 119.92 118442 117,04 118.23 121.U) 118.96 139
| S 109.41 109.03 109.31 106,97 106445 110,44 108.60 155
g T B7.08 86496 RAT,21 R854 B86.03 86497 87.13 81
| U 7289 7230 73.23 74406 73.32 73.37 73.19 .58
; V 114693 115,80 115,90 118475 119,19 114444 116,50 1.99
; W 10255 103,09 101,05 104,51 106410 102.50 103730 1,77
LL 99.18 96422 96,10 97,13 95.94 99,81 OT,.40 1.69

E TABLE 23. RADFORD REPORTED RQ. (1BL POLAROID)

z 4 1 2 3 4 5 6 AY SD

J 100.83 101,40 100.87 101.63 100,00 101,03 100496 «56

K 99.83 100,56 100479 102.26 99.92 100,26 10060 « 89

L 100.28 100+42 100463 101.07 99097 99.86 100.37 s 44

JL 99,45 99.45 99.88 10121 99088 100499 100.14 o 77

JKL 99.88 99.88 99.68 100,06 99.65 100.56 9995 32

JKLL 100.76 9732 938451 98,51 96448 99.86 98457 1.57

M 98,06 99:¢54 99.75 100.43 9879 10C+51 99,51 95

N 101.31 102.82 102.05 101435 101.89 101.64 101.84 56

P B89.12 90,64 9049 91.29 9069 B9.48 90.28 .82

Q B81.83 80.57 82.31 B82.07 8l1.15 80.57 B8le.42 « 16

f S 109.24 108.70 109.21 107.24 10589 110.60 108.48 1.67

T A7.55 B87.54 88.18 88,01 87.18 B8.19 BT7.78 ol

U Téel7 7370 T3.70 7T4.68 7448 T4sBl T4.26 «48

3 V 113.69 114.87 113.27 116.93 11726 114419 115.04 1.69

W 101.06 102.88 100.584 103.36 105.28 102.88 102.72 1.63

- LL 99.26 96449 96,18 97,47 96407 99.43 97.48 1.53
i
}
:
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Table 24 Radford Reported RF (SY7)

RELATIVE FORCE

1 2 3 ‘ 5 6 AV SO
J 102499 102.58 102,56 101,31 101.74 102.50 102.28 «62
K 10096 100.51 100.52 99,69 99,69 100,69 100.34 «53
L 10099 99,98 99,52 99,89 99,50 99,97 99,97 =10
JL 100.45 99,79 Q9,68 100,97 99,92 lOOQéa 100.18 a7
JKL 100,86 99,66 498,74 99,56 99,75 100,81 99,89 «81
JEKLL 100445 69,59 06,28 99,86 99,42 99,36 99,66 blb
M 100.60 101,43 100,03 100,40 10037 101434 100,69 «57
N 101.91 101,78 100,30 100,84 102.11 101-9? 101.43 « 70
P 99,98 101.59 170451 100.91 99467 101,87 100,75 «87
Q 99,82 99.77 G8.60 100,14 99,70 99,79 9,64 «53
R 102.19 103,42 102.69 1Nn2.53 10209 104,43 102,89 «89
S 99,29 101.13 ©9,81 100,30 98.90 102.37 100.30 l.28
T 98427 99,32 98433 07,87 97.64 98,55 98,33 «59
U 94,30 96,03 94415 095,62 94,16 96.24 95,08 +98
V 99,58 8Q,40 9B.45 99,16 10156 99,40 99,59 le04
W 98.85 97,54 97407 9b¢8S 10003 97.52 97.97 1.22
LL 99451 98452 97.61 98,3% 99,11 99,04 98,69 o 67
VELT = =~131.972 ¢ 19.7805 X, R= ,629 ALL LOTS.
VELT = 108.444 17.2888 X, R= ,604 EXCLUDE LOTS Ry,
VELT = 1426.,008 » 462003 X, = o146 EXCLUDE LOTS ReVeQsU,
VELT = 1912.823 ~-.5855 X, ==4020 EXCLUDE LOTS ReVeQesUsPyT,
VELT = ~B6e9L2 ¢ 19,3029 Xo¢ R= o631 INCLUDE LOTS JsKoeLoPsQoeSsToUsW
VEL7?T = =T7187,858 +1961.75R85 X, = o630 ALL LOTS LOG FIT,
VELS = =SB1.370 & 18,1111 X, R= ,566 ALL LOTS,
VELS = «378.083 + 15,9949 X, = o528 EXCLUNE 1.OYS RsV,
VELS = 1069,149 1.6328 x, = o051 EXCLUDE LOTS ResVeGQeU,
VELS = 1856,803 +«+ ~6,1060 X, ==4239 EACLUDF LOTS HeVeQoUePoT,
VELS = =649,50% » 16,7120 X, R= 5223 INCLUDF LOTS JsKaloPsQoeSyTolUsh
VELS = =7055.392 +1792,1512 X, R= ,568 ALL L0OTS LOG FiT.

Table 25 Radford Reported RF (IBI, Polaroid)

RADFORD REPORTED RF, (I8L-POLAROID)

1 2 3 4 S 6 AV SD

J 102,76 102.72 102.05 102.91 102.09 102.74 102.39 39

K 100.66 100.00 100,70 99.29 99.35 101.37 100.23 .83

L 101.38 100.00 99,3% 100,00 99,35 100.7Y 100.13 19

JL 100471 100.00 100,00 100.70 100,00 100.6% 100434 «38

JKL 101,37 100.00 99,30 99.3% 100.00 101.36 100.23 «93

JEKLL 10138 99.29 1990.00 100.00 99.3% 99,35 99,89 .80

M 100.70 101.35 100,00 100.00 100400 101435 100.57 56

N 102.05 102.05 100,69 160.69 10134 102.05 101.48 o 67

P 100.00 101434 100.66 100469 16¢.0G0 10132 100.67 60

Q 99.31 100.00 98,69 100.00 100,00 100,006 99,67 -55

R 102+.u3 103.97 102.61 103,32 10263 104,00 103.19 67

S 99,37 100.64 100,00 100.00 99+37 102.03 100.24% 1.00

T 9B.00 98.66 98B.66 98.03 98.03 97.99 098,23 «33

U 93,38 96,00 94,09 96.01 94+70 96.03 94,04 115

V 9B8.67 99,37 99,37 99,37 10133 99,32 99,57 «30

W 99,36 98,05 97,37 96,74 100.00 97.39 98.1% 1.27

LL 100,00 98.64 97,93 98,64 99.73% 99,35 98,94 .73
93

T e - T WY e VTR - e g -
- L2 EY bl MY A e WM . ~



ST TR A

TABLE 26. PEAK PRESSURE (KPS1) (3 pt)

1 2 3 4 ) (¢} AV SD
J 29.40 2966 29.H2 29,43 2963 29496 2945% olb
K PH.B2 29006 29423 2v.96 29.03 29.04 29,07 o lu
: L PH.R3 2891 20,94 29.07 PHeGT 2HWB3  PH9C .08

; Ul 2R.94 29408 20 .26 ?PY.40 25,09 P9.06 PY9.l4 W16

5 UKL 29,06 29.04 2B.98 29200 29404 29,20 2905 L0

i JKLL 2R.56 28459 28,60 29,75 2477 2B.15 2B.HA 209

| M 29,07 29e34 29,279 PY.39 291V 29.38  P9.2* 13

¢ N 29.65 2944 29.37 29452 29470 P46  PYe4aY o1l

; P 26,58 30619 30.05 3Ue25 29.96 30,11 30,12 37
O 30403 3000 30.14 30431 30.23 3047 30415 »12

R 3lele 31le21 31e60 3l,22 3107 31,23 31.21 .11

S 0.26 30652 3052 30654 3010 30.61 3043 20

T 29.08 29.52 29,60 2936 2935 29411 79449 021

1) PR.3T 2888 PBJTR 2B.94 28450 29.40 28.77 .27

. V 29,90 3029 30,05 30.18 1064l 30444 20.21 .21
W 29.68 29472 2962 29447 29,95 29,86 29,17¢ W17
l LL 2B.27 28.28 28.12 ?b.3l 28.63 28,66 28,43F 022
(J=K=L) 2B8.56 28492 29,08 29.05 29,12 2B.84 28.93 27

(JL=JKL) 28,81 29s.14 29435 56,13 29,11 28496 29.0F .18
(LL=-JKLL) 28.41 28.70 28.81 SH,T9 2BeB9 28494 28476 19

(M=N) 28,89 2B8.93 29.,28 ?2Y.28 29,08 28,99 9.0k 17

(P=T) 29.59 29.72 79,90 29,98 30.06 30.19% 29490 .21
i (Q=U) 230609 30,07 3057 30.27 30.32 30424 30,26 .18
(R=S) 30e.4H 30.18 30458 3045 30643 29,90 30434 25
(V=d) 30.02 30,47 30,52 73U.64 20,54 30,062 10,34 o 28
(he=HEX) 28,55 30448 30,07 WLl 3034 30,20 Ue00 0,00

-
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BTV N " W
S WIS Ot I ] ATt

AREA DP/DY

H
J 398,70
K 381.52
. 380.39
33%5.03
387455
372.64%
364 .54
405.38
A55.72
3I35.78
£30.93
469.01
33509
275,10
475.4%
419.55
352.27
367.60
377.31
355,26
386.64
392442
417.18
429.13
4317.16
280.25

ECCANVOVIZXR

L
(d=K=L)
{JL-uKL)
(LL=JKLll)
(M=N)
(P=T)
(Q~U)
(R=9)
tV~¥)
(6=HEX)

Table

s
AT WA S,

27

AREA DP/DT vs

¥S P CURVE {KRSI=KPST)/(MS)

2
407,52
39135
380.21
389,53
386.92
370.58
378.27
QlOiSI
378421
332,57
53585
$54 .83
348,58
284 .8%
495.1%
423,61
359.62
381.86
390.54
381.37
389,49
201410
422472
421.80
34,87
583.3C

1484.167
1369.449
1382,771
1348,755
1353,384
-383.379
872.613
733,119
T19.746
798,790
721.599
~981.376
-8,751
'l50078
'320561
~44,888
~17.526
-238,.018
+180
=3.037
-8.292
-8 0552
'3065‘0
~67.212

VEL?
VELT
VEL?
VEL?
VELT
VELT
JELS
VELS
VELS
VELS
VELS
VELS
PP

PP

PP

PP

L T I I I OO T T I IO I S I 1}

el
h ]
(L RV RV RT N IR R iy gy

3
40797
395,20
383,39
393.59
387454
372.01
376.60
404448
375.91
65,08
54119
458,88
348047
285,93
482675
413,48
351,30
381.07
394015
381.71
397,76
411460
434,59
436462
435,81
414454

* 9070
* le2164
+ 1.1840
+ 12677
* 12667
+ 372.8921
+ «8953
L4 1027X3
¥ 13066
. l.1181
. 1.297%
+ 369,.8385
+ +1150
+ 1320
. « 1759
. 2061
* el412
+ 46,0189
. «033S
. 20422
+ 20654
+ « 0561
+ o044}
* 13052‘07

&
299,87
386,72
387.91
49157
385,06
378,73
379.89
406,94
380,61
343,05
39,17
657.2%6
349420
290.80
490,82
412453
389,50
380,49
388,35
3al, 72
396,18
413,53
425,12
433.89
424,44
424,97

5
490%.07
387.78
383.68
388090
387,11
37641
369,75
40260
372.61
343,58
527417
435,94
343,53
280437
502.19
432418
373.81
387.74
388.31
392.16
394,76
415,06
430,33
431.21
410.05
43175

P o(rc)

[}
404,83
389.57
381.3%
350.03
394.40
378,95
376.90
409,27
395.13
337.61
539,49
G464 43
362.59
294475
501:49
431,09
373.53
377,89
379.3¢
380.20
393.25
421,36
426,73
412,54
441,40
429,46

AvY
403,99
388.69
382,74
391 b
38843
374.89
374433
406,53
A76.37
339.61
535463
653,39
3 203
z 5430
4971431
422011
361.67
379,44
38633
378492
393,01
409.18
426.11
427455
427.24

0.00

R=
R=
R=
R=
R=
R=
R=
R=
R=
R=
R=
R=
R=
R=
R=
R=
R=
R=
R=
R=
R=
R=
Ru=
R=

2946
972
«933
«923
«989
0963
«919
« 960
«920
940
2971
« 960
«893
«695
«920
w943
924
~926
«9i6
«923
921
«336
«925

S5

ALL LOTS.

EXCLUDE LOTS
EXCLUDE LOTS
EXCLUDE LOTS
INCLUDE LOTS
ALL LOTS LUG
ALL LOTS.

EXCLUDE LOTS
EXCLUDE LOTS
EXCLUDE LOTS
INCLUDE LOTS
ALL LOTS LOG
ALL LOTS,

EXCLUVE LOTS
EXCLUDE LOTS
EXCLUDF LOTS
INCLUDE LOTS
ALL LOTS LOG
ALL LOTS,

EXCLUDE LOTS
EXCLUDE LOTS
EXCLUDE LOTS
INCLUDE LOTS
ALL LOTS LOG

AU s b i y v
(i ubiabi— SR LS i —

10.690
8.46

6.58
11.93
4,21
10,53
6.04
8.87
12.07
0.00

ReVe

ReVeQolU,
ReVeQoUsPe T,
JoKsLsPyQoSeTelUsl
FiT.

RyVe

ReVeQyU,
ReVeQoUsPe T,

JoK oL oPsQeSeTolUsM
FiT.

RV

ReVeQeUe
ReVeQosUsPe T,
JoKtLoPoQoSeToUsW
FIT.

ReVe

ReVseQeU,
ReVeQoUsPsyT,
JoXoLoPsQoeSeTolUeW
FITa




-

LY

S

e NS TRk t-an i
-,

...
P
oA
v,
4

~

ARE A

— X C

JKL
JKLL

TC<TCMTNXTIOTZZX

LL
(J=-K=-L)
{IL=-UKL)
(LL=JKLL)
(M=N)
tP=7)
(G=U)
(R=5)
(VW)
(6-HEX)

VEL7
VEL7
VELT
VELT
VEL7
VEL?
VELS
VELS
VELS
VELS

W
T
U T UT T U~~~ w4

TR TIC S —— y
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Table 28 AREA DP,/DT vs P (9 C)
OP/DY NS P LUBVE (ne'STat& TV /M)
1 2 3 @ ) > AV
93.19 950“0 QS.S‘O ')"a“)’ She TG r‘)‘l’-?l Q44,52
8953 92,00 93,07 90aB9 9Y1el8& Hia2T7 91,43H4
89,13 H9,15 G009 QUBZ2 HYHGY B89 e Db B9«TRH
90.26 9132 92,32 G6,29 9117 91,98 9) .82
9161 90,72 91,03 00,38 90.79 9Y2.,64 91,19
B713 Boe7l AT7.11 88,84 BHW.2E BBY4 RT.83
830‘05 86.70 ﬂb\nj“ R?qCR 8‘0»66 36»"‘0 HS.?R
9475 G6H.0H  Tha60 O5,1F Shelsr US.69 95,07
8210 87448 B7,01 28,81 0624 91.63 RT7.08
T6.87 1607 T9.0R TS TRe 75 17629 T7.77
12781 128067 130,0% 135142% 1206y 129,76 122,00
10005 106.410 107,33 1071k 10192 10BsYi 106413
V704 80,40 A0L3I9 REE9  T79.25  BI.TO 80,26
62460 64697 aS 407 fbheb P 63693 H5Tedd 6% 4D
113445 11840 114,99 117,35 121.61 120,64 117,73
9GBHL 99,60 GT,06 Q&EL,B2 101.69 16l.494 99,20
82417 84,13 R2,03 84,17 8769 37.67 B4,63
BSeTL 89,42 89420 RB.9G G081l BELI6 8B,T74
BRLOB G162 92,39 SLl.02 920495 B88.57 90444
82,73 H9,18 HI9.,28 RI,3I5 92,006 LGLe99 HBL60
G0.59 9)}e38 93,35 92,9% 92,70 92,49 92,23
Glab4 93,70 96,53 96,98 97.23 98,66 95,75
97.79 99423 102,14 99,84 1Cle11 100.20 100,05
10058 99401 102,57 101,86 10127 96,72 100.30
37477 102421 102,46 99,57 96410 103,06 100,29
63,89 137.31 96,86 99,78 101.38 101,14 6.00
= 15184610 <« 3.5043 X, R= ,9738 ALL LLOTS,.
= 1402569 + L 4BLRE X, R= o967 Ex¥CLUNF LOTS
= 1417.949 + 4 o6RE6H X, R= ,91G EXCLUNFE LOTS
= 1376,3)16 » Sa1226 X, R= 4906 EXCLU)F LOTS
= 13846 .,548 + 5.0R91 X, H= o948 INCLUDFE LOTS
= 06,917 + 340,125 X, R= 4959 ALL LnTS LNG
= Y0S.l63 + 3.4734 X, = o915 ALL LOTS.
= 763,022 « 5.,1208 X, K= ,965 EXCLUDF LOTS
= T46.638 « 530720 X, R= ,929 EXCLUNDE LOTS
= R16,4G]1 + 4,5802 X, R= ,937 EXCLUDOF LOTS
= 750,048 »+ 525724 X, R= .9?7 INCLUDY LOTS
= -104 4029 ¢ 339,08%6 X, R= o940 ALL LOTS LOG
= s 492 GlG4 X, R= ,926 ALL LNTS,
= -11.342 « D244 X, = ,BB6 EXCLUDE LOTS
= -27T.171 + «6964 K, R= B8R0 EXCLUDF LOTS
= 4,609 + o B352 X, R= ,L,90% EXCLUDF LOTS
= ~13.962 « «56HU X, R= ,940 INCLUDF {OTS
= ~)62 G 4 42,0010 X, T o920 ALL LOTS LOG
= lewgo + 1297 X, R= 4920 ALL LOTS,
= ~1.903 + L V683 X, = 4212 EXCLUNDE LOTS
= ~baTat + .. 203 X, = 4913 EXCLUDF LOTS
= «T7,285 e 22hH% X, R= ,902 EXCLUDF LOTS
= ~2.998 1776 X, R= L9937 INCLUDF LOTS
= 42 e30b 4 12.3520 X, = 4972 ALL LOTS {0C
96

S0
«95
l.18
«65
l.38
« 8¢
« 97
la41
o713
3.07
1e80)
1.77
KT
2019
1e64
3.47
2,16
2,53
1.69
172
3.09
1,04
2.67
1.51
2el5
2697
0.00

ng.
ReVeQoU,
ReVeQolUsPeT,

JeKeL 2P 2Q9SeToUewW

FIT.

ReVe
ReVeQoelU,
RPeVoeQolUsPoeT,

JeKet 9P eQsSsTeUsW

FIT.

ReV,
KeVedoSe
ReVeQolysPoeT,

JeKslL 9P eQeSeTeUswW

FIT,

NeV,
ReVeQoU,
HeVeQosUsPoeT,

JeRoLoPoQesSeTeUw W

FIT,

R |
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L
(J=K-L)}
(JL~JKL)
(LL-JKel)
(M~-N)
(P=T)
(0-U)
tR-S)
(VW)
(6=HE X)

VEL7
VEL7
VEL7
VELT
VELT
VEL7
VELS
VELY
VEL S
VE LD
VELS
VEL =

P TOETARY TR T T

Table 29 AQ (RrC, 8-20, 4)
RANGE. 8 TO 20+ DFLTA KPSI=
N - GICKNESS  (PSI/ZMICROSEC)
2 3 4 5 6 Av S0
[ 05 14127 14,020 144095 14,131 14,2 14,117 0617
1o 78 144139 14,016 144085 14,006 14,027 14,063 « 049
1 8 13.866 16,0206 14,029 14,015 14,048 14,011 076
69 144071 14,038 140172 14,028 164,097 16,079 052
4] 14004 14,076 13.99]1 14,036 14,129 (4,063 s 046
79 13,861 13,880 13,987 13,530 16,022 13.960 + 085
102 14,097 14,915 14156 13,910 14,081 14,010 . 132
e 17 14,647 14,496 146337 14,475 14,515 14,501 « 106
L eet60 12,723 12,739 124818 12,73% 12,796 12.712 ~ 129
1144953 114337 11,601 114489 11,536 11,371 11.465 .099
166890 16971 16,967 16931 16,843 17,137 16,956 «10]}
15.456 154386 15,617 15420 15,13% 15,608 15,437 .177
12,145 12186 12,276 12425 12,134 12,549 12.286 . 168
104364 104363 10,434 104518 10,504 10,531 10,452 076
160374 16,621 16,650 166613 16,627 164,550 16.572 .103
14,600 18,750 14,512 14¢595 14,781 14,834 14,679 o127
13,740 13,76k 13,660 13:816 13,909 13,801 13,7389 .091
13.985 13,910 13,793 13.599 13,974 13,245 13,918 .070
14,063 14,048 13,991 14.005 14,041 13,938 14,014 046
13796 14,300 14,176 144237 14,417 13,831 14,134 204
14 264 14,236 16,183 144115 14,276 14,328 14,234 075
13,923 146012 1440091 144074 14,093 14,375 14,09) . 152
14170 16,317 164,278 14198 14,3 ! 144333 14.2604 074
J4o0dR3 14,172 16,350 daanwsl 14,259 16,112 14,263 «111
16.2R3 16,386 14,435 laea7 14,002 14.540 14,278 . 210
106311 194451 14,166 144285 14,516 14,405 2,000 0,000
= 1398597 + 31,9693 X, K= .944 ALL LDTS,
= 1375.303 + 33,7598 X, R= ,919 EXCLUNF LOTS ReV.
= 1387016 + 32,9151 X, K= (793 EXCLUNDF LOTS KeVsQels
= Q60,427 + 62.95345 Xo R= LB7S EXCLUNE LOTS KiyVeQelsPoT,
= 11394957 & 3T ,4426 X, Rz o963 INCLUNF LOTS JaKelsPeQoeSeTeUsW
= 710072 ¢ 31,6109 X, Rz 943 ALL LOTS LOG FIT.
= TH34IR3 + 33,3626 X, Rz L,969 ALL LOTS,
= T04SH0 4+ 37,8600 X, Rz ,973 FXCLUNF LOTS KoV,
= FLlee 17 ¢ 44,3699 Xo Bz 4955 © XCLUPF LUTS ReVeQeU,
= GO%e 1Y ¢ Bh,alhi X, Rz ,964 EXCLUDS LOTS HeVeslUsPoT,
= AT e ¢ 40 .20%8 Xy Rz ,990 INCLUOF LOTS JsKel ePsQeSeT olvw
i gt v 4B, Fann X, Rz o971 ALL LOTS LOG FIT.
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Table 30 aQ (9 C, 8-20, 4)

PRESSURE RANGE B8 Y0 20+ DELTA KPSI= 4

T e B OB . D . W D SB TR P WS my W R L 0 g T P W T A e W W T D o P T wn n g B O e T i D -

ABSOLUTE QUICKNESS (PSI/MICROSEC)

1 2 3 & S 6 Av 50
3.653 3,676 3,627 34655 3,650 3,689 3,65R .021
3:668 3.728 3,679 3,652 3,659 3,6/5 3,577 027
3656 34629 3,640 3,685 3,661 3,659 13,655 .019

JU 3667 644 J,646 3,694 3,649 3,695 13,665 2023

JEL 34658 3,664 3,669 34662 3,657 3,697 3,668 2015
JELL 34647 3.592 3.6090 34642 3,614 3,641 3,624 . 022
34465 3,568 3,535 3,560 3,496 3,564 3,530 « 061
3,723  3.798 3,743 3,728 3,729 3.782 3.751 «032
3,147 36216 34259 3.247 3,234 3,270 23,228 A
2845 2,845 2,909 2.B70 2.872 2.89%6 2.866 024
Go542 4,573 4,560 4¢574 4,523 44,622 4.567 034
6,006 4 012 4,065 44017 3,917 4 077 4,017 + 056
3,066 3,090 3,107 3.129 3,085 3,187 3,108 2048
2.524 24568 2S5R7  2.59A 2,581 2.619 2,579 .032
4,360 6,688 4,420 Ga0G]1 4,442 G487 4,422 ,033
3,797 3,837 3,758 3.785 3,845 23,862 3,814 « 040

Lo 3.5‘0“ 3»565 39527 1.567 3.619 3061“ 3-573 -037

(Jeog=L} 3.(“01 3.600 3.576 3.60? 30(3“0 306“9 -“060(.:‘ -02‘

(JL=JKL) 3,622 34652 3,617 626 3,653 3,590 3,627 024
(LL~JKLL) 3.948 3,593 1.669 1,69] 3737 34612 13.658 +068

(P=~TH 3,587 3,626 3,655 J.667 3,655 3,732 3.65%) 048
(Q=U) 3,685 3,726 3,698 3,706 3,744 3,730 3,715 .022
(R=7) 3,697 3,698 3,733 3,758 3,731 3,674 3,715 .031
(v=w) 3,713 34766 5,757 36650 3,055 3784 3721 « 057
(6=HF X)) 2.53 5,143 3,691 3o 728 3,790 3,734 (0,000 0,000

- Xao

ESC0NTLI2UTVTZ X

VELT7 = 1466.908 + 104.5734 X, Rz 4937 ALL LOTS.
VEL7 =  1437.258 + 113.4533 X, R= .910 EXCLUDF LOTS ReV.

VELT = 1457.072 + 107.985% X, Rz o769 EXCLUPF LOTS ReVeQol,

VELT = 1062.815 ¢ 213,5200 X. R= 846 EXCLULFE LOYS ReVeQoUsFoT,

VELT = 1605%.452 ¢ 125.4329 X, K=z 952 INCLUDF LOTS JeKel sPeGeSaTeUewW
VELT = 1737R 261 + 365,8884¢ X, R= 938 ALL 1075 LOG FIT.

VELS = 433,572 ¢ 109,3023 X, R= 964 ALL LNYS,

VELS = TERGTS ¢ 128,3245 X, R= 4973 EXCLUNDF LOTS KV,

VELS = A91e315 ¢ 149,7017 X. R= ,9%3 EAXCLUDF LOTS ReVsu: U,

VELS = T4 o396 + 207.8216 X, R= 951 EXCLUNE LOTS RaeVeQ: I9P»T,

VELS = 750,526 + 135,6619 X, R= ,987 INCLUDF LOTS JeKsL sPsQsSsTelsw
VELS = TIBLT2Y9 ¢ 384,1379 X, R= 4969 ALL LOTS LOG FIT,
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Table 31 RQ (RC, 8-20, 4)

RELATIVE QUICKNESS

i 2 3 4 5 6 Av SO

J 10081 101.73 101452 10159 101.05 102.00 10145 44

K 100423 101444 101406 101e09 99460 10017 100,60 70

L 100,60 99,72 10158 100489 100.09 100,61 100.5H 64
JL 99486 99,92 100427 101e0R 99476 10089 100230 256
JKL 99,47 9977 1N0.55 99,63 99,71 10110 100,04 064

JKLL 101473 96.55 97,43 97,83 96.38 100.86 986,46 2.27
97.07 99.66 99,07 10U.93 97.93 98.84 98,92 1.34

M
N 101s05 102486 10211 101,20 101453 101.60% 131,80 «60
P 89,07 90479 9039 Gl.,41 90e46 BBOS GuU,ell 1.08
Q 80.83 7934 B1.,56 B8leld B80.63 7949 80,50 90
R 119.20 120.04 118,28 117,11 118.24 121,09 118,90 1442
S 109.38 109406 109,15 106,97 10655 110,49 108,59 1453
T 87.11 B86.92 87.15 RB61 BEel6 8T.02 8KT7.16 «80
U 7301 72424 73.21 74405 73620 73436 73,18 «58
V 11487 115688 11579 118¢85 119432 114,42 116,52 207
W 102,56 103417 100489 104,61 10A:.20 102.93 103,33 ] .85
L& 99,67 95,98 96,20 9713 96443 99,85 97,54 176
VEL7 = 1396.851 + 4,5355%5 X, R= o943 ALL LOTS.
VELT = 1187.262 + 446401 X, R= ,915 EXCLUDE LOTS ReV,
VEL7 = 138l.164 « 466980 Re R= (779 EXCLUNDF LOTS RaVeQeU,
VELT = TEB,490 + 105084 X, R= ,908 EXCLUDE LOTS ReVsQoU2PsT,
VELT = 17354,959 50775 Xo R= 4952 INCLUDE LOTS JsKolL oPcQeSyToUoW
VELT = =t14,705 + 427.3028 X, R= 939 ALL LOTS LOG FIT.
VELS = 760,701 + 46,7370 X. R= 4969 ALL LOTS,
VELS = 719,051 + 51898 X, R= 966 EXCLUDE LOTS ReVe
VELS = 5984762 + 638682 X, R= o947 EXCLUNE LOTS ReVeQeU,
VELS = 272356 + 95869 X, R= o957 EXCLUDF LOTS ReVeQolUsPeT,
VELS = ~99,648 + So4518 X, R= o980 INCLUDF LOYS JsKoLsPsQoeSeTolUswW
VELD = =R23,95) + 447,5829 x, R= ,968 ALL LOTS LOG FIT.
PP 7 = 16,542 + «5417 X, Rz LRF5 aALL LOTS.
PP 7 = ~10.009 + «4T0T X, R= 7TR6 EXCLUDE LOTS R4V,
PP 7 = -2B.,987 + w6595 X, Rz 707 EXCLUDE LOTS HeVeQeU,
PP 7 = «~136,0K85 + 17007 Xo R= o600 EACLUDF LOTS ReVeQosUePsT,
PP 7 = «15.890 + 5S04 X, R= ,8R3 INCLUDF LOTS JsKolLoPsQeSeTolUww
/ PP 7 = =«191.799 + 49,8856 X, R= 851 ALL LOTS LOG FIT,
PP S = -2 s 906 1661 X, R= ,915 ALL LOTS,
PP S5 = “Zslg]l o 161, X, R= 863 EXCLUDF LUOTS ReVe
PP 5 = =104HhB7 02451 Xo R= (BS3 EXCLUDE LOTS RaVeQeU,
PP S5 = ~35.338 + c4A5% X, R= ,946 EXCLUNF LOTS ReVsQoUsPoT,
PP S5 = =3,643 + o1773 X, R= (903 INCLUNFE LOTS JeKobLoPsQaSrTeUeW
FP S = ~57,173 ¢ 15,4123 X, R= ,B97 ALL LOTS LOG FIT.
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RELATIVE OUICKMESS

ECCAVMITIDIVZX

-
r

VEL7
VEL7
VEL7Y
VELT
VEL?
VEL7
VELDS
VELS
VELS
VELDS
VELS
VELS

1 2
101.27 102.27
101.19 102.81
10116 100463
101,07 99,39
10049 100.17
102,19 96,62
9514 9T7.74
100.94 103,45
87.41 B88.48

T77.04 7554
122466 123.74
109.03 109.12

84,71 B84.92

67.90 68.38
117.82 118.32
102,04 101.99

99,88 96.09

l4a66.614
1454,695
1462.7006
926,150
1424,237
203.212
832.631
791,064
6994155
167 4684
7724385
435,863

LU L T { I T I VI T O T O VI S 1

Table 32 RQ (9 C, 8-20, 4)

3 4 5 6 AV
101431 10171 99482 102,05 101441
10221 100469 99448 100.7/9 101,19
101450 102.29 10001 10070 101,03
100664 101451 99436 102.50 100.74
101456 10072 99452 102.55 100,83

97,71 QBL.00 96413 100,40 98,51

97461 99,03 95.56 96.55 96,94

102446 101479 100483 101417 101,77

R9.14 ARHB.84 BB4SB 87,23 88,28

TR65 TT7456 T6452 76,20 77,13

12262 121,46 12120 126413 122,97

109,71 107427 105441 111.64 10R.69

R“'Hq 85.53 84037 RQ.?Z Q“.BQ

59:.73 69.60 684,34 69,61 6AR,93

118,47 122,32 12165 117.29 119,31

1IN040R 104,02 105416 102,95 102,56

95,90 96,54 96,59 95,95 97,49

+ 3.8&?2 X. R= .9%3 ALL LOTS.

+ 3.9740 X, Rz 4899 EXCLUNF LOTS
+ 3,8914 X, R= 734 EXCLUDE LOTS
N 9,1544 X, R= 837 EXCLUDF LOTS
+ 443993 X, R= 941 INCLUDE LOTS
+ 358,4532 X, R= ,929 ALL LOTS L0OG
+ 4,0224 X, R= ,961 ALL LOTS.

+ LeoRBNGE Xo R= ,957 EXCLUDF LOTS
+ 55,4853 X, R= ,925 EXCLUDFE LOTS
. Be6502 X, R= (914 EXCLUDF LOTS
. 44,7414 X, R= ,972 INCLUDF LOTS
v 376.5394 X, R= ,9A1 ALL LOTS LNG

100

S0
«87
1.18
17
1.23
1.08
2.33
le4b
1.02
«78
+ 85
1.80
2el4
»38
«81
2.12
1.78
190

ReVe
ReViQoUe
ReVaQolUsPeToe

JoKoLoPeQeSeTsUsw

FITe.

FeVe
H!V'Q’Uc
ReVeQolUsPeTo

JeKoL oPeQoeSeTaUsW

FI7.

PN

aac ]
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Table 33 RQA (RC, 8-20, 4)

RELATIVE GUICKNESS RY AVERAGED REFERENCE FIKRINGS

1 2 3 4 S 6 AV SD
J 101639 101651 100,62 101,29 101458 10228 101.45 «53
K 100481 101:23 100,17 100,80 100611 100,43 100,59 %
L 101619 99¢52 1n0.68 10060 10061 10088 100,58 57

JL 100626 10021 99,92 101,02 99496 10038 10029 + 40
JKL 99,86 100407 100621 99,57 99,91 10059 100.03 <35
JKLL 99,33 97466 97,83 098,59 98.26 98.91 98,413 64

M 97,39 99,61 98,75 100,04 98415 99.54 98,91 1.0}

N 10178 10281 101,78 100,37 10176 102435 101.80 <84

P 88418 90427 90415 Gl,06 90.28 9065 90,10 1.00

Q 80246 79471 B1,35 8BU,68 Ble05 79.92 B8B0.49 B4

R 11856 11912 119.08 118,74 11809 120+31 118,98 + 15

S 10879 108622 10989 108,42 10642 10979 108,59 1.27

T B6425 8643 R6,91 ABL27 BS5.98 89,09 £7.15 1.25

U 72448 72658 73,01 73,64 73458 73,16 73.1% «56

V 114499 11672 117.33 116,70 116490 116433 116,49 «80

W 102,68 103492 162.23 102,70 104404 104424 103,30 86

LL 97432 9708 96,60 97,89 98631 97.91 97,52 63
VELT = 1396.,781 + 445366 X, R= ,943 ALL LOTS,
VELT = 1387.257 + 64,6606 Xe Rz o914 EXCLURF LOTS ReVe
VELT = 1781.401 + 4.69A) X, R= 4779 EXCLUDE LOTS ReVeQsu,
VELT = 7894843 + 10,4960 X, R= 908 EXCLUNE LOTS ReVeQsUsPoT,
VELT = 1354.912 + S5.0784 X, R= 4952 INCLUDF LOTS JeKoLoPsQoeSeTyUsW
VELT = «114.982 ¢ 427,3719 X, R= ,939 ALL LOTS LOG FIT,
VELS = 7606623 + 4.73R2 X, R= .969 ALL LOTS,
VELS = 715,038 + 541904 Xo R= o966 EXCLUNE LOTS ReVe
VELS = 599,062 + 6:3828 KXo Rz ,947 E£XCLUNF LOTS KeVeQoU,
VELS = 273.858 + 9,5779 X Rz 4996 EXCLUNF LOTS kKeVeusl o7,
VELS = A99,583 -+ 544579 X, R= ,980 INCLUDF LOTS JeKoebLo! oSy TeleW
VELS = =R24.265 + 447.6602 X, R= o967 ALS LOTS LOG FIT,
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RELATIVE QUICKNESS

~ X

JKL.

1
101.2¢4
101415
101.12
100.92
100.34

99.19
95.18
100.95
85%.90
7649
122.24
108.66
83,25
67434
117.67
101.90
96,96

1
1

I

oW o Bt g

reg
102,07
102.63
100.44
100.07
100.85
97451
97 .55
103.26
87.91
76.89
123.07
108.53
844,38
58.67
119.86
103.32
96.96

4664540
654,646

14624752

Q27,218
4264194
202.911
3324557
791,014
690241
168499
772,329
696,166

Table 34

3
i00.40
101.29
170,59

a39,.,99
100.89
98,16
95 .65
101.46
RAR L83
TH07
i23.05
110.08
Raa61
69.27
119,73
101.14
96.35

3.
3.
3.
Fe
G
354,
4,
4o
Se
8.
4o
376.

LR JEE JEE SR IEE IR T R R 2 Y

Ll i o el

3
101436
100,37
101.86
10446
100.67

Qu .97
984,13
100.RR
RHo9q
77.29
1722.99
108.57
25,64
69439
119466
10l1.76
Q7,46

B435 K.
9750 X,
8914 X,
1451 X,
4002 X,
5293 X.
0237 X,
4817 X.
4852 X,
6394 X,
74725 X,
olnl X,

ROA (9 C,

5
10107
100.70
101426
100.36
100452

SH+10
96e¢11
16re41
BB 48
T7.26
12169
105.R3
BuerB
68398
11950
103.30
YR457

AR

§-~20, 4)

RY AVERAGED REFERENCE FIRINGS

(o} AV
102445 101400
100,98 101.19
10090 101.03
10160 100,73
101.66 100.82
B YD  YH 4T
97499 96,913
10204 101,77
89,93 RB.27

7685 77.13
124609 122,9%
110,396 108,67

87.15 B4.88

6993 AB,92
119427 119.28
103,77 102,53

9GRSl 97,47

R= 933 ALL 0TS,
R= 899 EXCLUDE LOTS
R= o734 EXCLUDF LOTS
R= .837 EXCLUDE LOTS
= <941 INCLUDF LOTS
Rz ,929 ALL LOTS LG
R= (941 ALL LOTS,
= o957 EXCLUDF LOTS
= +925 EXCLUDF LOTS
= o913 EXCLUDE LOTS
R= .972 INCLUDF LOTS
R= ,961 ALL LOTS LGG

1.01
1.61
1.35
.88
.82
1.07
¢ 90

HReVe

RasVeQelle
FeVoQoUePs T,

Joh el ePoeQoeSeTelUsW
FIT.

ReVae

HReVeQel,
ReVeQolUsPoeT,
JeKoLoP9eSsTeUowW
FIT,.




TABLE 35. REFERENCE SELF RQ. (RC, 8-20,4)

(J=K=L) 100400 949,22 GH DG GG 14 99,494 95,69
(JoK=L) 100,79 100.00 Gu, 13 999t 100,73 100,48
(J=KK=L) 10lsa8 100469 100,00 10059 L01,a1 10116
(J=K=L) 100,88 100,09 Wy,al 100.uu  A00 .87 100,57
{J=ii=L) 100,06 9G,29 YH A1 99,20 100,00 99,75
(J=K=L) 100431 99,53 YH 85 99,446 400,25 (00,00
(JL=UKL) 100.00 99,90 99,76 99,94 EENETE 99,10
(JL=UKL) 10011 100.00 99,37 99,65 99,99 99,21
(JL=UKL) 100675 10G«6%9 100,00 100.29 100,5% 99,45
(JL=JKL)Y  100.45 100435 99,72 100,00 400,26 99,56
(JL=JKL) 100420 100.10 G, 46 99,74 109,00 99,30
CUL=-UKL) 100.91 100.80 100,16 100,44 100,73 100400
(LL=JKLL) 10600 10360 1ur.86 103,721 104,41 100,93
{LL=JriL) 46,53 10000 WG, 27 99,64 100,78 96,94
(LL=JKLL) 97+24 100.74 100,00 100437 401,53 97 .66
(LL=JKLL)? YO RY 10034 99,04 100,00 LUl.l6 97.31
(LL-JrLL) YB L TH 949,22 YH L, 69 98 .85 100,70 96,19
(LL=JKLL) 99,54 193,16 duZ.,s0 102.77 403,497 100.00

v L4 Ao T LI P R -
wa " ™ o RO TR e L L RIS W PTTE 3 T 0, ¥ e RS dok o dat G5 “nwm
B

(M=N) 100,00 99 64 99,37 98 .81 93,91 100.33
(MeN} 100.37 160,00 69,74 98,17 100,78 100.75
(M=N)} 100e64 100427 1lU0.00 99,44 100,54 101,0¢
(M=N) 101421 100483 100,57 100.C0 101,11 101.,%9
(M=N)  100.09 99,73 99 46 98,90 100,00 100.47
(M=N) 99,52 99,26 98,492 98,44 99,53 100,00

(P=T) 10000 100c43 102,74 100.6% 100440 103,41
(P=-T) 39,58 100.00 100,31 100.20 100,37 102,98
(P=T) 99.29 99.70 100406 99,90 100,07 102.69
(+=T) 594,40 99,R) 100,10 100.00 100,18 102.K80
(P=T) 99,22 99,63 99,54 99.83 100,00 102,61
(P-T) 96.71 97,12 97,43 G7433 97.48 100,00

(0= 100,00 101,20 100,46 100.17 101,726 101,79
(0-U I8eH2 1006400 99,27 94,99 100,06 100,08
(Q=U) 95,54 10074 100,00 99.71 100,79 100,82
(Q=U) 99,83 101,03 100,29 100.00 A0),08 101,11
(Q=-U) 98,76 99,94 99,21 98,93 100,00 100,03
(Q=~-U) 38,73 99,92 99,19 48,90 99,97 100.00

(R=S) 106.00 99,77 101,72 101.94 100,42 99,90
(R=5) 106,23 100,00 101,45 102.18 100,65 100,13
(=S} 98,40 38,57 100,00 100.72 949,21 98.70
(R=S) 98,09 97 .R¢ 99,29 100.00 98.51 98, 0(C
(R=5) 99,58 99,36 100,R0 101452 100,00 96,49
(R=5} 100,10 99,87 101,32 102.04 100,52 190,00

(V=w) 100.00 100,61 101.°1 98,10 97.87 101.56
(V-w) 99,39 100.00 100,59 97.50 97.27 100.94
(V=-W) gB,.H1 99,42 100,00 96 6 95 96,71 100,36
(V=W) 101,95 102,57 103,19 100.00 99,77 103,54
(V-w) 10218 102.80 103,82 100,23 100,00 103,77
(VW) YB .46 99,07 $9,66 96659 96,37 100,00
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TABLE 36, REFERENCE SELF RQ. (9pt, 8-20,4)

{J=K=~L)
(J=K=L)
(J=K=L)
{(J=-K=L)
(J=K=~L)
(J=~X=L)
{JL=2KL)
(JL=-UKL)
{(JL=-UKL)
(JL=JKL)
(JL=-JKL)
{JL=-UKL)
(LL=JKLL)
(LL=JKLL)
(LL=-JxKLL)
(LL=JKLL)
(LL=JKLL)
(LL=-JKLL)
(M=N)
(M=N)
(M=N)
{M=N)
(M=N)
(M=N)
{(P=T)
(P=1)
(P=T)
(P=T)
(P=-T)
(P=T)
(Q=U)
(0-U)
(G=V)
(G=U)
(Q-U)
(Q=U)
(R=5)
(R=S)
(R=S)
(R=S)
{R=S)
(R=S)
(V=W)
(V=W)
(VaW)
(V=-W)
(V-W)
(V~W)

TR TR, T W R Y T

100,00  99.85 99,14 99,70 101.31 100.74
100,16 100,00 99,79 99,85 101,47 100,460
100.88 100,72 100.00 100,57 102,20 101,12
100.31 100.15 99,44 100400 A01.63 100,55
98,72 98.57 9T AT  98.43 100,00 98,95
99,76 99,61 38,90 99.47 401,07 100,00
100.00 100.R3 99,50 100,10 101.17 99,28
99417 100.00 S8.68 99,27 100,33  98.46
100,52 101.37 100.00 100.62 401,72 99,81
99,91 100.76 99,41 100.00 401.08 99,19
9B BE 99,68 98,38 98,95 400,00 9814
100473 10157 100,23 100.82 101.90 100,00
100.00 103,96 103.50 103+99 105,13 101.52
96420 100.00 99,57 100.03 101,13 97,66
96.62 100.44 100,00 100.47 401,58 98,09
96e17 99,97 99,53 100,060 101,10 97.63
95413  98.89 98,46 98,92 A30.00 9657
98,51 102640 101,96 102644 103,56 100,00
100,00 9Q Ry 93,03 99,12 100.%7 101 .45
100.19 100.00 99,20 99,29 100,75 101.63
101.01 190481 100.00 100410 401,57 102.45
10091 100471  99.91 100.00 401,47 102.36
99.44  99.26 98,47 98455 100.00 100.R7
98,58  QH40 97,61 97.70 99,13 100,00
100.00 101410 101.41 101.89 101.66 104,47
98.91 100400 100,31 100478 400.54 103,32
98,65 S9.74 100,00 100.49 100,25 103,08
98416  99.24  99.52 100,00 99.76 102,56
98439 99,47 99,76 100.24 100,06 102.79
95,75 96,80 97,13  97.58 97,33 100,00
100,00 101.29 100,09 100.52 101.81 101,31
98,73 100.00 98,82 99,25 400.51 100,02
99,92 101.21 100,00 100.44 401,73 101,23
99,49 100.77 99,57 100.00 401.79 100,79
98,23  99.49 98,32 98,74 100,00 99.51
98.71 9G,98 98 , RO 99,23 100,49 100,00
100,00 99,80 100,70 101.60 100,74 95,19
100.21 100,00 100.90 10l1.8; 100,95 99,40
99.32 99,11 100,00 100.91 130,05 98.5)
Q8,42 98,722 99,10 100.00 99,15 97.63
99.27 99.06 99,95 100.86 100,00 98.47
100.872 100461 101,51 102.63 101,56 100,00
100,00 101.44 101.20 98,00 98,37 101.83
98459 100.00 99,76 96.62 96,98 100,39
98,62 100.24 100.00 96484 97,21 100,63
102.07 103.55 103.29 100.60 100.41 103.94
101.66 103.12 102,88 99,63 100.00 103,63
98,20  99.61 99,38  96.23 96,60 100.00
104
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Table 37 AQ (RC, 8-20, 1)

PRESSURE RANGE 8 TQ 20« DELTA xPSI= 1

o

ABSOLUTE QUICKNESS (PST/MICKROSEC)

1 2 3 4 5 6 AV SD
14,076 144102 13,969 14.04S 14,078 144152 14,070 « 061
14,013 14,039 13,583 144027 13,952 164,002 14,007 «032
14,016 13849 13,966 13,994 13,958 13,940 13,954 « 058
14,002 144020 13994 14096 13,973 14,057 14,023 . 045
13,978 136990 16,032 13909 13,984 14077 13,995 « 056
14,030 13.802 13,843 13.949 13,871 13.94> 13,907 083
13,840 142154 14,081 166193 13,957 14.143 14,058 « 134
14,446 14640 144,456 144382 146,494 14,504 14,497 092
12655 124707 12,70) 124776 12,704 12,799 12,690 .122
116358 114289 11587 11397 11,460 11,313 11,400 o111
16,863 10649330 16,934 1688} 16,793 17,080 16,912 « 0696
15,445 15,368 15,592 154390 15,090 15,588 15,412 «1R4
12,089 12.134 12,225 17373 12,088 12511 12.237 o172
10,268 10,305 10,378 10422 10,400 10,424 13,366 . 065
164320 16a580 16,549 16.526 16,555 16,490 16,510 .100

16,086 14.638 14,406 144507 14,680 14,738 14,57 129

LL 13,660 13,709 13,585 13,729 13,848 13,818 13,72% . 098

(J=K=L) 13,926 13,913 13,753 13647 13,970 13,922 13,890 .079

(JL=JKL) 14,012 14,007 13.945 13.960 14,043 13,912 13,9R0 . 049
(LL=UKLL) 13,770 14,255 14,153 14.187 14,406 [3.865 14,106 . 241
(M~N) 14,242 144212 14,152 144073 16,217 14,277 14.196 «073
(P=T) 13,869 14,012 14,074 144059 14,042 16.3d5 14.0067 . 148
(O~U) 14,1061 14,283 14,167 14146 16,314 16,290 14,223 .081
(R=S) 14,156 144151 16,276 144380 16,237 14el27 14,226 L0091
(V=W) 14,226 144353 16,342 14013 13,969 14,449 14,225 .« 195
(0=MEX) 10,269 194437 14,126 lae34] 14,463 14,34 0,000 0,000

T T RRRTIR AT T
M

o

rec X

[
x -
~x
rr

ECCHMVCVZX

e

VELT = 1401.965 ¢ 31,8340 X, = .944 ALL LOTS.
S VEL? = 13814151 + 33,4510 X, = 913 EXCLUDF LOTS RaV,
VELT = 1390.752 + 32,743} X, = o7R8 EACLUDE LOTS RaVeUsl,
VELT = Q79,790 + 61,3583 X, = o861 EXCLUNF LOTS KeVeQoUsPaT,
¢ VELT = 1339.096 o 37,3675 X, R= (964 INCLUDE LOTS JeKsLaPoQeSeTeUsw
. VELT = T22.812 + «27.3313 X, R= ,942 ALL LOTS LOG FIT,.
K VELS = 767.15%9 ¢ 33,1687 X, = 964 ALL LOTS,
VELS = 712.068 + 37,4668 Xo R= L9970 EXCLUDE LOTS KoV,
4 VELS = E19e527 o 66,0192 X, Rz 967 EXCLUDF LOTS ReVeGal,
o VELS = G3eeabT ¢ SHB503 A, K= o921 EXCLUDE LOTS ReVeQolyP T,
: VELS = 683931 + 40,022 X, = o990 INCLUDF LOTS JsKal sPeQoeSeTsUsw
VELS = G 8567 ¢ wiakh  T551 X, H= ,969 ALL LOTS LOG rivle.
b
a

2 A VTSR

P

&
.

"
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Table 38 AQ (9 ¢, 8-20, 1)

PRESSURE RANGE 8 TO 20+« DELTA KPSI= 1

ABSOLUTE QUICKNESS (PSI/MICROSEC)

1 2 3 o S 6 AV SD

J 3,647 3,660 3,625 3639 3,651 3,673 3,649 +016

K 3.657 3.6B0 3,659 34660 3.646 3,566 13,661 «011

L 3.643 3.600 3.634 3.053 3.634 3,634 3.633 018

JLU 3,644 3,651 3,645 34678 3,640 3.6/3 3,655 .016
JKL 3,651 3643 3,659 13.631 3,650 3.674 3,651 <015
JKLL 3,643 3.586 1,594 13.630 3,607 3,626 3,614 022
M 3,508 3.595 3,581 3.608 3,541 3,585 13,570 .038
3.748 3,812 3,757 34749 3,752 3.784 3,767 026
34154 3.223 34239 34236 3,222 3,296 3,221 « 035
2.8466 2,812 2.8%6 2.843 2,862 2.819 2,846 030
44535 4e563 44557 4553 4,521 4.6U3 4,555 .028
4,078 44016 4,075 440246 3,930 4079 4,025 «054
3.037 3.066 3,094 13.119 3,059 3.169 13,091 .048
26543 24547 2,572 24582 2,571 2.585 2.567 018
40343 4o429 44394 G417 4,420 4.4V0 4,400 »031
3,768 3,803 3,726 3,757 3,819 3.843 3.786 . 043
LL 3513 3.547 3.504 3.539 3,592 3.584 3,547 « 036
(J=K=L) 3,595 3.603 3.553 3595 3,610 3,593 13,591 020
(JL=UKL) 3,627 3.630 3.621 13.61% 3,637 32,592 3.620 016
(LL=JKLL) 3,539 3.692 3.654 3,671 3,741 3,585 3,647 .073
(M=N) 3,686 3.692 3,665 1,649 3,697 3,742 3,684 .023
(P=T) 3,567 3,616 11,653 1,651 3,636 3,6Y9 3,637 « 044
(Q=U) 3.675 3,709 3,686 1,682 3,723 3,713 13,698 .020
(R=S) 3,673 3,674 13,711 13,734 3,703 3,668 3,694 . 026
(V=w) 3,694 3,739 3,724 34636 3,625 3,764 1,697 . 057

EKC ANV T

(&=HF X) 245937 5,128 3,677 3.716 3,74¢ 3,721 0,000 0,000
VELT = 1468.029 + 104,5099 X, Rz ,937 ALL LOTS.
VEL7 = 1442.26) « llZ.ZS‘OU X R= 0910 E)\CLUDF LOTS ReVe
VELT = 14614503 ¢ 106.9332 A, K= 769 EXCLUDF LOTS ReVsloU,
VEL7 = 1052.767 * 216.5059 X, R= 852 EXCLUDF LOTS ReVeQoUsPsT,
VELT = 1407.576 + 125.30832 X, Rz .996 [NCLUDE LOTS JeKsLoPyQeSeT Usw
VELT = 1382.096 + 163.,5679 X, K= «9237 ALL LOTS LOG FIT.
VELS = A4 820 + 10942150 X, R= 964 ALL LOTS,.
VELS = 7766309 + 1267759 X, R= 971 EXCLUDF LOTS kaV,
VELS = AY9 L9811 +» 14T7,5441 X, R= 4948 EXCLUDE LOTS RsVeQeU,
VELYS = GTT 0B + 202597 X, Rz 942 EACLUDE LOTS ReVeQoUsPoeTe,
VELS = 753,997 + 135,1800 X, Rz J3Hd INCLUDE LOTS JsKelL ePsQeS5sTalinw
VELS = TaugeB72 » 381 ,.6220 X, R= 968 ALL LOTS LOG FIT.
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mable 3% RQ (RC, B£-29, 1)

RELATIVE GUICKNESS

i 1 2 3 4 5 6 AV SN
- J 100495 101439 101443 101,51 100463 101,56 10}.25 $37
- K IQ01S 100.60 101,20 101,03 99428 J00.,VU7 100641 67
E L 100451 99.54 101,47 101,07 99,72 100,00 100, 3% o 76
E r JU 99,75 99,92 190,34 100467 99434 10088 100 1x e62
b JEL 89,49 99,68 100,58 99,42 95,37 100.99 4$9.97 69
A . JEKLL 101eb3 96453 07,45 97,97 G6402 100,98 98,373 2.22
3 RE Mo 97,28 100400 69,69 101,25 9H,45 99,33 99,32 1436
E ' | N 101633 1024496 102.02 101,97 102409 101.93 102,08 W02
- ! P 8958  90ebY Q0,27 Gle0& 30449 89,00 90416 .75
, ! 0 BO27 7907 K185 ROLT0 Z0e0B 79425 A0,.20 l1.02
- R 119416 119474 112,689 117.28 118403 170473 118.9%94 1.23
3 f S 109432 108487 10940 107,12 106419 110429 108,57 155
3 ; T O HT7.06 B6.4T RE,H3 nE 16 85497 87411 r6.93 « 73
b U 7238 T1a97T 73,05 73.61 1252 724,76 72.1° b7
3 V 114490 115675 116411 113,37 118478 114438 116, 3K 1.H0
W 102.01 102432 1170472 13,89 105442 102425 102,77 1.65
LL  99¢2R 96,01  3hHHE8 96,79 YA06 99,05 y7,.2y 1.72
VELT = 1aQue?57 445017 X, K= 4941 ALL L0V 1S
‘ VELT = 1392.9R4 « GohHBAY Xy Rz G912 EXCLUDF LOTS KeVe
VELT = 135,322 +« Ga6N04 X, R= oT71 FACLUDE LOTS KReVeQel),
VEL? = THE 090 ~ 10,5219 X, Rz ¢RYS EXCLUNE LOTS KeVeQaUsbPoT,
VEL 7 = 11874697 » Se06172 X, T o953 INCLUDE LUTS JeKel oPe” 9SeTelUsw
VELT = “92.307 ¢ 622,569° X, R= L9 ALL L UTS LOG FTT.
L VELS = Tbt)ooif\ + G4 o606 Xe = 90T ALL lUTk’o
& VELS = 7254939 5.1252 x, = W93 FACLUDE LOTS RV,
2 VELS = A03. 171 + 6,340 X, R= ,93% FACLUDE LOTS ReVaOaU.
b . Ve LS = 276t 4 We5551 X, e a9 3y FACLULE L 1S ReVetlaliar e,
VFLS = 7036097 Hell2H X, K= o978 l”(_L'l[_‘L LOTS ek el o900 eSeToel)ew
VELDS = =799,261 v 62,3370 2, k= ¢S85 ALL 1004 Lae FIT,.
f




Table 40 RQ ($ C, 8-20, 1)

RELATIVE QUICKNESS

1 e 3 “ Y 6 AV S0

J 10).20 101451 101685 101429 10620 101.98 101,43 P

K 10117 101.60 102,44 101259 luvse?? 1Uled4 101,39 o 70

L 101401 99673 10201 10i,0n 100419 100,09 100.85 «83
JUL 10016 100629 1n0,47 1014374 99465 101476 100.62 P
JEL 100.22 100409 100694 100G U7 GG ¢H3 1ULeBS 100,49 o 17

JKLL 102,51 96.56 97,82 065,34 954492 140.87 98,67 2«55
895,76 98 33 98,53 99,88 96 e63 97.50 Q7.7 1e67

M
N 10165 107 .52 102,66 1N2.78 10183 102413 102.43 «69
P RBR.74 B9.66 AX,6T A8,T75 BR,AT AT.76 R8B.5? 46
Q 7726 TSeTe 78,62 T1427 7670 1587 76,91 1e06
R 123,48 12419 123.00 121,76 122.10 12501 123,36 1e4c
S 110.00 109.06 110,30 108.00 105.34 111.53 109,30 1eRB%
T 84.57 H4.56 84,59 15,54 B3.98 85,39 194,84 «HH
U 6B.069 6HB.20 69,49 AY.82 6R.68 68418 76,01 260
V 11771 1'8454 118,66 12186 121,95 116497 119.25 2el2
W 10181 101664 1n0,15 103434 105422 102.04 192,37 1.73
LL 994,17 95.66 Q5,65 96,26 95,73 99,83 47,05 1.92
VELT = 1467.9563 + 3.8276 X R L,934 ALL LTS,
VELT = 14564094 + 3.9%43 Xe¢ R= 4901 EACLUNE LOTS WeVe
VELT = 1460696 + 39057 Xo H= o743 EXCLUNE LOTS KHeVisQoel,
VELT = Q22.906 + 9,1716 Xo R= K53 EXCLUDF LOTS PeVeQoeUsPyT,
VELT = 1425.481 + 4o3B12 Ko R= o924 INCLUDE LOTS JeKel oPsQeSeTsUsW
VELT = POTe906 + 357,3258 X, R= o931 ALL LOTS LOG FIT.
VELb = R330975 + ‘0.00‘36 ‘K. = .962 ALL L()TS.
VELS = 793,360 + 44509 X, Rz 4958 EXCLUNDF LOTS KeV,
VELS = ~924019 + 5,45A81 X H= 928 EACLUDF LOTS KeVeQoelU,
VELS = 373.606 + BeSTTY Xo R= 4972 EACLUNDF LOTS HeVaUQelUeP e T,
VELS = 7744436 + G,T166 X R= o973 1RCLUNT LOTS Jekoel oPaQeSoTesUeW
VELS = =489.,571 + 375.0668% A, R= 4,961 ALL { 0TS 006 F1V.
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Table 41 AQ (RC, 4-28, 2)

PRESSURE RANGE 4 Y0 28. DBFLYA KPSI= 2

D U g =D B WY TS T WS W YR WA M gy Y S R o S VS G e D A 06 S s S S Dt oy e W S B TP e W P G

ABSOLUTE QUICKNESS (PST/MICROSEC)

1 2 3 4 S 6 AV SO

J 15,096 15.280 15.251 15134 15,238 15.,26) 15,210 «07¢

K 14.699 15,014 15,059 l4e86]1 14,885 14.907 14,906 127

L 13.67) 144614 144736 (44825 14,744 14693 14,714 «072

JL 14,786 144892 144991 15220 14,879 14,932 14.95¢ a 149
JKL 14,914 14.829 144876 14.791 14,844 15,043 14,883 .089
JKLL 14¢343 14.283 14,345 146591 14,518 144611 14.449 w141
13931 14347 140302 14,398 14,069 14,329 14.229 186
15346 15534 15,344 154331 15,308 15446 15,385 «087
13,428 13.926 13,930 13.983 13,870 14,222 13.893 + 259
12.522 12390 12.766 12,631 12,695 12,499 12.583 «137
184475 18,765 184795 18,782 18,628 18,925 1R.762 «104
164536 16.553% 16,726 16625 16,16% 16,836 16,574 «231
12,827 13178 134198 134291 13,056 134515 13.194 261
124031 110029 114042 116213 10,860 11327 11.017 « 249
17.725 18141 17.927 1Re069 18,202 18,127 1R7.032 i 77
15774 15,882 15,599 154607 16,051 16,067 15,830 207
L 13,514 134826 13,384 134891 14,435 14,417 13,911 T
(J=K=L) 164164 14.005 14,616 14,607 14,833 14,545 14,568 .221

ECCNNIDOSOOVZ X

‘ (JL=JKL) 144517 144933 15,001 14856 14,855 14,573 14,789 .198

y (LL=JKLL) 134701 14.6B7 14,698 14722 15,098 14,618 14,587 466
3 4 (M=N) 14,854 16952 15,134 15.090 15,108 15,102 15.040 112
! (P=T) 14,845 15,075 15,342 154374 15,359 15,588 15,264 o262
(Q=U) 15,433 15,618 15,738 15,606 15,739 15,686 15,620 o145

(R=S) 154,614 154535 15,830 15.832 15,703 15,401 15,652 «170
(VeW) 15,518 15,831 15,845 15,484 15,263 15,974 15.653 272
(6=HEX) 10,831 204498 15,372 15,692 15,825 15,6843 0,000 0.000

VELT = 1619.660 + 28.5128 X, R= ,956 ALL LOTS.
VELT = 1348.375 + 33,6220 X, R= (955 EXCLUDE LOTS RoeVa
‘ VELT = 13624005 ¢ 34,0420 X. R= ,083 EXCLUDE LOTS RsVsQolU.
3 VELT = 1201196 + 43,2024 X. W®= ,A89 EXCLUDE LOTS RsVsQoUsP,T,
] VELT = 1323018 + 35,8070 Xo R= ,981 INCLUDF LOYS JeKsbL 9P sQeSesToUswW
- VELT =  705.80% + 422.7264 X, R= ,962 AL LOTS LOG FIT,
3 VELS =  797.713 + 28.8952 X, R= ,953 ALL LOTS.
% VELS =  693.595 + 36,3538 X, R= ,975 EXCLUDE LGTS ReVe
- J VELS =  #20.442 + 41.2240 X, R= ,956 EXCLUDE LOTS RiVeQaU,
8 VELS = 6564108 + 39,067+ X. R= ,928 EXCLUDE LOTS Ri1VsQaUsPoT.
? ' YELS = GTRHBI ¢ 37,5000 X, R= 98BS INCLUDFE LOTS JsXsLePs0eSeTelUsW
VELS = 69,675 + 430.1059 X, R= ,963 ALL LATS (0G FT1.
é
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Table 42 AQ (9 C, 4-28, 2)

PRESSURE RANGE & YO 28y DELTA KPSI= 2

? -

] , ABSOLUTE QUICKNESS  (PST/MICKUSECH

a ; 1 2 3 4 5 6 AV SD

- ; J 3,532 3,605 3,609 3.563 3,382 3,581 3,57» 032
. K 3,409 3,509 3,547 3446R 3,477 3,692 3,484 046
= L 3.606 3,403 3,663 3,471 3,438 3,617 3,430  ,026

; [ U 3.636 3,479 3,511 .58 3.476 3,490 3,496  ,051
¢ | UKL 3,692 3,459 3,476 3,450 3,466 3,529 3,478  ,028
! } JKLL 3311  3.297 24316 34385 3,366 3,394 3,344 042
‘ 30171 3e297 34280 36313 3,227 3,291 3,263  ,054

! 30603 30664 3,597 1,617 3,583 3,698 1,616 030
Folll 32082 30272 34300 3,256 3,405 3,272 095
2.896 2.870 2.950 2.942 2,956 2.906 2,921  .036
4,702 4731 6,760 646743 6,675 4,775 4,731 037
1.969 3,987 4013 64e006 3,848 4 06T 1,970 L0764
2,929 3.068 3,044 3062 3,014 34172 3,045 079
2.309 2,492 2 49R 2,538 2,438 2,576 2,483  ,068
4,289 4,445 4,340 s.415 4,474 4,46} 4,406 076
3,733 3,774 31,690 31.679 3,838 3,837 3,75¢ 071
L 34121 3e153 3,103 13,207 3,349 3,352 13,222  L,108

l (JoK=L)  3.255 3.409 3ewll 34393 3,465 3,3/5 3,38¢ 069

-~

ECCaNXTTZX

(JL~JKL) 3,352 3,498 3,513 34471 23,472 3,378 3.447 .66

(LL=JKLL)Y 34165 3,397 3,406 3.412 3,509 3,394 31,377 Jiee

(M=N) 3,462 3,486 3,556 3544 3,531 3,527 2,517 036

. (P=T) 3,473 3,999 3,647 3«06k I 666 3,741 3,622 « 0991
j (L=U) 3,641 3.73% 3.813 748 3. 7GT 3,767 3,75% . 044
. (R=5)  1.767 3,720 3,826 4611 3,789 3,600 13,762 062
; (V=W) 3,694 3,823 3,831 3,729 3.632 3,807 Jeib1 » 092

(6~HE X) P Y 35) 446890 3:655 3.750 3,810 3.80C1 0.000 (1,000
VELT7 = 1496,231 + 99,1105 X, R= 945 ALL LOTS,
VEL? = 1346847 + 12H,9295 X, Pz o960 EXCLUDE LOTS HeVe
- VELT = 1611099 » 125.4877 X, R= 998 EACLUDE LOTS RaVeGeU,
vy VELT = 134644905 + 143,2180 X, R= (B8 EXCLUDE LOTS RaVaQaliareT,
» VELT = 13177494 + 13645599 Ao Rz L9985 INCLUDE LOTS Jelal oFeQeSyTelow
' VE 7 = 1400111 + 3%6,670% X, = L9600 ALY Lofs LOo6 FiT,
' ! Vi > = 479,630 ¢+ SG,.2120 X, R= 4930 ALL LOTS,
: . VELY = 763,696 ¢+ LITRBPI Ke Rz o970 EXCLUDE LUTS eV
! Vs = TP2 BB ¢ JameT0a6 K. K= o919 FACLUDE LOTS keVsDall,
{ b VELS = TH4 e 725 3 129, 08021 X, W= o927 FxClune LoTs sovsQetini o,y
! % VELS = 738591 v 142, 1969 A, R 493 INCLUNF LUTS dedal «PsLabe TyUsW
Pt Vel s o= THRY L0007 ¢ 35Hh.9618 X, R GWh il ALL LYY LG 2 IT,
o
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Table 43 RQ (RC, ¢-28, 2)

RELATIVE OQUICKNESS

i 2 3 “ 5 6 AY SD
10773 104472 106,42 104,31 103411 105,02 104,86 154

K 103,38 10198 102,32 10139 99.73 101,77 101.76 1.20

L 103,31 99,31 100.44 1013 99,10 100,19 190,67 1455

JU 101edl 99,646 Q9,90 102,16 99.74 101,90 100.79 1.16
JKL 101,91 99,11 Q9,23 99,26 993,33 102.44 100.21 1.53
JELL L0S,IS 96,84 07,35 QH,55% 95,62 99,45 98,83 3,37

35,33 97,59 96,51 97,16 B4.97 96,59 196,36 1.03
103.32 103.90 101.67 101.37 101.69 102.36 102,38 1.03
QO.L.S 02»09 91.08 Ql.37 90."42 90067 91.01 064
81,97 79.88 82,19 Fle90 Hle47 80437 1,30 » 95

118,91 120439 188,04 11795 1i8.30 122,04 119,27 1463
107,36 107,70 106499 109,76 104,20 110.V6 107,01 1.97
RTe49 BT7.81 BE,97 RHLG4 BH5«BS BT.Y94 R7,34 «83
Ti.29 71,99 T7eb?2 7346k 7154 73,89 T2 e%6 109
114488 11947 114,78 118.146 119,95 114,33 116,33 224
102.89 102418 100400 102407 10632 102,14 102,74 203
LL 9T7.37 93,04 G068 Q3,77 95,26 GH LG 0G4 RP 2,67

ECCAnIToWV2Z2ZR

VELT = 1397.630 « 44510% X, R= o941 ALL LOTS,

VELT = 1391.030 « 45916 X, = o912 EXCLUNDE LOTS KeVe

WELT = LIBILTH2 » Le6H1O X, Rz= 765 EXCLUNDF LOTS HeVeQaU,

VELT = G0%.509 + Q,3500 X, = R840 EXCLUNF LUOTS FeVeidsUsPeT,

VEL Y = 1361979 + 4,9811 X, R= 49245 INULLUDFE LOTS JeKsL sPoQeSeTelew
VELT = =102e817 + 424,5502 X, R= o937 ALL LLOTS LOG FIT,

VELS = 765 Y44 & G4,6756 X, R= 956 ALL LOTS,

VELS = 730.55%6 S5.05%9 X, = ,049 EXCLUNF LOTS RV,

VELE = n2l.bal + 6,1412 X, R= (900 FARCLUNE LOTS PeVeQoU,

VELS = 4564523 ¢ Te7BAY X, R= o8BS FXCLUNF LOTS FeVaQoUsPeT,

VELS = 715158 «+ e 2539 X, R= 4957 INCLUDE LOTS JeKol ePeQeSaTolUewW
ELD = ~T7326319 ¢ 440 ,51rE X, R= ,9%6 ALL LOTS LNG F 1T,

com P DT
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Table 44 RO (9 C, 4-28, 2)

RELATIVE QUICKNESS

1 2 3 4 5 6 A SD

J 11674 108420 107,42 106016 104,45 108.67 108,61 427

K 10701 102465 103442 101476 99415 103,25 ]102.88 2.56

L 107.83 S9.39 100423 10233 98448 100497 101,47 3,37

JU 103.06 99,14 09,72 103.84 99.78 103.18 101,445 2.11

r JEL. 105629 98433 Q98,25 98,88 99423 104,71 100.78 3,29
JELL 108619 96,00 95,91 98,35 G4¢63 99,04 98,69 4o

M 94,29 98434 094495 96425 94.57 96¢85 95,88 1.56
N 10716 108417 102,40 102490 103074 105¢/1 105.01 2437
i S 89,19 92¢11 B9,76 Q0,74 88462 90.67 060,18 1.26
l 0 78.47 T7.08 77.90 78,96 77.93 77.30 77.94 79
{ R 124¢86 127472 124,65 124,54 12369 130,98 126.07 2¢77
j S 106,59 109418 106483 106,36 103.51 112.61 07,52 3,08
T 84423 85,54 83,56 83,87 B2.21 85,06 54,08 118
! U 6496 67402 66¢59 68048 646,69 68,93 66,78 1475
: V 117005 118400 115,75 119.92 124,57 116,68 118.66  3.22
W 101,94 100465 98,27 100,59 107.24 101,95 101,62  3.01
LL 96477 91438 87,446 91,71 94427 97.70 93,21 3.82
VEL7 = 1486,152 + 3.6152 Xe R= 0928 AL LOTS .
VELT =  1482,893 +  3.,6505 X, R= o890 EXCLUDFE LOTS PReV.
. VEL?T = 1508,550 + 3,3954 X, R= ,699 EXCLUDE LOTS RsVseQsU,
VEILT = 1255.938 ¢+  5,8420 X, R= ,674 EXCLUDE LOTS R:VeQeUsPsT,
VelLT = 1456,423 +  4.0184 X, Rz ,928 INCLUDE LOTS JeKsLsPsQoa%eTrUsW
4 VELT =  303.570 ¢ 336.,0448 X, R= 924 ALL LOTS LOG FIT,
VELS = RS‘).398 * 3'7211 X. R= .939 ALL LOTS.
VELS = A33.401 « 4.0059 A, = 4922 EACLUDF LOTS RsV,
VELS =  786.864 + 6444649 X, Rz 821 EXCLUDE LOTS RiVsQsU,
VELS =  797.577 +  4.365! X, R= o581 EXCLUDF LOTS ReVsQsUsPyT,
ViELS = B18,073 -« 442132 KXo R= 2932 INCLUDF LOTS JeKsl oP9sQeSsTeUeW
VELS = =364.525 < 367,3496 X, R= 939 AL LOTS LOG FIT.




Table 45 RQA (RC, 4-28, 2)

g RELATIVE

3 QUICKNESS RY AVERAGED REFERENCE FIRINGS
"1 1 2 3 4 5 6 AV SD
o J 106417 105423 104,50 104427 104094 105,03 104.7] 043
| P K 100445 102.43 102,44 101434 10140 101479 101,64 o 75
. L 100:3R 99,72 100,47 101430 10047) 100442 100,47 252
K JL 990“3 lOOO‘OS 10009‘ 1“”.“‘9 1000?“ 100055 l0007c’ QQL\
o i JKLL 9B .20 97461 97,99 99,47 93,78 99,45 98,58 o 78
oy | M 90,37 97,18 96,73 974,39 65437 96,97 06,33 1.20
L l N 102.07 103,38 102,02 101,67 10214 102473 102,34 o 61
; { P OBRL3G Glelae Q134 Gl,67 G0.87 92,59 91,00 1.41
k J G 80,92 8013 R2,55 ~1.67 81le86 804,66 €1.29 .38
! Ho1144€S 119641 119424 119¢3° 118448 120,36 119,25 167
. ; S 107.10 106.R4 10R,03 107.00 106632 108,061 106,99 1,48
T AS,59 KH,94 AT 16 88,28 B6.25 BY,77 87.33 150
o T0.46 72427 T2.66 73:39 TleB4 T l6 72,46 1.2H
V 114,41 116485 116,03 116,84 117,26 116,61 116,28 1.00
W 102,51 103402 101417 101,60 103497 104445 102,74 1.22
LL 92,00 94,22 91438 94,54 9ARLIT 9B L0 94,77 2495
VELT =  1196.921 « 4,5297 X, W= ,942 ALL LOTS.
VELT = 173B9.177 « 4e6la3 X, R= 913 EXCLUDE LOTS ReV,
VELT = 1379.951 + 447037 X, Rz o768 EXCLUDE | DTS HeVeQoel,
VELT = 04762 + 9,3564 X, Rz ,B43 EXCLUDE  OTS ReVeQeUePoT,
VEL7?T = 1 359,952 «+ 5.,0058 X, R= o946 INCLUDE LOTS JeKel sPsQeSeTolow
VEL7 = =107.107 + 425,5460 X, R= ,938 ALL LNTS LOG FIT,
VELS = 765,469 + 446835 X, K= 958 ALL LOTS,
VELS = 728,806 + 5.0818 X, R= ,9%90 EXCLUDE LOTS ReV,
! VELS = 184046 + 641824 X, R= ,9CG3 EXCLUDE LOTS ReVeQeU,
VELS = 4554540 727760 X, R= 810 EXCLUDE LOTS ReVeQslUsPsT,
VELS = 713.191 5.2881 X, R= 4958 INCLUNF LOTS JeelLePs0eSeTeUsW
VELS = =795,669 + 4641,3117 X, R= ,65%7 ALL LOTS LOG FIT,
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Table 46

RQA (9 C,

4-28, 2)

PELATIVE ONICKNESS 8Y AVERAGED REFERENCE FIRINGS

-
- rx.

[

X (.
~ X
-

ME<T—A0TocUVZz I

-~

VEL?
VELY
VEL7
VEL7
VEL7?
VEL7
VELS
VELS
VELS
VELS

TTVUVUVDUTTCL
VT OO UOTMmMm
-
S 1V,

pp
PP
PP
PP
PP

0
he]
SO VPP~~~

100.77

104,33

1 4
105.95 109.24
99.58 103.49
100,14 100,14
IB,94 100,86
100.0¢2
96.42
97.93
166453
90,38
76,71
126610
107.86
84412
66.86
119.58
101.91
91.98

96.66
92.36

85,54
77.09
i25.23
106.84
B1.09
64,09
115,47
100.64
89,29

l4Ba 022
1478,555
1499.264%
1234,475
1451.112
793,642
A58 ,029
R29.026
T70e341
7175.412
HlZ2e824
=372 .994
«-5,145
«820

-H. 486
-52.069
~3,721
~-139.272
« 7197
1.512
~2.u457
“h a2
YA

-00 4249

L L O T L [ T T [ I I TR T TR TR TR [ I B |

“"f:iizunssgssrfwnn:t:ﬂmiﬁEﬁﬁjnanlnnmﬁillr*4

1
1
1
i
1

1

1
1

1

000000000000#0000000004‘0

3
09,55
04,97
01,47
01,95
nNNe16
Q6,99
Q6,22
fo,v4
QU402
78,R¢
26,62
NR,33
83,73
6707
17.57
09,77
ARL1]

3d.6406
3.7046
3.4978
6.0704
4,0840
33R,3648
3.7431
4.0613
4,.,5R2b
4.5958
4,2792
349,357
e 42%4

+ 350«
4516
+B755
o424l
38,4477
1230
1204

e 1597

e 19RH
«1337
11725

4

196.44
101,86
102,48
104,64
99,51
39,67
Q7.51
104,57
9l.713
TB4R
176,23
107.77
R4 .66
6804
118460
894,43
92470

Xe
X
Xe
Ko
Xe
KXo
X
Xe
X
X
X
Xe
X
X,
Xa
Yo
Xe
X,
X,

P D D e

5
10R«29
102422
101,42
100472
100416

99,01
Yue?l
103,93
894,65
78488
124436
103,96
83,03
65,39
120611

107.90
102.75
100,46
100,77
102,47
100,v7
96,179
105.53
93.66
7724
127.26
109,76
87.%5
690!u
119,89

6 AV

107.90
102 4R
100496
101,32
10047
98,13
95,77
104.81
90.16
7792
125.97
10742
Bb 4 05
66477
118454

103.55 103./2 101.50

9K 49

R= .930
R= «893
R= o708
R= 4692
R= .932
R= ,97¢
R= 09“0
R= ,97%
R= +8729
R= 46U5
R= 4936
R= ,941
= JB4Y4
R= o734

= 4590
R= 2612

= 4HB7AR
R= o817
R= H6HH

= 4 TH9
R= 4684
R= 4510
R= <879
R= L850

114

98,60

93,18

ALL LOTS,

EXCLUDE LOTS
EXCLUDFE LOTS
EXCLUNE LOTS
INCLUDFE LOTS
ALL LOTS LOG
ALL LOTS,.

EXCLUDE LOTS
EXCLUDF LOTS
EXCLUNE LOTS
INCLUDE LOTS
ALL LOTS LOG
aLL L0715,

EXCLUDF LOTS
EXCLUDF LOTS
FACLUDE LOTS
TNCLUDF LOTS
ALL LLOTS LOG
ALL LOTS,

EXCLUNDE LOTYS
EXCLUDF LOTS
tXCLUNE LOTS
IHCLUDF LOTS
ALL LOTS LOG

[=]

KeVeQoU,
ReVeQslUePye T,

TAFCPNT IV SO

SD
1.46
1.80

« 96
1.89

«93
1.62
1.93
1,02
2469

«93
1.03
1.95
2elo
1.82
1,77
1.86
450

QVQ

JeKsl sPeQeSsTeUsW

F

R

FoeVeQoell,
RKeVeQeUsPosT,

Iv.

oV,

JIKsL ePoQeSeTolUoW
F“IT.

e

HeVeQolU,
HaVeQelUsPoeT,

’V.

JaKsol ePeQeSeToelUewW

F

[

FQV!Q'U.
HaVeQrUsPeT,

I7T.

'V,

JeKslL vPeQeSeTel)ewW

F

1T,
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TABLE 47. REFERENCE SELF RQ (RC, 4-28,2)

(J=K=L) 100600 103,49 103,27 103.00 104,98 102.92

o (J=K=1.) 97.56 100,00 99,61 99,52 101,23 99,66
" (JeK=l) 9811 100.43 100.00 99,93 401,62 100,11
o (J“K’L) 98’06 100050 lOO,UQ 100000 101072 100015
(J=K=L} 96.58 98,84 98,41 98,35 100.00 98,52

(J=K=L) 97.78 100.38 100,02 99,90 101,65 100,00

r (JL=JUKL) 100.00 102,54 102.86 101.99 102.16 100,24

) (JL=JKL) 9789 100,00 100,18 99.47 99,70 97.94
(JL-UKL) 97 .85 96,86 100,00 99,33 39,58 97 R6

(JL=JKL) 98440 100,54 100,72 100,00 100,23 98,46

(JL=-UKL) 98,13 100432 100,52 59,78 100,00 98,22

(JL=UKL) 99,86 102.19 102,44 10165 101,85 100,00

(LL=UKLL) 106,00 108,40 108,66 108,77 1XI1.R1 108,33

(LL=JKLL)} 93,36 100.00 99,93 100.14 102,58 99,33

(LL=JKLL) 93,67 100,13 100,00 100.23 102,61 99,35

! (LL~=JKLL) 93,39 99,89 99,78 100.00 102,39 99,14

(LL=~JKLL) 91,50 97 4 65 97,49 97.73 100.00 96,82

(LL=JKLL) 94,56 100,89 100,73 100497 103,30 100,00

(M=N) 100.00 100.64 101,52 101.47 101.58 101.50

' (M=N) 98,77 99,32 100,00 99,98 100,16 100.13
‘ (M=N) 98.79 99,35 100,04 100.00 100,18 100.16

e ~

(M=N) 98458 994,17 99,95 99,91 100,05 100.00
(P=T) 100,00 10132 102.69 102.75 102,92 104,56

1 (P=T) 98,72 100,00 101,32 101.38 401,55 103,18
(P=T)  97+49 98,74 100,00 100405 100.272 101,85
(P=T) 97446  98.70 99,96 100,00 100,17 101,79
(P=T)  97.30 98.54 99.79 99.86 100.00 101.62
(P=-T1  95.75 96.98 98.24 68,27 98.43 100.00
(Q-U) 100.00 101.57 101,76 100,94 101,80 101,66
(Q-U)  9He47 100,00 100,19 59,39 100,25 100,10
= (0~U)  98.32 99.86 100,00 99,22 400,07 99,9
- (0-U)  99.09 100.64 100.80 100.00 100,86 100.72

: (0+U)  98.24  99.79 99.95 99,16 100.00 $9.87
] (Q~U) _98.37 99,91 100,09 99.29 400,14 100,00
: (R=S) 10000  99.42 101.22 101.40 100.35 98,07
‘ (R=S) 100459 100,00 101,83 102.00 400,95 99,49
! (R=S) 98,63 98.05 99.83 100.00 98,97 97.56
: (R=S) 99,65 99,07 100,87 101.06 400,00 98,58
” (R=S)  101.15 100,54 102,40 102,55 101,50 100,00
(VeW) 100.00 101.35 101.58  99.13 98.19 102,47
(VW)  98.75 100.00 100,24 97.83 96,96 101,12
(V=W)  98.51 99.77 100.00 97.60 96.72 100,848
(V=W) 100,94 102,24 102,48 100,00 99,11 103.37
(VW) 101.84 103.21 103,45 100.95 100,90 104.36
(V—-W) 97 .65 98,91 99,13 96,74 95 ,.,R8 100,00
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TABLE 48,

(J=K=L)
(J=K=L)
(J=K=L)
(J=K=L)
(J=K=L)
(J=K=L)
(JL=-UKL)
(JL=JKL)}
(JL=JUKL)
(JL=-UKL)
(JL=UKL?
(JL=JKL)
{(LL=JKLL)
(LL=JUKLL}
(LL=JUKLL)
(LL=UKLL)
(LL=JKLL)
(LL=-Jxil)
(M=%)
(M=N)
(M=N)
(M==N)
(M=N)
(M=N)
(P=T)
(P=T)
(P~T)
(P=T)
(P=T)
(P=T)
(=)
{O=U)
(Q=-u?
(=)
(Q=-U)
(Q=U)
(R=S)
(R=S)
(R=S)
(R=S}
(R=5)
(R=5)
(V=W)
(V=W)
(V=w)
(V=w)
(V=W)
(V~W)

i

REFERENCE SELF RQ

(9pt, 4-28,2)

b AL it

100.00 109.04 110.34 108453 112,63 107.1%
94443 100.00 100,53 99,33 102,33 98,96
94,39 39,57 1060.00 98,88 101,76 98,63
95.22 100,72 101,23 100.00 103,02 95,71
92,94 G7.91 98,30 97.21 100,00 97.01
95,07 101.18 101,83 100.54 103,69 100,00

106,00 106640 107,67 105.25 105,40 101,76
95,06 100,60 100,50 98.94 99, P4 96,15
95409 GG,69 100,00 98,67 98,99 96,00
96407 101,08 101,58 100.90 100,31 97.18
95,68 10079 101,37 99,72 100,00 96,85
G864 104,26 106,96 103,12 203,37 100,00

100600 113.90 116,14 115.72 121,08 117.00
90«51 100,00 100,94 100.88 L04,51 100.92
90e34 99,27 100,00 1Nn0.00 403,41l 96, R4
90.18 99,24 100.02 100,00 103,47 96,9¢
BT.79 96417 96,78 96481 100,090 96,54
91.01 99465 100,27 100630 403,50 100.00

10000 10080 103.77 103.61 102,30 102.04
99,27 10000 102.76 102.60 101,490 101.19
97434 97.90 1u0,00 99,91 99,03 98,96
97,439 G7,97 100,11 100.00 99,11 99,03
98409 98,74 1¢1.18 101.06 100,00 99,86
98,17 98,86 101,44 101430 100,18 100,00

10000 10251 1u4.72 105456 105,76 107.78
97469 100,00 102.08 102.88 103,05 105,03
G5 o AP 9R,11  109.00 100477 i00,90 102.R8
95,412 97,39 99 .25 100.00 100,12 102,07
95,07 97,31 99,15 99489 100,00 101,95

_93,26 95,46 97,30 98,07 94,12 100,00

10000 101.28 103.21 1¢1.23 103,08 102.13
98,7« 100,00 101,90 99,95 101,77 100,484
9720 9B.64 100,00 98,25 100,04 99,17
98,87 100,13 101.R8 100.00 101,84 100,92
97410 98,34 100.06 98423 L00.00 99,12
97 .95 99,20 100,98 99,11 100,94 100,00
100,00 98,59 101,21 101,08 100,725 97.39
101.50 100,00 102.74 102.57 101,74 94,74
98,484 97,65 100,00 99,90 99,07 96,32
QB 495 97.53 100,14 100,00 99,19 96, 34
Y977 9a,35% 100,96 10083 100,00 97,17
10299 10le4) 104,31 104407 103,76 100.00
10000 103,15 103,91 100.67 97.9¢ 104,62
37.22 100,0¢ 100,730 97.60 95,22 101,36
96495 99,71 1u0,00 97,32 G4,96 101,06
99,62 102.5¢ 102,80 100,00 97,58 103,89

10208 105,30 105,63 102.74 100,00 106,77
95,496 OH , AH Gk, 96 96,431 Y4,.060 100,00
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Table 49 AQ (RC, 4-28, 1)

PRESSURE RANGE 4 TN 2Ry DELTA KPSI= 1

R AR D v o e D R T n T D A P W S TR WS Y - D g U W AT e N B S p e TP B e e W A (8 B TP e e A

ABSOLUTE QUICKNESS (PSI/MICROSFC)

1 2 3 « 133 6 AV SD

J 15,281 154450 15,390 15,312 15,397 15,435 15.378 « 067

K 144974 154232 15,279 15.108 15,124 15.107 15,147 « 107

L 14.949 14,882 15,009 15,085 14,992 14,962 14.980 068

JL 15,038 154131 15,208 15.412 15.1i4 15,182 15.181 128
JKL 15154 15:.074 154129 15,032 15,084 15,280 15.125 .087
JRLL 140697 14,600 16,656 14.890 14,803 14,890 14,756 1723
16,145 144566 16,502 16594 164,291 14,537 14,439 .180
15,519 154698 15,516 15502 15,487 15,6€2 15.558 . 084
13591 14,051 14,038 14¢101 14,00k 144293 1644013 231
12628 124521 12.884 124727 12,797 12,622 12.697 «132
18,777 18.862 18,89) 1R«.876 18,725 19,0148 1A.858 «101
16702 16,705 16,861 16773 16,320 16,974 164723 0223
13.022 134338 13377 13.457 13,234 13,750 13.365 » 245
10914 112229 114265 11397 11.103 11,3505 11.256 «210
17.891 184299 18,093 184218 18,332 16.211 1R8.184 e 1686
15,5965 16,065 15,774 154812 164230 16,245 164017 «203
LL 13,964 14,237 13,870 14,272 14,740 14,716 14,300 e 365
(J=K=L) 16,501 14,910 14854 144858 15,061 14,616 14,833 .186
(JL=JKL) 14,820 15,153 15,203 15.061 15,101 14,826 15,03) o167
{(LL=JKLL) 14,089 16,995 14,987 15,017 15,353 14.875 14.884 423
{M=N) 154135 15,218 15,346 15291 15,337 15,348 15.279 . 086
(P=T) 15,029 15,255 15.503 15,515 15,201 15,742 15.42] 242
(Q=U) 15,588 15,763 15,844 15,720 15,873 15,819 15,768 104
{R=S) 15,739 15,673 15,928 154947 15,826 15,5024 15,778 . 152
(VW) 15,666 15,954 15,954 15,616 15,414 16,079 15.780 255
(5=HEX) 11.078 20.643 15,519 15,427 15,940 15,992 0.000 0.000

ES<CHAU0NODOoTZX

VELT = 14lle322 ¢+ 28,7063 X, R= 4,954 ALL LOTS.

VELT = 1346,357 + 33,301% X, R= ,9¢5 EXCLUDF LOTS ReVo

VEL7?7 = 1341.825 + 33,5908 X, R= 867 EXCLUDE LOTS ReVeQsll,

VELT = 11604304 ¢ 45,2548 X, R= 8482 £XCLUDF LOTS ReVeQeUsPsT,

VELT = 113194446 + 35,6050 X, R= 977 INCLUDF LOTS JeK<LsPeQeSeToUoW
VELT = HKB2,075 + 429,46R5 X, R= ,959 ALL {NTS uLnNG FIT,

VELS = TROE517 ¢ 29,2731 X, Rs 958 ALl LOTS.

VELS = 6B6.,610 + 36,3358 X, R= ,978 EXCLUDF LOTS ReV,

VELS = 606,580 + 41.71en X, R= ,963 EXCLUNDE LOTS ReVeQoU,

VELS = 60R, 068 + 41,5104 X, Rr (935 ERCLUDFE LOTS ReVeQsUsPsT.

VELS = 671,420 ¢ 37,5420 X, Rz L9987 (NCLUNF LOTS JeKel 9P 9sQesSeTeUsW
VELS = 8,159 ¢ 439,6R92 X, R= ,9A7 ALL L0OTS LOG FIT,
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Table 50 AQ (9 ¢, 4-28, 1)

PRESSURE RANGE & T Z2Ae DFLTA KPS[= 1}

ABSOLUTE QUICKNESS (PSI/MICROSEC)

1 2 3 a4 5 o AV SD

J 3615 J.6B3  1,6R5 14627 3,663 3,664 3,656 s029

K 34512 3.605 3,636 3.567 3,574 3,587 3,579 . 042

L 3,502 36498 3,560 1,559 3,532 3,517 3.%2¢ .023

JL o 3,532 34570 3,601 34670 3.565 3,584 3,587 SUa7
JEL 3,586 34551 3,570 1 544 3,557 3621 3.57) L0024
JELL 34417 34400 3,415 346488 3,466 3,494 3,446 V4l

M 3,251 364371 34355 34383 3,295 3,367 3,337 U2
N 34683 3734 3,680 33.692 3,664 3,115 3,694 026
P 3,182 3,350 34339 34365 3,320 3.496 3,335 .CR9
Q24957 24927 3.024 2997 3,014 24964  2.980 037
[ 4773 we 7199 GoaH31] LGab )P WweluB 4o H46 44807 . 037
S 44024 44085 4,0H9 4077 3,926 44138 4,051 .072
T 3,006 34118 34118 341372 3,086 3,239 3.116 2076
U 2.466 24556 2,558 24600 o512 2,634 2,554 060
Vo 4,379 44530 6,430 465072 4,550 4544 4.490 L0071
W 3.814 3eb54 3,771 3761 3,917 3,914 3.839 .068

LL 34233 30305 3.cl7 a314 3,449 3,493 3,328 102
(J=K=L) 3,364 34500 3,500 el 3,553 3,465 3.477 L 065
(JL=JKL) 34451 JabHe 3.603 3967 3,560 3,472 3534 062
(LU=JKLL}Y 3,24R Jea97 3.503 .509 3,009 3487 R YA +120
(M=N} 3.55¢ 3.550 Tt 7 Jub 8 3.625 34640 3,600 « 034
(P=T) 3.956 34639 3.72A 1e 739 34738 3,194 1e69IK L U86
(Q=U) 3,766 3.814 34810 Ja416G 3, H65 JaB841) 1,831 JUGL
(R-S) 3,832 3.400 Jh2 Jerbs 3. h66 3,737 j.R3¢c . 059
(V=-W) 3770 3. d45S 3.,9C2 Ja797 3,70¢ 3,938 o H 3y U9
(o=tF N} 2.511 44979 1,729 JaRIN 3 BHZ2 34319 (.00 0,000

voe -t

VELT = 14904080 ¢ 9K,6217 X, KR ,945% ALL N1y,
VELT = 1397313 ¢ 126,3730 X, =2 4957 EXCLUDYE LOTS eV,
VELT = 1407673 ¢ 1495176 X, R= .888 EXCLUDE LUTS reVeel,
VELT = 13264579 « 1453800 X, R oHBI7T EACLUDE LOTS keVeldsUsPeT,
VELT = 1374991 + 130.24206 X, K= o983 JTNCLUDE LOTS JeKalsPs0sSeTeUswW
VELT = 13R6a258 ¢ 3011770 Xxo K= o959 ALL LOTYS LoG FIT,
- Vet = HT1leHT9 + QU 180~ X, Rz L9935 ALL LO1S,
VELS = 74R 4596 +« 136,067 71 X, R 8723 FACLUNGE LOTS wevy
VELS = TOHGTYG + Ja i 0977 x, wo gn 66 FACLUDE LOTS waVeQoll,
f VELS = T62e163 + 13249330 A, W= w920 LACLUDE LOTS haVelstebal,
VEL S x 733.873 ¢+ ludlsu39 x, o W8S THICL UL LTS kel ePadeSeyTalUew
* VELS = 165,030 ¢+ 365.0982 X, R o LUta ALL L olS Lo e [T,




i - s T e Y « >
Table 51 RQ ( RC, 4-28, 1)
RELATIVE GUICKNFESS
1 l 3 4 5 6 AV SO
J 105.82 103.81 103,59 103,54 10254 104,19 1n03,9) 1,08
K 102464 101458 102,15 101,36 99,86 101,29 101,51 « 94
L 102.65 99,44 100478 101,3F 99,27 10035 100400 1.26
JU 100697 99,80 99,95 Inl,.B88 G3,80 101,96 1no,72 1.01
JKL 101435 99.35 Q99,50 89,3Rr 99,43 102,41 100.20 1.32
JKLL 104,33 96,97 97,50 GBSH 96,00 99,66 QA x4 ?.97
M Qa,‘)é 97.3R qh.“g Q7031 95.04 9'3»“9 Rl 1.07
N 102452 103.10 101442 101.27 101437 101,94 10194 o 14
P 90031 91.“8 QO.")F\ 91.29' 900‘0“ QO.dg VIR S 0 ._()Q
Q 81058 79090 R?.l? ’:‘106"3 H1023 “0037 “lelsm . 36
R OI18.72 120409 118,198 117,84 11H.15 121.69 119411 1otH
S 10743 107,75 107414 105,97 104442 109:%4 107,11 1.86
T H?.?h 87.72 H""-U3 H7097 Bt‘a()l H?oy-’ R"o:j? 07“"
U T1.94 712432 172481 T3eRR  T1le84 73,95 72,70 .94
V 1164483 115.91 115,04 117,89 119463 114.48 116430 204
W 102.83 102+:39 1n0.63 103,27 106448 102,46 1n2e97 1.97
LL 9R 30 94,49 Q2,5R Q4a07 95,72 GB.52 895,71 2.32
VELT = 1394976 + 445512 X, R= L,941 ALL 0TS,
VELT = 13R6.223 + 4,647 X, = o912 EXCLUDE LOTS KV,
VELT? = 137B:.314 + G229 Xo R= o768 EXCLUNF LOTS HeVyQeU,
VELLT = K62 eHBT # G TT70 Xo R= o857 EXCLUNE LOTS KaVeQoUsbaT,
VELT = 11564529 + Sa06443 Xy Rz (94A INCLUDE LOTS JsKelL ePyQeSeTotlew
VELT = =1184HB09 + 428,1268 X, rR= ,937 ALL LLOTS LOG +1T,
VELS = 761860 + G 7219 Xy Rz G461 ALL LOTS.
VELY = 722.815 + He 1499 X, K= L9%4 EXCLUDFE LOTS kaeV,
VELS = A06.810 « o901 X, = G916 EXCLUDE LOTS kKeVeQoeld,
VELS = TRY JYH » Het2hU0 Xy R= 4853 FXCLUNDE LOTS ReVeQolUsF s T,
VELS = 7004927 + S5a356Y X, R= v9c3 INCLUDE LOYS JsKaLaPsQoeSeTolew
Vi LS = ~H]lbabIY ¢ wlL5.47/0 X, = G99t ALL LTS LOG + 1T,
[SYS R4 = B GTR I 2D 304 X, W= JHeT AL ULN0TS,
rEo7 = ~Y.u%] < aitbah A, = o172 EXCLULIE LOTS ReV.
pP7 = 27911 + fHGul X, Rz o671 EXCLUDE LOTS KeVeQelU,
O 7 = “11HBabab 145376 K, R= ¢H76 EXCLUDE LOTS koeVeUQsUsky T,
[SISE = bl o JHINY X, R= oREY INCLUDE LOTS JeKasl oPaQeSsTrUoew
PP T 5 w90l v 49,591 M X, KT LJHL4 ALL LOTYS LOG F T,
PPRS = ~2 669 + 1616 X, = GHOs ALL LOTS,
[CTSIIN = ~lJYUHT + 158 e X, R= M3 EXCLUDE LT eV,
PERoS = -y ,a 0% » o 23N X, = G4 FACLODE LOTS HaVeQal),
[STVEEN = ~H MY 3 e 39T 7 X, Rz o7 FXRCLUDE LOYTS FaVeQeUab s,
[STSIEN -3 UMN0 - JHETOH Xy R HAIU INCLURE LOTS JeKel oPaQeSelellew
| O R L 191626 X, R=- 8l ALL L nTe 06 FIT,
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Table 52 RQ (9 C, 4-28, 1)

RELATIVE GUICKMESS

1 2 3 4 5 6 AV SO
112474 10679 106418 105,28 103676 107435 107407 3.07
105.84 102.67 103428 10185 99,68 10315 102.74 2.01
106418 99.72 1IN0,74 102,09 9YH92 101406 101,45 2456
JL 102.53 499.51 QG942 103423 9984 102.95 101431 1.76
JEKL 104629 Y882 OGRGH9 G9,05 9944l 104421 100,74 2473

JEKLL 10679 96450 96,39 98,69 9572 99,58 98,86 4420

-~ X

M 33,82 97.26 Y441 95,95 93,62 96,19 95,21 lea 7

N 105.58 106420 10177 102,65 10280 106442 103.91 177

P 89,01 9] 487 R9,53 QU .37 88717 90420 RGY 495 113

Q TR .58 76494 THe37 78,80 7809 77439 TH03 o7

R 124,66 126,78 124,50 123078 122589 129.80 125,47 2eS4G

S 106488 106459 107617 1759¢72% 103629 112.08 107,38 289

T 84 .40 35,47 R3 484 R4, 21 Bl eb 4 BS5417 ARG ¢ 29 1.01

U 65,92 67.30 the9l 68,61 65.66 6B.Y8 K7.23 1.30

V 17,06 117475 11587 120,08 124405 116,91 118,55 3.06

W 101.96 100.68 9B.40 101,09 107,02 100.B8 101.67 2.87

LL 9R,.15 92.T7 RG,56 Q3,10 Q64 e T3 9B,3% Gh 44 3.39
VELT = 1479.904 « F,6871 KXo R= 4979 ALY LOT4,
VELT = 1473.826 + 3.7537 re K= 892 EXCLUDF LOTS RaeVe.
VELT = 1494.,370 + Fa06R2 X, R= L7un EXCLUDF LOTS ReVeQoelU,
VEL7T = 1192,196 +« HeBT74 Xg R= L7000 EXCLUNF LOTS ReVeQellaPaT,
VELT = 1446917 + LalP2RO X, R= o930 IhCLUOE LOTS JsKeL sPs)sSeTelUs W
vVeEL7? = PTPeTT9 + 342.9123 X R= 4925 ALL LOTS LOG H1IT.
VELS = R51,804 « J.HBO06Y X, K= 944 ALL LOTS,
VELS = HllelH3 ¢ Gelupl Xo Rz L9 EXCLUDE LUTS eV,
VELS = 759,822 + 47501 X, Ko JRee EACILUGE LOTS keVelsU,
VELS = 716,650 « Sel 738 X, R o640 FACLUNDFE LOTS ReVeQoellsPeT,
VELS = RS HTL 43506 X, R= 4639 THCLUNE LOTS Jekel sPs(eSaToilow
VELS = =4DUaHH9 « 355,4379 X, KNz o964 ALL LOTS LOG FYT,




Table 53 AREA P-T (RC, 10 to 90% FPP)

Q AREA P-T CURVE(PSI-SEC) FROM 10 TO .90 PP
1 2 3 4 5 6 Av SD
J B8B417 89.54 90,17 R9,73 9102 89.80 89,75 «93
3 K B7¢12 B87.50 87412 RT7,56 B9.58 87.£3 87,79 92
1 L 9029 9184 89,01 89.73 8815 86445 89,24 1.8S

JU 90.57 87.67 90,88 88,531 89.64 90,5 89,67 1.32
r JKL 86,92 B87.35 BT7.66 90,41 B89¢90 90,69 88,82 1.69
JKLL 86,08 90,82 87.81 90,24 B87.93 89,5 a8.74 1,78

97.65 9€,18 96,28 93.99 95.18 95,95 95,87 1.22
89.91 87,88 A9,1]1 AB.24 8B«69 86,65 80,41 1.12
105.34 102,68 102.19 112,69 103+56 106,33 [03.80 1.67
11611 115,87 115,39 117.28 11572 117,85 116.37 97
76,45 T6.34 76,88 75,45 76496 TT,35 7T6.57 «66

B6,72 88.22 84450 86,54 B6427 83,49 85,95 1.790
105,04 104,59 103,43 103,79 106420 103,84 104,48 1.03
122.02 122402 11971 120.91 120413 122.12 121,15 1.06

76,08 T4.28 T&e491 764,60 7S5¢49 75.05 75,40 84

BS,TC¢ B85.75 89,18 B6.,95 B8B4+87 85,47 86,32 1.55

LL 89412 657.35 60428 BBeS5S 90080 89,97 A9,34 1.27
(J=K=L) 90,29 87.95 91.16 91,05 90,27 87,95 ~8~3,78 1:46

.

ECCH4VBDODVDZZX

(JL=JKL) 89,71 90.72 90413 ARB.94 90675 90,22 90.04 .68
(LL=JKLL) 90470 B6.82 R9,31 BB,49 B3eb4 87,84 87,80 243
(4=N)  BBe¢77 86.09 R6.80 Hl b6 86652 B88,01 16,94 «69
i, (P=T) 91,10 9331 R9O,57 093,49 91425 89,43 91.34 1.78
! (G=U) 91,48 6S0.33 S1.39 RIO6 92.08 90,96 91,03 719
(R=5) 90.84 91.35 92,97 92.231 90.29 88,71 91.06 1.50
l (VW) 92.33 91,62 B9,80 94.57 91.35 92,68 097,07 1.58
(6=HEX) 120.83 68.71 091,62 88,51 91.65 89,13 0.00 0.00
! VELT = 27214¢974% + =3,97R6 X, R==,889 ALL LOTS.
! VEL? = 21814351 « =3,6489 X, Rz==,848 EXCLUGE LOTS ReVe
: VELT = 21604109 +« =3,1946 X, R==¢597 LXCLUDF LOTS PsVeQsl,
it VELT = 2432.383 ¢ =6,4933 X, ==,530 EXCLUDE LOTS KeVeQeUsPaT,
i VEL7 = 2243.89% o -4,18B99 X, R==,903 INCLUDF LOTS JsKol sPsQeSeTotUsW
VEL? = 3000.856 +=-385,08R9 X, R=-,894 ALL LOTS LOG FIT.
. VELS = 16284039 +  =6.2937 X, R=-,944 ALL LOTS,
3 VELYS = 16204082 +  =4,2189 X, k==49725 LXCLUDE LOTS ReV.
% VELS = 1698491 «  =5,0R73 X, K==4858 EXCLUDF LOTS keVeQeU,
- VELS = JRHG o 2HG + -TJl1t37 X, Re=og6 77 EXCLUDE LOTS ReVololUsPoel,
VELS = 166l R4 « =L M TTHY X, Wo= i INCLUNE LOTS JeRebl oP e QsSsTotlew
g J VELS = 31194657 +=ul7.891uU X Ha=.967 ALL 1015 LuG F1T.




e

Ec<C 002X

4 L
g (J=K=L)
(JL=UKL)
g \LL=JKLL)
£ (M=N)
5 (P=T)
(Q=Uy
(R=S)
g (VW)
5 (6=HEX)

; : VEL?
\ VELT
} VELT
VELT
VEL?
VELT
‘ VELS
VELS
f VELS
} VELS
VELS
VELS

Table 54

AREA P=~T CURVE (PSI-SEC) FROM

| 2
91.94 2. 64
90:33 90.64
90«41 9159
20,62 91l.04
90,72 91,19
89.55 G0.8¢
98.59 97,17
90.80 89,85

106,76 106,42
118,90 119:66
T9.45 T9.,31
BT7a45 88,68
107.61 108,23
122.76 125413
78«71 78,29
88,84 88,20
92,36 90,67
S0l 93,37
9G.64 90,583
92.40 88,90
89.37 89,21
94,87 93,80
93.86 92.53
9466 93,70
92,70 93,41
124425 71,06
= 222i.25%6
= 21B1.974
= 2130.29%
= 2365.361
= 2250995
= 3648,519
=  1637.393
= 1623.51%
= 1A97.271
= 1R96,548
= 1671.372
= 3184.,460

T AR NP P T ey

ot d HERs e
g
e T

ARER P-T (9 C, 10 to 90% PP)
«10 YO «G0 PP,

3 “ 5 6 AV S0
93,82 92,17 2. 70 92611 92¢53 +69
11D 90,60 HBlaléd 350,75 90,76 31
91,07 90,71 91e35 99,63 90,95 s
91653 Qle43 91:46 90.90 9l,1lv o 4C
0643 31,08 $0c97 90.72 90+ 8% « 28
90+60 40,20 0488 90,16 00,38 51
9T434 97,55 98,32 97.83 97,80 56
Q0477 9L T9 92449 90,48 91,03 «95

105479 10€.07 105.44 107,07 106426 el

1172009 113,60 11806 119,78 118,92 1.03

7986 T NA3  79.50 T8B.E5 79,25 54

RBL02 BEB.66 89,09 B7:"4 88,24 o867

l07001 105082 l08Q03 105.0“ 10700ﬁ 1011

123,43 123.70 12274 ;23009 123061 «83

TBIE T8BL37T TB>TE 79,05 78,59 «30

89,36 AB.47 bR.39 HB7.83 8/8,5]) «53

914,15 91419 90,52 20,68 91.0% « 68

Q2095 Q2,73 91.33 91.49 91455 .98

9238 91455 B0¢9: 92,U9 91,41 o7l

R9,5C 89,13 B7.85 3150 BI,88 1.72

9063 91,083 89.55 88,70 89,78 «8Y

93992 03.65 94.25 93@04 93.84 065

Q452 93,85 92,72 92.0¢ 93,42 o7

33,72 92,91 33.78 2486 3. 64 «66

93,39 95,22 %4.25 93.00 93,66 «92

94-5“ 91.9“ 92»25 91.03 0000 0000

+ ~3,9469 X, R==4881 ALL LOTS.

+ ~3.5709 X. R='483g EX‘:(UDE LOTS ReVe

+ "'3301"5 x' R="9573 EXCLUDE LOTi‘ ReVoedslU,

¢+ =5.,9338 ¥y, R==~,46% EACLUDE LOTS RaVeQylisPsT,
+  =4,1588 X, R:~,900 INCLUDE LOTS JesKeL P eQeSoTelUeW
+~396,40064 X, ==,886 ALL ,0T7S LG FIT,

+  =4,2863 X, R==,942 ALL LOTS.

¢+ =4,1536 X, ==,922 EXCLUDFE LUTE RV,

+ =4,9536 X, R==.841 EXCLUDE LOTS Re¥WeDeU,

+ =T7.1481 X, R=—=,A52 EXCLUDE LOYS ReVeQvlUsP3 7,
+  =4,5610 X, ==, 946 [NCLUDE LOTS JeKel sPsQsSeToUsw
+=429,8515 X, R==,946 ALL LOTS LOG FIV.
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Table 55 Peak Pressures and RF (Picatinny)

PEAK PRESSURE (KPST)

KC*‘O‘DI<U)2"(_

(R=Seyei)
(P=Q=T~U)

1
32.08
3169
31.48
31.98
30,54
29,71}
31.11
30,87
30,18
29.16
3l.66
31.29
31,05

2
31.89
3ledds
31,75
30,59
J0.22
29,37
3Dec
3056 ¢
29,88
284,86
Ji.59
K3 I T
30.60

RELATIVE FnRCE

C—(O"DS’.(MIJT"C_

VELT
VELE
PP 7
PP 5

i
101,22
100,07
100.62

99,34
97.72
94,94
100,19
99,40
537.18
92,990

L I T

2
100,96
99449
101.94
98,21
ST.02
94432
101.05
100.26
9767
94,32

1843,119
1237.270

35.772
13.398

1

1

+* 4+ ¢+ 2

3 AV
31,57 231,84
31456 131,%¢
3le24 31,49
30,24 20,64
29.87 130,22
29,02 29,37
31,14 31,06
30,16 130,57
29,79 29,95
28,71 28,91
31.76 131,67
30.24 31,12
30,33 130,66

3 AV
29,41 100,53
99.37 99.64
00,98 101,18
97«76 GB,44
56454 7,10
93.81 94,36
02.67 101,30
99.42 99,6,
98.23 97,49
94,65 94,29

« 0664 X,
~,0938 X
« 0277 X,
20034 X1,

SD

24
«13
25
242
35
«34
012
«37
20
23
08
18
37

Sh
«98
+38
068
cB82
¢ 59
e57
126
e %9
Y4

v 38

R= L,029 LOT5S FeKsL aP 90 eRISeToUsVow,
R=~,038 LOIS SoK el yPsQsRISsToUpVoeW,
R= 4062 LOTS J;KOL’PthR959T'UoV9W.
R= ,038 LOTS JoroL «PeQoRsSeTyUsVol,
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AREA DP/DT
1
J 114.13
L 112.19
R 128.94
S 109445
v 1i8.82
W 94.89
P 93.39
Q 79.62
T 83.99
U 65,13
K 110,63
R=S=V~=W) 110.23
P-Q=T=U) 108.°21
VELT = 1
VELS =
PP 7 =
PP S =
PRESSURE

ABSOLUTE QUICKNMNESS

1

X C~C DESWVOr o

Table 56

AREA DP/DT vs P ({(Picatinny)

VS P CURVE(KPSI-KRPSII/(MS)

2
110.66 1
107.25 1
134.¢0 1
105.84 1
il7ve?22 1
53,93
92-67

79.15
81.%0
64411
110,53 1
108.672 1
103.50C 1

544,649
515.376
40111
3,251

+* &+ 5 &

Table

RANGE 8

2

3.646 3,593
3.702 3.625
40122 40455
3.950 3.92¢
6,312 4.298
3.617 3.667
3.230 3.229
2.776 2.812
3,060 3,041
2.491 2.507
4599 3,674

(R=S-V=W) 3,782 3.7A3
(P-Q=T=U} S.77T0 34739

VELT
VELD
PP 7
L

[ 1 [ I 1)

1al2.3%0
437.701
= T+316
~s 197

3

AV

08,66 111.15
10,99 110.14
28.12 130.35%
N4.62 106462
13.76 116460

91,97
92,89
75.74
R0.24
6254

93,60
G298
7817
ARl,91
63493

11.86 111400

07.11 108,68
01,43 104,32
3.0569 X.
3.1448 X,

e 3426 X,
1049 X.

50
2.77
Ced8
3.18
2¢51
259
149

w37
2e12
1e51
130

«73
156
Jeb7?

:'ox;nn
{

867 LOTS JeKoeLoPsGsRsS»ToUsVeW.
«B73 LOIS JsKsLsPsQoeRsSoTeUsVen,
WTT9 LOTS JeKsl.sPs0sReSsTrUsVeW,
2790 LOTS JsKaLoFoQoRsSeToUeVeW,

57 AQ (8-20, 4) (Picatinny)

T0 20

DELTA XPS]=

- D - A D A N W A g o T W A O g O3 (% W wn S A A D A e W W T L S e S W o D T 8D

R o947 LOUS JeKol of?ssRuSeTolUsYeW,
Rz ,961 LOVS JeKsl 9290 eRoSsTolUsVaw,
= ‘,9!? LOTS ,)QKIL")’("PR’C)']’U'V'H.
R o927 LOTS JeKsLsFe0sReSsTolUsVrW,

(PST/MICROSEC)

3 AV SD
3.575 305 <037
3.707 34678 2046
40498 46412 o043
1.986 3,954 «031
44330 4,313 «016
3.680 3.65% .033
3200 34219 2017
2.786 24791 019
2.890  3.032 £ 039
2,476 Pe.49] 015
3,634 1aD46 .038
3814 34793 <018
3,725 3.744 et

+ 106.,7505 X,

v 110.7613 X,

¢ 12.507% X,

¢ A,9380 X,
124
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REFERENCE

K
K
K
(R=5~VY=¥)
(R=S~V-+i)
(ReS=V=W)
(P=-Q=T-U}
{(P=Q=-T=-W)
(P-Q=T=1))

RELATIVE QUICKNESS

1
101.65
102.87
117,635
105,75
115,18

96.99
86,29
74.18
B81.88
66,27

CHOVE<<WVDIrC

VELT 1
VELS
PP 7

PP 5

Table 58

RO (8-20, 4)

K COMPARED WITH SFLF IN 7

100.00
97..87
98,97

100.00
99, ik
99,08

100.00

100.56

101.11

2
37.92
99,46

119.30
105.12
115.02
98.18
86.85
15.74
81.66
67.12

469.203
R32.755
“70055
~4164

102,16
100.00
i01.13
100416
100,00
¢, 2%
99,44
100,00
100.55

3
102.92
118,53
105.54
114,51

97.55
Bf‘u?l
75 .610
50.92
f6.60

4.0

* 4+ 4 &

101,85
98 .68
100.00
100,93
100,77
100,00
98,90
99,46
100,00

AV
49,37
i0l.75
118.49
105,48
114,90
Q7,55
R6E.4G
75.19
Rl .49
656,66

141 X,

4,1693 X,
016&07 X.
s LUARD A,

SD
200
1.98

B4

«33

35

c6h

«35

87

50

3‘?3

R= ,940

= L,956
R= o905
R= 912

RELATIVE QUICKNESS 8Y AVERAGED REFERENCE

1
100.58
1077
117.20
105.36
114.75

96.54
86,76
T4.53
82.33
66.63

~“~ o TEz<C<WVWTr o

—

i

VELT
VELS
PP 7
PP S

2
98.9¢
10C.56
119.006
104.92
Ll4e60
98400
B6a.8Y
19.75
Ble.66
6Ta12

459,183
R32. 744
"7005"?0
'““wlb‘f)

3
98,52
102.89
119.29
106017
115415
Q8,10
85474
75,22
HO 48
66.23

4.0
4ol
iy
.1

> & -+

AV
99,36
10174
118,449
105,48
114490
Q7.5%
REL45
75,18
Rl.49
At b6

1de X,
6936 XA,
B8Oy X,
457 X,

S0
1.08
leil
le12

164

22

87

62

58

eG4

45

Rz ,940
R= 4856
R= L49U5
R= 44912

(Picatinny)

LOTS OF

LOTS
LO!S Jo
LOTS .4,
LOTS 35,

FIMINGS

LOIS e
LOTS U«
LOTS s
LOVS U

3

FIRINGS EAMCH

LePeQeReSsToelUsVewW,
LePoQsR:SeTeUsVew,
LsPsQasReSeTolUoVeW,
LePsQesRsSeTe'JeVeW,

LePeQsReS»ToUsVeW,
LoPeQesR+SsTeUsVew,
LePeWsRsSyTeUsVoew,
LoPeOsReSeTaleVen,

ey
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Table 59 AQ, RQ (8-20, 1) (Picatinny)

PRESSURE RANGE & TO 20 DFLYA KPSI= 1

Ty W A S e o W U AP e AR mas e W G VR AN A aa T W T e W A v au W e ) e S VB S WP an B e ey e U e s S e e

o f.'
. ARSOLUTE QUICKNESS (KPSI/ZMICKOSECQ)

1 l 3 aAv SD
3eb6L Jo9BH 3,575 1.609 «051
.680  3.621 3.794  3.660 043
Gobli H.4B4 4,497 G465 045
3.960 3.922 3,992 3.958 +035
44292 44277 4,318 44296 «021
3.594 3,639 3,654 1,629 «031
3.224 3.22"‘ 3019(\ juzl(‘ 0016
2763 24733 2,773 2,777 2015
3.050 3.026 3,001 3.02%5 024

U 2.667 2.492 2,459 ?2.473 s01V7
K 34597 346069 2,616 3.627 037
(R=S=VeW) 3,769 3,772 1,795 34779 V16
(P=Q=T=U) 3,761 3.729 3,713 3.734 « 024

—~ O TVE< VTSI G

8 VELT = 1473.964 ¢ 106,5866 X, R= ,949 LOTS jeKsLsPrQsR9sSToUsVoW,
g VELS = 239,949 + 1174213 Xo Rz 4902 L3S JoKst 9P2QeR+SeTaUsVewW,
3 : PP 7 = «T7e039 + 12,8696 X, R= 917 LGTS J,MaLsPsQeReSsTolUsViw,

P PP S = -«102 + 3.9200 Xo Rz o927 LOTS JeKsLoPolsRsSrToUsViW,
i REFERENCE K COMPAREN WITH SELF IN 3 LOT> OF 3 FIRINGS EACH

K 100,00 1U2406 100,85

K 98,00 100,00 98,81

K 99,20 101.22 100,00

(R=SaV=W) 100,00 100,15 100,69
(ReSuVainw) 99,86 100,00 160,54
(R=S5-V~=W) 99,32 99 .46 100,00
(P=Q=T=yY) 100,00 99,29 98,83
(P=Q~T~U) 100.76 100,00 99,58
(P=Q=T=U) 101,19 100.43 100.00

74 RELATIVE GUICKNESS
» J 1 2 a AV SD
y ' J 102.8B1 97.87 GH,78 QY.62 263
E - L 102.45 99.39 102,90 101.58  1.91
A . Q 11769 119,36 119,99 118,77 +90
B 4 S 105,92 106.K5 105,97 105.58 .63
|+ V 116,69 11437 116,51 114,52 e 16
B Wo96,16 97,28 96,99 06,81 e59
5 iy 54 8(‘)..2] ﬁb.’)Z Rf‘.:‘g Rh.“() o"a
: { D 73,95 75,6l 75,26 74,87 <80
; T EBl.66 Bl.,34 81,12 821,30 o17
: J ) 65,70 66491 A6.25 K6.29 .61
o] '4! VELT = 1a71e97 « 3.,94979 X, K= 4,940 LOTS 4 LePsQReR»ISeToUsVew,
P g 4 VELS = A6 576 + G, 1369 X, H= ,9%5 LOIS s LsPeQsReSsTeUsVew,
.
A
"
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Table 60 RQ (4-28, 2) (Picatinay)

REFERENCE K COMPARED WITH SELF IN 3 LOT®> OF 3 FIRINGS EACH

100.00 101.1% 100,69
98,91 100,00 99,58
99.33 100.46 100,00
(R=S=-Vv-w) 100,00 99,29 98,A7

x X X

r (R=S=v=W) 100.73 100,09 99,55
L (R=S=V=W} 101,27 100.51 100,00
i (P=0Q=T=U) 100,00 97,88 96,49
¥ (p"’Q”T"U) 102031 100000 98052

RELATIVE QUICKNESS

1 2 3 AV SN
; J 102,49 99,0 099,04 100,18 ?2.00
L 101451 98,35 101,09 100,31 1e71
R 117,20 12095 119,48 119,21 1.89
S 103,21 192426 101,77 102441 «73
V 112,73 112.85 110,97 112.19 1.05
W 93.25 95,77 92,07 Q3,03 «87
P B86.69 B8B,46 89,12 RB,09 leZb
’ Q T4.,45 TH.,62 76,03 75,70 1.13
T R0.70 80,39 A(.9I5 8U.68 28
l U 64,20 64,76 63,76 644,26 «50
VELT = 14754797 + 3.9920 Xo R= ,929 LOTS Js LePeQsRsSeTeUsVewW,
VELS = Rab 675 « 420708 X, R= ,928 LOIS Js LePsQsR»SeToUsVoewW,
PP 7 = -5.387 + d4686 X, R= (BT7 LUTS Js L ePsQsR9SeTesUsVewW,
PP 5 = «479 <+ e1415 X, R= 875 LOTS Je LsPsQeRsSeTrUsVoW,

RELATIVE QUICKNESS RY AVERAGED REFERENCE FIRINGS

i

; 1 2 3 AV SN
3 J 101.87 99,52 99,10 109.1¢ 1.49
E L 100,87 98.88 101,15 100,30 le24
e R 117,95 120485 118,80 119.20 1649
3 S 103,79 102.13 101,37 102,43 124
/ V 212,35 112471 110,56 112.20 1,46
I W 93,56 93,61 91,89 93,05 1.01
b P AR L4 88,20 RT.a1 36,07 54
, 0 75.90 76,6446 T4, 76 715,70 «86
i T 82.16 B0.20 79.65 RO,67 132
Loy U 65,23 6467 K2,92 64,27 le2i
§ : :; VEL? = 1479772 » 31,9925 X, R= ,979 LOIS . LaPesQoReSeTosUoVew,
PG VELS =  H66.558 ¢ 4.0723 X. R: 4928 LUIS e LaPsQiRsS»TsUsVew,
T I = “5H.400 + JHHRB X, Rz B77 LOUTS Je LePsQeReSeToUsVew,
by 4 PP 5 = 1P + Jla16 X Rz (B75 LOUIS s LePs0sRSeTelUsVoew,
L
; ",
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Table 61 AQ (4~28, 2) (Picatinny)

PRESSURE RANGE 4 TO 28+ DELTA KFSI= 2

- or e T o o s S we WD S o W =S AP M W SO e W W L D o A

ABSOLUTE QUICKNESS ({PSI/MICROSEC)

1 2 3 AV sD
6,012 3.926 3.894 3944 L0061
4,013 3.899 3,993 3.968 «061
G4.6T3 G797 4,687 4719 +068
4022 3943 3.918 3.961 2 054
G418 4,369 4.286 4358 « 067
3.589 3.559 3,495 34548 « 043
Je4ll 3,400 34386 34396 +013
2.918 2.923 2.836 2893 .49
3,166 3,069 3,028 3.081 ¢ 60
2,472 24435 2.374 2427 « 049
3.959 3,987 3,983 3.976 +915
(R=S~V-W) 4,011 3,980 3.945 3.979 +033
(PeQeT=U) 3.962 3,847 3,792 3867 087

XC40 VE<WVLINrC

92.0234 X, R= o900 LOTS JaKsLoPsQsR9SeTelUsVoelW,

VELT = 1512.438 +
’ VELS = 881.393 + 94,9010 X. R= ,908 LO!S JeKslLePeQeRsSsTslUsVeW,
’ PP 7 = ~e415 + 1045649 X, R= ,828 LOTS JaKsLsPeQeRsSeTsUsVeW,
PP & = 1.882 «+ 3.,2289 X, R= ,838 LOTS JeKsL oPeQsReSeTrUs VoW,

Table 62 AREA P-T (10 to 90% PP) (Picatinny)

AREA P-T CURVE(PSI=SEC) FROM .10 TO .90 PP,

1 2 3 AV SD

J 98.88 100.53 99,50 99.63 .84
L 97166 98.63 96.95 97.75 08“
R 32419 81,20 80,28 gl.22 s 96
S 91,94 90.44 88.74 90.38 1.60
V 81,17 T9.72 78.68 79.86 1.25
W 92.72 90.43 89.18 90,78 1.80
P 110,02 109.15 111.52 110.23 1.20
U 126.15% 123.81 122,12 124,03 2.02
T .

L

{ 111,35 111.48 111.85 111,56 .26
< ] 129,98 127.4% 128,95 128,79 1.28

5 K 99,26 97.89 99,23 98,79 .78
. ¥ (R‘S'V‘H) 94.9“ 94082 Q“u‘ﬁ 0“06“ o“e
‘- 4 (P=Q=T-U} Q4,81 94,42 93,95 Q44,39 43
g VELT = 2259.783 + =6.0563 X, R==,948 LOTS JeKsLoPsQsRsSeToUsVaW,
alﬁ VELS = 165R.065 + =6.,24193 X, R=-,970 LOIS JsKaLsPsQsRsSeTolsVow,
P PP 7 = BB, 1972 + -e934 X, R==,924 LOTS JsKslL oPsQsRsSeToUsVeW,
% 1 PP 5 = 78,894 ~ 1501 X, KRz==,932 LOIS JeKel sPrsQsReSeTelUsVoeW,
oy
(Y
b b
s
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Table 63 AQ, RQ (4-28, 1) (Picatinny)

PRESSURE RANGE 4 T0O 28s DELTA KPSI= 1

ABSOLUTE QUICKNESS [PSI/MICROSEC

1 2 3 AV
4,046 3.964 3.933 3,981
4,062 3.968 4,041 44017
44729 44851 4,752 4.778
4,081 © 009 3,993 4028
40491 4,448 4,376 44437
3,663 3642 3.584 3.630
3.654 34447 3,431 3444
24961 24968 2,887 2939
3,200 3.129 2.087 13.139
24530 2,499 2,439 2.489
4.001 4,033 4,023 4.019
(R=S=V=W) 4,061 4.037 4,003 4034
(P=-Q=T=U} 4,020 3.909 3,860 3+930

XCHOODESCUN Do

VELT = 1506,03 + 92,3339 X,
VELS = R74.30%5 + 95,3506 X,
PP 7 = ~1.359 » 10.6566 X,
PP S = 1.593 » 3.2570 Xo

REFERENCE K

K 1006.00 100.96 100,46
K 99,10 100,00 59,52
K 99,60 100.52 100,00
(R=S~V=-w) 100,00 99,54 99,09
(R'S'V'W) 100.47 100000 99.52
(R=-S=v-wW) 101,03 100,53 100.00
(P=-QG-T~U) 100.00 97,90 96,79
{(P=Q~T=U) 102.25 100.00 98,.82
(P-Q=-T={)) 103.56 101.23 100,00

RELATIVE QUICKNESS

1 2 3 AV

J 102.06 9B.77 98488 99,90

L 101.60 9B.61 101.36 100,52

R 117.17 12055 119,31 119,01

5 103,40 102.44 102,18 102.67

Vv 112.97 113.06 111.50 112,51

W 93,70 94.18 92.81 03,56
P 86,39 88.25 RR.60 AT.75

Q 74,38 76.59 75,86 75,61

T 80,77 B80.69 80,90 80,78

1) 64,56 65432 64425 644,71
VELT = 1473.678 + 4.0104 X,
VELS = AL3.2RS + 64,1028 X,

129

)

50
« 059
061
« 065
047
‘059
041
..012
.0"05
« 057
« 046
016
.029
.082

= 4905 LOTS JyKsLsPrQsRsSsTalsVoew,
= 4914 LOTS JeKoL sPrQsReSeToUsVeW,
= oB37 LOTS JyKel sPsQeReSeToUsVew,
= o848 LOIS JyKselL sPsQeRsSsToUsVolW,

COMPARED WITH SELF IN 3 LOTS OF 3 FIRINGS EACH

S0
187
1+66
1471

o646

«88

79
1.19
1.12

11

«55

«930 LOTS Jso LePrQsRsSeTelUsVeW,
«032 LOIS Je LsPsQsR1SeTeUsVoW,
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ITI. INFLUENCE OF NUMERICAL METHODS ON CLOSED BOMB DATA

The further influence of numerical methods will be given in
this section.

Figure 50: A plot of all 6§ firings of lot S with RAD RC
method. (Sample time 0.2 ms, and first 90 points plotted).

Figure 51: Same data plotted for a 9 point cubic fit.

Figure 52: Plot of Picatinny three firings of same propel-
lent shows qualitative agreement with Radford plots (0.096 ms
sampling) .

Figure 53: This plot shows, not the influence of numerical
methods, but the degree of variability possible in closed bomb
plots. The case is reference lot fired for lot LL and mixture
lot JKLL.

Figure 54: This graph compares the original raw pressure
with the pressure after a 9 point cubic fit, and an RC fit. This
signal is rather smooth to begin with, and the 9 point leaves it
relatively unaltered. The RC fit has a small time lag as the RC
pressure crosses exhibit a lag behind the 9 point fit in the
steepest curve portion.

Figure 55: This emphatically shows the artificially en-
hanced derivative when the RC method is used.

Figure 56: The first firing of lot S is plotted with its
assoclated reference firing, and RQ values are listed for the two

numerical methods with different pressure intervals. A smaller
RQ is expected as the interval increases as the ratios of the
curves decrease (and even reverse) outside the 8-20 kpsi intexval.

Figure 57: Second firing of lot S. The influence of suc-
cessive smoothing and derivative calculation on original data is
shown for a RAD RC fit. After 6 applications, a slight depression
exists for the peak dp/dt value.

Figure 58: 'The same raw data of Figqure 57 is used, bat a 9
point cubic fit is used. Again the depression of the peak exists
after six successive applications.

Figure 59: Second firing of lot S. Only one data point in
the raw data was deliberately changed from 12.763 to 12.30 kpsi.

Graphically:

130




R S

KPSt

/ 13,480

7 763
12.20

2 12,010

P

11.330

The first 3 applications of a 9 point cubic fit is shown. Note
the influer.ce extending to four points on either side of the al-
tered point for the first application.

Figure 60: The localized influence o0f a RAD RC fit is shown
for the same initial data as for Figure 59.

Figure 61: Application of a 9 point cubic fit on the unal-
tered data, and 6 applications on the altered data are shown. The
characteristic is a depression near the peak with greater convex-
ity just off the peak toward lower pressure. The straightening
out. at about 8 kpsi is not due to this alteration.

Figure 62, 63, 64: These are examples of further filtering
by use of a 9 point QUADRATIC rather than a cubic fit for the test
and reference firings at Radford. The QUADRATIC fits are similar
to the cubic up to about 18 kpsi, »ut depress the peak dp/dt by
about 8%.

Figure 65: These distorted plots of the reference firings
occurred when a 19 point QUADRATIC fit was used on the Radford
data. After 16 kpsi, the dp/dt vs p curve becomes severely de-
pressed, with peak dp/dt about 20% lower than a 9 point CUBIC
fit.

Figure 66: 1In the 1?2 point CUBIC fit for the reference fir-
ings (compared to 9 point CUBIC fit), after about 14 kpsi, the
dp/dt value starts 1ncrea ing to about 2%. However, at the peak,
the dp/dt value is Eress ed a

bout 2%.
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Conclusions and Recommendations:

These conclusions and recommendations are based on the
AUTOCAP single base ‘Ml propellant lots and reference lct 68308
for the M4A2 charge, 155mm howitzer, fired ballistically and in
the Radford closed bomb.

Conclusions:

1. The use of reference propellant firings can introduce a max-
imum variation in RQ, as presently calculated, of about 2%.

2. The present Radford RC algorithm, though effectly treating
the pressure trace for RQ caleculation, produces an enhanced
derivative and numerically distorts the closed bomb plot of dp/dt
vs p.

3. Closed homb information by itself gave unacceptable criteria
for good correlation with either zone 7 or zone 5 howitzer firings.

4. The simultaneous (a) use of least square cubic fit for both
smoothing and differentiating the pressure data, (b) use of the
customary dp/dt vs p plot over a wider range of pressure than
specified in MIL-STD-286B, and (c) elimination of reference closed
bonb firings gave as good as, and even better correlation with
ballistics.

5. Over the past several years, diversities of data acquisiticn
hardware and numerical analysis methods have developed throughout
the ordnance community. No one method has in the past proved
itself superior to the others and none has proved an accurate in-
dicator of propellant performance in the gun. Standardization of
the operating system based on physically reasonable parameters is
dictated.

Recormendations:

Several of these recommendations arise from anticipation of
aksolute measurements for the closed bomb and incorporation of a
program for correlation with ballistics.

1. Apply a least sguares type numerical analysis on the pressure
data for smoothing and differentiating.

2. Employ the use of a conventional chLarge amplifier directly
onto the pressure transducer. 1If this conventional hardware gives
less signal distortion, initiate an anslytical-experimental study
to find the relation of past closed bomb RQ and RF values to the
new electronics system by reason of the historical significance of
past data. The overall objective is to obtain as true a represen-
tation as possible of the pressare on the closed bomb wall.
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3. Analoyg filters in the electronic circuitry should not degrade
the pressure signal.

4. VFor data reduction, the converter should digitize the pressure
into a sufficient number of points, so the pressure interval
between any two successive samples is no greater than 500 psi.

5. Eliminate the use of reference propellant firings in calcu-
lations, as inherent variability in closed bomb traces of the
same propellant introduces variability in the final numerical

answers.

6. The data reduction system should include flexible program-
ming software, (e.g. Fortran), with sufficiently complex pro-

gramnning to diagnose each shot so that error messages will be

generated for data which appears suspicious and pressure data

would be subject +o a broader analysis.

7. Besides calculiation of RQ and RF, the data should be analyzed
on an absolute busis in terms of AG and AF, or several variations
of the absolute approach where reference propellant is not con-
sidered. This is needed to supply a list of variables for
statistical correla:ion with ballistics.

8. The closed bom.» pressure data for propellant selected from
drums used in even:ual ballistic assessment and uniformity firings
for a lot should be subjected to these special analyses and
methods, and corr lated with gun firings from thz respective
drums. This is also a check on the homogenity of the lot mixing.

9, <losed bomo astrumentaticn should be calibrated with suf-
ficient acour: ¢v by a charge amplifier to obtain the absolute
pressare traco, and history kept of its calibration characteris-
tics, ag farther insight into closed bomb variatinn. Influence
of temperature on the gage may be pertinent if th: g-ge ex-
periences cyclic heating in the bomb.

10. A couputer program be written that will consider statistic-
ally prowr:llant propert ies (chemistry, geometry) with closed bomb
and ballistic simulator data to find on an on-going basis which
parameters have the most relevance ballistically.

11. Centinue improvements on and firings with gun simulators and
propel:ant test devices as a supplement to closed bomb data.
(Sabjecu 15 covered in a subsequent report).

12. Experimentally compare the present 4-crystal piece piezo
gage and tha associated asbestos packing with other commercial
qages for linearity, reliability, maintainability, and intrinsic
physical properties as capacitance, impedance and resonances.
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her the ignition system be redesigned

13, It is uncertain whet
e consistent initial pressurization.

to one of more rapid and mor
The high pressure gage used cannot meonitor this low pressure
region for acquiring a history of data.
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APPENDIX A BATCH BLENDINC AND BALLYSTIC TESTE

To achieve the greatest possible grain homogoneity, the batch
production pruccss (at RAAP) is utilized to tne greatest degree
at various stayges in the grain cycle. The following description
1llustrates this approach. The actuval numbers used are close to
th: production values, but there are variationz depending on grain
perforation, size, womposition, and actual lot final weight.

SINGLE BASE PROPELLANT:

Consider single base, nultiperf propellent for the M4A2
charge, 155mm howitzer. (M1, M6, NACO). The final lot for accep-
tance may consist of 450,000 1b, whirh had been formed from about
90 batches of 3000 ib each. The procedure follows the general
scheme 1l.iustrated in Figure 67,

1. Mixes are made of about 400 lb each.

2. The extruded mixes are sent to thie cutting house where up
to eight cuiting machines can be in operation. The first "blend-
ing" operation cccurs here as at any tire there may be several
different milyes being cut. The cut grains are about 30% solvent
rich, and buygies with 750 1lb loads are sent te solvent recovery.

3. Solvent recovaery: The buggies are dumped consecutively
into five, 4500 lb grain hoiders. The graine hercome about 7.5%
zolvent rich, and contents of each holder is divided bhetween two
50,000 1b holders for the wet, dry cycle.

4, Wet, dry: Yurther sclvenz 1s released in a 130°F water
soak to bring solvent below 1%. Lach of the 50,0C0 1b holders
are poured into ien ajr dry towers of aboat 500C 1lb each (BATCH
designation is reachedj.

5. Air dry: Air at about 145°F is fcrced through the dry
towe:rs {about 18' high). At the end of this c¢ycle for each tower,
the contents are loaded into about 90 numbered bags (about 55 1b
each) .

€. DBatch bagging: 7The bags loaded from the bottom of the
tower have a higher water content, and if the water content versus
bag number were plotted for any particular batch, the line would
have a negative slcne, as indicated. If the overall water content
of a tower is lower (say 0.2%), then the line ‘s of less negativa
slope.

7. Array blend: 1In this extample, the 90 bags from the Ffirst
batch are placed in a vertical vow. The bags from the 2nd batch
are placed in a parallel row, BUT with the last loaded bag placed
adjacent with the first lcoaded of batch one. This seguencing is
continued ror a:l the batches.

P -,
o
2




. MIX:2xho0 1 S e T e S
S l ------ 2 — | e 6 e
2. CUTTING HOUSE: — -3 S [30% SOLVENT
— | — =8
3. SCLVENT RECOVERY: y
V e d \\ } \\ \ i
Lol L2 /l l3,6)  Dnar lsao 7 sonvent]
B500 (b g e ) ng” N T
~ e e NN \
T TSR g
. L, WET DRY: oI SR RO N
1130°F WATER) 50,000 50,000 [=1% SGLVENT]
f 5. AIR BRY: K3 ! _—
f (W4SF AIR)  =18'| 1 zJ . o (BATCHES
: I N W A W —
J" 50001h
! - H20
i 6. PROPELLANT BATCH 8AGGING: [1) [2]. . .[99] 1% WATER BATCH
PROPELLANT MORE MOIST AT TOWER BOTTOM. \740 2BVATER BATCH
\\:::_\\
} - BAG — = 90
‘ 7. ARRAY ARRANGEMENT. 8. CROSS BLENDING:
{ (56550 To%53]
' BAGS DRUMS
1[ac] 1] 90] 112 133
2189, _ 218 2 '
< PHYS I CALLY :
BLEND EACH :
ROW TO OBTAIN— | |
89| 2 892 gol1lzl3 I3
90, ! 90]1 soi1l2{3i 33]
?BATrH PRODUCTION 50001b EACH HORIZOMTAL BLEND ©OURED INTO
/ (EACH BAG 22551b) AROUT 33DRUMS, ABOUT 150 LB EACH.
y TOTAL OF 3000 DRUMS FCP 450,700
Ib. LOT.

Figure 67 Singla Base Batch Blending
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6. ©ross blending: Each horizontal row of 90 bacs each is
physically blended in a 5000 Ib mixer, and the final contents
puared into about 33 drums. Depending on the type of propellant,
final drum weight ig:

M1SP ...... 110 1L

MP(105) ... 14C 1b

MEP(155) ... 145 1lb

M6 ...ece.. 160 1b
The final lot thus yields about 3000 druns (or boxes), of about
145 1b each, for the 450,000 iot.

Sampling and Closed Bomb fTesting:

This example of MIMP, M4A2 charge propellant is continued
with data from Rad Lot 69550 for the 1535mm. Each of the about
9¢ batches in the final lot make-uwp is analyzed for water content
and tested for RQ in the closed bomb. For exanple, gas chromoto-
graphy for molsture yielded for the 3%2 batches an average of
0.465%. The lot average RQ was 98.2%.

In lot 69550, an average moisture reading is reported for
anout each 5 batches, and an average RQ for abhout each 10 batches.
If the mean and standard deviation are calculated from thesa
reported averages:
N AV 6D
Moisture |20 0.43 0.16
RQ 10 198.5 2.53

At this stage if it is found that the water ccntent is below
normal, a specific amount of water is desiynated to be added to
sach 5000 lb cross blend mixing, just prior to loading in drums
4 pts for lot 68E50).

Seven out of the 3000 can lot are selected for shipment to
the proving ground for assessment and uniformity prop charges.
However, during the filling of these cans, about one pound of
propeliant is reserved. (A very snmall portion of each of these
seven pounds is blended together and 30 grains are then selected
and analyzed chemically and inspected for geometry, and reported
as such for the lot).

Fach of the seven samples is analyzaed for water content and
sisx vlosed bomb firings are made of ecach sample. A reference
propellant firing is made before each set of three test prcpellant
fiv.nge. The six RQs (and RFs) are averayged and reported as the
RE (RF} for that can. The seven averaged RQs (and RF3) are then
averaged and reportad as the RQ (RF) for that lot. For this
example, a 4% RQ range is employed. Any firing outside this raange
is rejected and the firinu repeated.
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For the lot 69550 example, the reported final lot test
results were:

Can No. H,0 RQ RF

l65C 0.49 96 .50 99.71

39¢C 0.69 97.33 99 .92

157C 0.54 96.10 100.01

405C 0.51 96 .33 99,78

306B 0.54 97.84 99.86

938C 0.53 96.90 99.87

886B 0.71 97.89 100.21

r Average 0.56 96.98 99.91
’ Range 0.22 1.79 0.50

; Multiple Base Propellant:

2, Cutting is same as for single base.
3. Cuttings are kept on about 22 trays (about 20 1b each) in
! cabinets.
' 4. Forced air drying only is used (145°F from 40 tc 200
hours). The identity of mixes are kept to this
point.
5. For GLAZE operation, about 5500 1lb plus 0.2% graphite
are placed in 3 hour cycle. Final glazed grains

J 1. Mixes are about 450 1lb.

, constitute a BATCH, and are lcaded into drums of
about 150 1lb each. (There are 2 bays each 8000 1b).
6. Pifty stacks of such 32 drum batches constitute a LOT
‘ of about 250,000 1b.

(For casting powder, the above procedure is called a sublot at
abnut 150,000 1b. Seven zublots are blended to cconstitute a
1,05C,000 lb master lot).

E.2 Propellant Assessment, Uniformity, Acceptance Tests

Two specific examples will be used for the M4A2 charge for
the 155mm, M1Al howitzer for Lots Rad-69275 and 69395, Data on
pressure will not be considered, only 70°F temperature firings.
(The 145°F firings in uniformity (7 at zone 7) and in acceptance
{ (3 each at zones 3 and 7) are omitted, and calculation indicated
' their omission does net change the figures plotted).

3 There are three stages for consideration:

1. CHARGE ASSESSMENT: The 7 marked drums (after samples taken
for closed bomb tests at Radford) of propellant are sent to
Jefferson. Three charges are loaded at each of 4 zones with the
weights specified in Artillery Ammunition Master Calibration
Chart, TECOM, APG, Repcrt No. 1375 (17th revision, May 1976).

-4

. L S

&
3 1
k.
Eﬁf&
H '.

lﬁ“

(3
-3

155




Zone C.W. (ozs) Desired Velocity (fps)
7 212.4 1850

6 157.4 1520

) 112.8 1230

3 65.6 900

In addition, three charges at each of these zones are loaded from
the reference propellant for this lot (68308), and also a 7X
(5% greater charge).

The mc .- of the three reference (calibration) firings at each
of the four zones is subtracted from the desired velocity at that
zone. This difference is added to (or subtracted from, if neg-
ative) the mean of the three test firings to obtain an ADJUSTED
test velo:ity. Illustrated for Lot 69275:

C.W. Zone Velocity Mean Adjusted
212.4 7 1v57 «{R}1839.0 = 11 S
(r)1840.3 + 11 =| 1851.3 |
157.4 6 1520 -(R)1504.7 = 15.3 e
{(T)1505.0 + 15.3 =._1520.3 ]
112.8 5 1230 ~-(R)1213.7 = 1¢€.3

(T)1209.0 + 16.3

]

] 1225.3 ]
65.6 3 900 -(R)887.3 = 12.7

(T)883.7 + 12.7 =] 896.4 |

(R) re ‘e ence
(T) test

2. CHARGE UNIFORMITY: A better estimate is made at zone 7.
Assessment at zone 7 showed that the test mcan, corrected to the
reference mean, gave 1.3 fps too high velocity. The velocity/
charge weight ratio in this region is about 7 fps/oz. This
indicates that zone 7 should be loaded with about 0.2 oz. less
charge. (Actually, uniformity loading showed 1.2 oz. less charge.
This loading is usually determined rot by the charge slope method,
but by a constant slope method after a large number of lots have
been fired to provide a good knowledge of the propellant charac-
teristics.)

Two charges are prepared from each of the 7 drums: one
charge at each 70 and 145°F firing. For the lot these results
were:




—a

7

PPN, T TP

R

Temperature Zone C.W. {oz)

70 7 2)2.4 7 REF mean velocity was 1834.1
1350-1834.1 = 15.9 too low.

211.2 7 TEST mean velocity was
1824.9 + 15.9 =[1840.6]
145 7 212.4 7 REF mean velocity was 1865.7
211.2 7 TEST mean velocity was
1853.4 - 7 =[1846.4]
Data from assessment and uniformity firings indicate velocity
from drum 464-A gave a lower velocity. Investigation whether

trends (velocity from certain drums) are statistically correlated
to inhomcgenous mixing ©f a lot apparently has not been done.

Charge-velocity and charge—pressure curves are fitted by
the method of least squares to give a linear relationshipr for guns
and a second degree polynomial for howitzers (Reference 8).

If the 19 correctad velocities (12 Assessment and 7 Unifoer-
mity at 70°F) are fitted to a guadratic, the resulting equation
is:

V = 399.4 + 7.9082CW-0.005100*CW*CW

The Proving Ground recommended CW is listed on Figure 68 to give

the desired velocity (VEL). The value calculated from the para-

bolic fit comes very close to this desired velocity for each zone
(and te the final ACCEPTANCE mean at zones 3 and 7).

3. PROPELLANT ACCEPTANCE: After loading of this lot at
Ind:.ana AAP, five firings were made at zone 3 and at zone 7 (for
both 70 and 145°F). Similar firings are made of referconce propel-
lant. Results show that when the test firings were corracted to
the reference, mean for zone 7 was 1848 with a standard deviation
of 2.9 fps.

The basic ballistic data used to plot Figure 68 i: listed in
Table 64.
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Table 64 Lot Rad-6%275 Partial Ballistic Data

CHARGE WEIGHT-~CORRECTED VELOCITY{T7Q F) RAD=69275 (15SMMeM1AL,M4A2)

CW UNIFORM v 7 CW ACCEPT V
2)11.2 1843.) 7 212.0 1849,0
2112 1840,0 7 212.0 1846,0
211.2 1846.,0 7 212.0 1851,0
2 1.2 1865.0 212.0 18506°0
211.2 1837.0 212.0 1844,0
211.2 1837.0 660  929,0
211.2 1840.0 66,0  892,0
66,0  B894,0
66.0  B9B,0
66,0 881.0

CW ASSESS v
2l2.4 1850.0
2l2e4 1851.0
21244 1853,90
157.64 1518.0
157.4 1522.0
157.4 1522.0
112.8 1224.0
112.8 1226,0
112.8 1225.0

65.6 891.0

65.6 899,10

6546 300.0

NN SNSNSNNN

WWWURONNE T NN ~NMN
Wl W W W~ =

Sever~l pertinent r«ving Ground data sheets for lot 69275
r are listed s rable 65.

was less energetic. A -17 fps correction was applied to zone

l Lot Rad~69395 was analyzed by the same approach. This lot
7 test assessment firing. The final plot is given in Figure &9.
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Table 65 Jefferson PG Firing Recovd for Rad-69275

(r! 8 LAY

YESTING STATUS: GEPARTHENT OF THE ARMY FTRING RECORD RO . —
. JEFFERSUN PROVING GRGUND
First Test nadison, (ndiana L7250 74-1358
BATE {5) OF FTRTRG ACCEPTANCE TEST SUMAARY LOT KO. -
20, 24 May T4 ITEN DESCRIPTION: RAD-69275

[SRTPFING STATGS: 77

Propellant, MI!,
Chg M4A? 155m Howitzer

fresy
MP. F/Prop ESTED IN ACCURDANCE WiTh

foutine s BTR~ARMCOM-151.-73
HFR, OR LOADING PLANT: RESULTS OF TEST:
Radforg 4rmy Ammo Plart Accepted
MEASURED  CHARACTER(STICS (UNTFORMITY TEST)

Test Calibration Rounds Test Rounds

or Rds Max std Rds Chg Wt (0bs Corr Max Std B8 X
Charecteristic Tewp Cons Mean Disp Dev Cons 0zZs Mean Mean Disp Dev Std.Dev.
Muzzle +70°F 7 1834 5 1.8 7 211.2 1825 1841 8 3.2 2.2
Velocity +145°F 7 1866 4 1.9 7 2.2 1853 1846 10 3.2

fps

Chamber +70°F 7 354 9 3.0 7 348 359 15 4.8
Pressure +1LG°F ] 373 15 5.7 7 362 3562 10 3.6
psi/100
Test rounds at both +70°F & +1L5°F are corrected to the +70°F level. |In ddition to the cali-

bration corrections the corrected velocity & pressure values for the test propellant at +145°F
were obtained by applying +% fps ,+800 psi for the difference in charge weight hetween the
uniformity series and final recommended charge.

L
RECOMMENDED CHARGE WE | GHT CAUSE T5) OF REJECTTON:
tharge Huzzle Chamber
ioh Velocity Pressure None
Zone fps psi/100 ]
3 900 73 SFELTFTUATTON:
i 1o4h0 89
5 1230 Yok HiL-P-60397 (MU) dtd 14 Dec
A 1520 21 66 W/EQ's 19906-2, 51945-2,
1850 16 52153-2, 53472-2,
7 7 NOR-7000588-2
CORRECTION APPLIED:
CALIBRATION
CHARGE ASSESSMENT PHASE
Vel fps  Press psi/!0d
ATTACHMENT: Propetlant Description Sheet Zone ( ulub Lore Calih  forr
Al . 3 900 T3 7 +2
FOR THE COMMAND {NG OFF {CER: TCST DIRECTOR
APPROVED o 51230 416 126 0
f[ uw., 6 15200 .15 212 eln
£, J. CHAMBERS, DIR, MATERIEL TESTING ‘ B, TURN[R 7 1850 +11 365 +15
. UNIFORMITY PHASK
DISTRIBUTION LOTTTRY »:f TE o '
/ MM 1056 -ih - M
cys| 10 UTHORITY FOR TE:
3 JPG ) . USATELT PROJEL’T NC
| ARMLOM, AMSAR-QAD » ‘ 2 CHMU-00 - 004 010
3 APG, AMSAA, AMXSY-R; STEAP-MT-G, barnhart, STEAF-TL b e .
3 Picatinny Ars., GARPA- Q/\ -A-P; ~QA-A-AL -RDEP-2 DAVE SAMPLES RECELIV]®
? Fadford. %.lf‘ly /\mmo Plant 13 May /i !
. ay B
REUAYED FTOING RECORD
wALD-EG273, -0£9270
l sweer 1 or
STEJF-UD-D0 Form 201, 1 Nov 73 (AULH:  SOP ST=Z0P-TD-9)
160
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DEPARTHENT OF THE ARMY
JEFFERSON PROVIHG GROUNMD
Madlson, Indiana 47250
LOT NO: RAD-£9275
FIRING RECORD NU, 74-1358

SHEET2 OF &
WEAPOM DATA
How 155mm MiAl No. 7805
Tube 155mm MIAT No. 11513
Carriage 155mm MIA2 No. 4597
Recell 155mm M6A2 No., 6687

Tube Rd. No. 2683 corresponds to EFC Rd. No. 1265, and there is 8%
life remaining, The wear is ,008" wher measured by a pullover gage at a
position 30 inches from the rear face of the tube.

CUMPONENT DATA

Component Hodel Lo’ No.

Propellant (Test L0374 web M} RAD-69275

Propellant (Calib) L34 web M1 RAD-68308 RL

Projectile Hig7 GIN~-1«11 RL

Fuze HUB Mixad

Primer mK2AakL RYA-17-86 RL
IND~11=4L5

Propellant Bag

Flash reducer, | oz. potassium nitrate (attached to forward end of base incr.)
igniter, 3.5 oz. of powder, igniter, clean burning {€81) Lot No. RAD-2-21 RL

PRESSURE GAGE DATA

Type: M1l Chg 7,7X.6 Copper Lot: APG-1-70

Type: M-17 Chg 5.3 Copper Lot: APG-1-70

VELOCITY CCIL DATA
20 May 74
Gun to First Coil: 79.92'H Form Factor: .94G2 1850 fps
Between Coils: 77.28* st .80G2 1520 fps
24 May b L8662 1230 fps
Gun to First Coil: 79.90'H .85G62 900 fps
Between Coils: 77.05° SL

LEC 'No: W - Warmer, Cond - Conditioner, Calib - Calibration,
H - Horizontal, SL - Slant

GUNNER LCADER: F. Jones

i AN o ot B "S-



DEPARTHENT OF THE ARMY
JEFFERSON PROVIKG GRLUND
nadlson, iIndiana 47250
LOT NO: RAD-69275

FIRING RECORD MO, 74-1358
SHEET 3 0F &
CHARGE ASSESSMENT Phi i
+70°F

Firinqg Position: K-b Azimuth: ©° L3¢ Clevation {mils): 213
Tube Time Type Prep Proj Prop Muzzle Chamber Pressure
Rd of of Box Wt Ctg Vel (fps) 2s1/100
flo Firing Round No 1bs 025 Chs Corr Obs Corr
Date Fired: 20 May 7k
2535 0939 L] 95.00 212.4 1842
2536 0941 w " o 1848
2537 0942 Cond " " 1835 347
2538 0943 7-Calib 95.00 212.4 1842 356
2542 0850 o " " 1838 347
2546 0954 " v " 1837 3i6
2541 0949 7-Test 7-C g95.00 212.4 183¢ 1850 348 363
2545 0953 " 120-B " " 18L4) 1851 15y 366
2649 0358 " 165-A t " 1842 1853 3sh 369
2552 1002 IX~Test L403-C 95.00 222.9 1914 1925 Loz L22
2555 1005 " Ls2. " " 1912 1923 399 by
2558 1009 " LEL-A " " (AR 1922 398 L3
2559 101t 6-Calib 95.00 157.4 50> 203
2563 1016 " " " 501 200
2567 1021 " " " 1508 z
2562 1014 6-Test 828-C 95.00 157.4 1507 1518 202 212
2566+ 1020 " 7-C " " 145, V75
2570 1025 " 120-8 " 1" 150/ 1522 204 214
2571 1026 S-Calib 95.00 112.8 1214 127
2575 1031 " " " 12019 124
2579 1035 " te " 128 126
2574 1030 5-Test 165-A 95.00 112.8 1208 1224 124 124
2578 1034 " 409-C o " 1210 1226 P24 124
2582 1039 " 452-8 " " 110y 1225 125 125
2583 1040 3-Cond 95.00 65.6 883 70
2584 1042 3-Calid " " 88s €9
2588 0Ly " " " 889 68
2532 1052 " " B88 69
2587 1045 3-Test 4b6k-A  95.00 65.6 878 891 67 69
2591 1050 " 8128-¢ " . 886 899 69 N
2595 1055 ! 1-c R - -7 4 900 20 72
* Rd. 2566, velocity & pressures - re not in-luded .n computations

At 0900 hours, ambient temperat
At 1000 hours, ambiert terr=ratui s was J4.0°F, himiaity was 694

+ was 65,4 "F, huniditywas 76%.
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DEPARTMENY OF THE ARMY
JEFFERSON PROVING GROUND
Kadlison, indlana 47250
LOT NO: RAD-64Y275
SIRING RECORD MO, 74-1358
SHEET 1, OF |,
UNTFORMITY PHASE

P Firing Position: K-k Azimuth: 0° L3’ Elevation mils: 213
Tube Time Type Prop Proj Prop Muzzle Chamber Press
; Rd of of Box wt Chg Vel (fps) psi/100
No Firing Round No 1bs 0zs Obs Corr Cbs Ltorr
Date Fired: 2L May 7L
i +ZO.F
! 2684 0857 W 35.00 2124 1817
! 2685 0858 Y] " s 1836
| 2686 0859 Cond ' " 1834 35k
o’
! 2687 0900 Calib 95.00 212.4 1835 356
; 2691 0905 " o " 1834 35k
2695 0909 " " " 1834 352
2699 0915 " " " 1835 353
2703 03920 " " ' 1837 359
2707 0924 i " " 1832 352
2711 0928 " " " 1832 350
2690 0903 Test 7-C 95.00 21,2 1827 1843 349 360
2694 0908 " 120-8 " " 1824 1849 350 361
2698 091k " 165-A " " 1828 1844 355 66
2702 0919 1 Log-¢ " " 1829 1845 352 3v3
2706 0923 " 452-8 " " 1821 1837 3.7 368
270 0928 " Lél-A " " 1821 1837 340 351
274 0932 " 828-C " " 1824 1840 346 357
+145°F
2715 0935 Cond 95.00 212.5 868 376
2716 0936 Calib " " 1867 379
2720 0942 " " " 1868 377
2724 0946 " e " 1865 379
2728 0951 " " n 1868 377
2732 0955 ' " " 1864 374
2736 0959 " 1] " 1864 36‘0
2740 1004 " " i 1864 368
279 0941 Test 7-C 95.00 211.2 1857 1850 160 360
2723 0945 " 120-8 " " 1855 1848 360 350
J 2727 0949 " 165-A " ¥ 1854 1847 364 364
2733 0954 " Lo9g-C " v 1855 1848 365 365
735 0958 " 452.8 " " 1852 1845 362 362
2739 1003 " Lek-p " " 1847 1840 355 355
2763 1007 " 828-C " " 1854 1847 365 369

At 0900 hours, ambient tempe)ature was 65°F, humidity was 79%.
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DEPAXTMERT GF THE ARMY
JEFFERSON PROVING GROUND
Hagison, (ndjane 4725
LOT RO: RAD-6327%
(ALCEPTANCE) g:!:é:uaﬁggoﬁo W Tl
_+70°F_PHASE _
Az Defl mils: 43R

Firino rosition: K-h Azirmuth: 0° 01 Elev: 216 mils .
Time Proj Muzzle vel Pressure
v Rd of Type Gross Recoil Seatirg €05 psi/i0d
No Firing Rd Wt (Ib) in in l'mcorr  Cerr__Uncorr
Date Firec: 15 Jul 7-
CHARGE 111
2163 Cond L.48 35.00 30.88 Lost 92
| 2170 1035 " " h 9ig 35
! 217 1036 " L .49 " v 982 1
| 2172 1038 " " " ' 939 9%
2173 1039 " L.ug " " 1014 132
! 2174 1040 Ref L L6 35,00 30.88 968 103
; 2176 1ok2 " " L " 9l 91
2]78 ]0&“ H " " [} 933 86
2180 1045 ' 1" " " 937 88
2182 1047 " LU " " 923 83
2175 1041 Test 4,48 35.00 30.88 970 929 104
2177 1043 ' et " " 933 892 88
2‘79 ]04[‘ " " " " 935 891‘ 89
/ 2181 1046 " " " " 939 898 a0
2183 1048 o ! " " 922 381 84
4 l CHARGE V11
4 2154 0BLB tond 13.70 60.50 30.88 1849 379
“y 2]55 08149 [F] LE] ey 1] ]8]‘8 38‘
2156 0901 " " " " 1857 387
2157 0302 o 13.84 o " 1848 368
2158 0903 " ' " - 1347 348
2159 0904 Ref 13.84L 60.50 30.88 1848 365
2161 0909 b ' " " 1849 363
2]63 09‘3 at " i " |8L‘5 363
21€5 0317 " " " " 1846 362
2167 0321 " ' i " 1846 3€2
2160 0907 Test 13.80 ,0° 60.50 210.88 1846 t2kg 368
2162 0911 " wo v " " 1843 1846 364
2164 0915 " " o " " 1848 1851 370
2166 0319 " 13.79 2~ " - 1847 1850 3
2‘68 0923 n 1 [ (K} ]8[” le-’d 36‘
‘ Rd Ne's. 214y thru 2153 were fired as Pre-Londitioners.
;‘ NOTE: Zone Three cherce vas fired immediately following rain shower and erratic vel
£ pressure obsecrved are atiributed to atmospheric condition.
o
B
i
4l
J .
-
[
ek 164
[
%,
Lot



APPENDIX B Radford and Picatinny Cloasad Bomb Records

RADFOF’) Closed bomb Records foxr AUTOCAP lots J through W with
reference lot 68308 (MLIMP propellant feor M4A2 charge, 155mm):

Units: Kpsi
Sample Interval: 0.2 milliseconds

The data (156 records) are cnly the first 90 points of each
123 point record. These 90 points gc bheyond peak pressure in
each record. This data is SMOOTH data that was reported to two
decimal place accuracy. The Radford RC algorithm can be used on
these records to prodvuce the unsmooth data by the relations:

Pr = Pg

Py

(4 P; -~ P;_1)/3

where the overhead bar refers to the SMOOTH DATA listed. The six
hex records listed here are also SMOOTH data. In RQ calculation,
the same firing number records are used.

PICATINNY Closed Bomb kecords for Selected J through W lots.

Units: Kpsi
Sample Interval: 0.096 milliscconds

The data (39 records) as listed is the UNSMOOTH data derived
directiy from the A/D converter output. Much of the data beyond
peak pressure has hbeen omitted. Ne mixture lots, no M or N lots,
nor reference lot 68308 were fired.

These records have also been corrected by a reasonable linear
interpolation for those data points where the "A/D converter hang"
occurred, as described in this report.

r .
-

FOR ALL CLOSED BOMB PLOTS (DP/DT vs P) IN THIS REPORT
(except :those showing repeated smoothing, Figures 57-61), IN
WH1CYH THE LEAST SQUARFES METHOD IS EMPLOYED:

1) THE PRESSURFE P IS DERIVED FROM THE SMOOTHING ALGORITHM
APPLIFD TO THE UNSMOOTH RAW PRESSURE DATA;

2} THE DERIVATIVE DP/DT IS DERIVED FROM APPLYING THE DFRIVATIVE
ALGORITHM TO THE UNSMOOTH RAW PRESSURE DATA, AS SHOWN IN THE
ROUTINE ON PAGE 34.

Smoother plots result (without sacrificing pnysically
significant features) by applying the derivative algorithm to
the raw data AFTER it has been subjected once to the smoothing

alaorithm (See page 36;. This was the aprroach used for the
RAL+ RC mlots.
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LUTOCAP LOT

.62 061 068
Peld 1,21 1.32
2e4 2.67 2.88
S5.:36 5.71 6.04
9.96 10,47 11,92

17,57 18,50 19,50

27.81 28,24 28,55
29.3% 29.37 29.38
AUTOCAP LOT
62 «69
121 1.32
253 2.72
50“{5 507‘7
10.11 10.64
17.88 18,87
28.20 28,61 28,91
29.63 29,64 29.64
AUTOCAP LOT
84 B4
1.35 1.4}
2062 2485
5.52 Sa88
10612 1063 1l.:H
17.78 18,71 19,73
28423 28,66 29.0C
29.79 29.80 29,81
AUTOCAP LOTY
68 .68
1.20 1.28
Set8 5,84
10.10 10,61
17.82 18,76
28.00 28.40 28,70
29441 29.42 29,42
AUTOCAP LOY
73 73
125 1.31
2457 * 2,82
557 5.93
10.26 10,79
1814 19,09
28.26 28.63 28.92
29:59 29.60 29.62
AUTOCAP LOT
269 268
1.22 1..8
2.51 2.72
542 5,79
10.07 1b,62
17.89 18,85
28011 28.51
29,52 29.53

«T0
1.37
2.94
6.17

11.22
19.36

89
1.51
3.06
6.20

74
1.40
2099
6.17

11.18
19,77

79
1,43
3.0°2
€,26

11.36
20.31

A
1,36
297
6.12

Eled7
£9,86
28,21
£9.55

Je
69
1,37
3.12
6e4]
11.62
20,52
28,890
29,38

o Th
145
3.20
6,53

1179
20,91
29414
29,66

91
1.54
3.28
659

1i.79
20.7%
29,24
29.82

Js

o716
1.47
3.22
6455

11.78
20.80
28,92
29,43

80
iet9
3.25
6063

'lla96

21.17
2914
29,62
Je
78

l .“‘0
3.18
6,48
11.78
20,92
29,03
29455

ReD
/3
19109
3.39
6,79
12,20
21.58
28,99
29,39
RAD
82
1.58
.43
6030
12442
22,00
29,31
29,64
RAD
097
1.68
3,55
6.95
12,38
21.83
29,43
29,82
RAD
«79
1.58
3.50
6.9‘
12,38
21,88
29,09
29,43
RAD
-1
1.58
3.5“
7.95
12,58
22.26
29,30
29,62
RAD
«B0
1.53
3.45
6,89
12,39
22,00
29.18
29,55

R ENAICTNATIRTINAR '

FIRING NO, 1
+81 «83
1,58 1.68
363 3.91
T.18 7,62
12.88 13,55
22469 23,76
29.11 29.20
29,39 29,40
FIRING €, 2
o84 +89
1.65 1.78
369 3,97
T+32 7,73 8,17
13,09 13.78 14,52
23010 24419 25,24
29442 29450 29,54
29.65 29.66 29,66
FIRING NO, 2
1,03 1.05
1,76 1.87
379 4405
733 7.78
13,03 13,73
22495 24,04
29,55 29,64
29.82 29.82
FIRING NC. 4
oB7 «90
1466 1,76
3.74 4,02
T.31 7,76
13.06 13.72
22499 24.06
29.20 29,27
2G443 29,43
FIRING NO. 5
«91 094
1.72 1.81
3,78 4,05
7.‘03 7.88
13.25 13,97
23,36 26,43
29449 29,47
29,83 29,63
FIRING NO, 6
«88 «30
Le66 1474
J.69 3.95
T.2B TeT2
13.06 13.76
23,11 24419
29.30 29,38
29.55 29%9.59

091
1,83
4417
8,064

14.25
24,79
29,26
29.39

«98
1.AR8
423

.13
2,01
4,35
8,18
14.43
25.11
29.69
29.81

«98
1.92
4.27
8,17

14.45
2506
29,32
2944

+99
l1.95
4,3S
8,29
14,70
25.45
49,52
29.63

094
1.R7
4,24
8,16

14,48
25.22
29.42
29.5%6
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1.94
4o4b
8,47
15,03
25.7%
29.30
29,40

1.01
2,00
4,564
8.66
15,28
26.18
29.58
29,66

1.18
2.12
4.50
3.63
15,21
26,10
29.74
29,82

1.01
2,03
4,55
8.62
15.27
25,02
29.36
29,43

1.08
2,06
4,61
8.75
18.51
26.36
29,55
29,62

1.03
2.03
4,50
8,60
15,26
2o, 14
29,67
27,56

1.04
2,08
4,76
8,96
15,82
26.57
29.32
29,39

l1.10
2,18
4,82
9,10
16,190
27,01
29.60
29.66

1.25
2.27
4,93
9.12
16.00
26.95
29,76
2%,.,81

1.07
2.18
4,87
9.11
16.05
26,84
29.38
29.43

1.11
2.21
4.94
9.25
16.31
27.43
29.57
29.62

1.00
2016
4060
9.08
16.10
26.94
29.50
2755

1.09
2.28
.05
9.42
16.63
21.26
29,34
29,39

ledé
2.32
Sel3
9.61
16.98
27.67
29.61
25,65

1.31
2445
5.21
9.58
16.85
27.67
29.77
29.81

1.15
2.38
5.16
9058
16.90
27.49
29,43
29.43

1.20
2ettl
S.24
9.72
17.18
27.76
25:59

1.10
2435
5.14
9,56
16,96
27.59
29451
29.56



AUTCCAP LOT
086 292 100
1657 1.67 1,74
EeBi 3.04 3,22
S5¢067 599 6,34
1024 1074 11,33
18,10 19.08 20,12
27.69 28,02 28,25
28.79 28,20 28,81
AUTOCAP LOT
'090 992 .98
LeS4 1a62 1,73
284 3,06 3,264
5.68 6,04 6,37
1025 10,72 21,33
1819 19417 20,22
28.00 2B,32 28,56
29.04 29,06 29,06
AUTOCAP LOV
+88 «95 «97
1eSB 1469 1.76
286 3.02 3,22
S5.68 5.99 6,37
10618 18.70 11.25
18.03 19.02 29.04
28,07 23.41 28,66
29.20 29.22 29,23
AUTOCAP LOT
.90 097 100("
1461 1.72 1,77
2:85 3,07 3,26
Se70 6.01 6,39
1027 10479 11,38
18.21 19,19 20,23
2790 284,21 28,43
28.94 28.94 28,96
AUTOCAP LOY
« 39 299 1,05
1.59 }1.67 1,78
2+76 2,97 3,14
552 5.87 6.18
9,98 10.47 11,02
1759 18,53 19,55
27,71 28,09 28,37
29.02 29.02 29,03
AUTOCAP LOT
086 .92 .95
155 Jeh8 1,72
287 3.05 3,29
S+T2 6405 6,43
10.29 10.R5 11.41
18426 19.26 20.31
27.97 2B.29 28.52
29«03 29.03 29;0“

Ka
1,02
1.82
I 47
6,72

11.92
2ie19
28.42
26,81

1,01
1.86
3.46
6.710
11.97
21.31
28,72
29,06

l.02
1.88
3e48
6.70
11.86
21413
28.85
29,22

1.08
1.85
3.5¢C
6,76
11.97
21431
28,60
28.95

1,08
1.84
J.40
6458
11.62
20,60
25.59
29.03

1,03
1.85
3.49
6.78
12400
214,42
28,69
29$0h

RAD
el
l i 95
3.749
7.08

12.55
22429
28 .56
28,82

RAD
1400
1693
3.73
711

12.59
2254
28.8’“
29.06

RAD

1.11

ac
[ >

3.68
7,07
12.49
22.27
28.98
29.23
RAD
1.17
1.98
3.71
7.12
1261
22.41%
28473
28,95
RAD
1.12
1.96
3.62
6.92
12.21
21 .69
28,74
29,03
RAD
1.07
1.92
3.7
7.18
12:66
22.52
28.81
29,04

FIRING NO,

lel5 1420
2,03 2.13
Je.92 4419
Tatt7 7491

13,24 13,93
23039 2‘9.“2
28464 2P .69
28,81 28,82

FIRING NOo
lels 1,18
2,01 2.11
Jugs ‘}023
Te50 T.94

13.28 13,98
23,55 2446}
28,972 28,956
29406 29,06

FIRING NO,
1.15 1,21
2.0% 2,18
3.92 4.21
7450 7,88

1318 13,86
23040 24,49
2907 29,1}
29423 29,23

FIRING NO,
1420 1,25
2405 2.15
395 4,23
751 7494

13.30 14.00
23652 24457
28,80 28,84
28,95 28,99

FIRING NO,.
1e2l 1425
203 2414
3.83 4,10
7,30 7,72

12487 13.%5
22¢32 23,91
?8.8‘0 28.91
25,03 29,03

FIRING NO,
lel2 1021
2,02 2.iS
4,00 4.23
T.57 7.96

13.22 14,02
23:63 24,69
20,88 28,93
29.046 29,04
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i
1.30
2,27
dabi
8,3])
l&aﬂa
25,35
28,72
28,79
Zl
1,28
2,26
90“8
8.134
14,73
25.58
29.00
29,06
3
1,31
2e2b
4ol
8,29
14462
25651
29415
29,22
4
1.35
2.29
4,48
8,135
14,75
25,52
28.8¢8
28.96
5
l.34
2,27
4.34
8.11
14.26
24,94
28,94
2%.03
()
1.2()
2,25
HL.50
B,4)
14,A0
25,60
28,97
29,04

l na“‘
2.37
4,71
B8.77
15,48
26,135
23,15
28,80

1.35
2.36
4.75
8,78
15,53
26,38
29,01
29,05

1.35
2,38
4,76
8.75
i5.,40
26,36
29.18
29,22

1,39
z.39
4,76
8'73
15,56
26,31
28,90
28,94

1.38
2,35
3,60
8.5¢4
15.04
25,84
28 .97
29,03

ta2e
2.39
4 .81
8,83
15,59
26,41
28,99
29,03

lenl
257
Sa00
9.22
16.30
2ha77
28.77
28.81

1.39
2448
H.0V
9,27
16+ 36
27.05
27.03
29«05

1.45
2.54
5.03
9.19
16.23
27.06
2919
29422

1.45
2454
5.08
9.24
16,28
26496
£8,92
£8.95

1e43
2450
4093
9.01
15,84
26469
28.99
29.02

1.43
2.50
5.08
9.28
16,45
2Te06
29.00
294,00

LA RN T R

bebl
2,65
5433
9.71
17-19
27,29
28.78
28,80

149
2.68
5.36
5,73
17,25
£27.58
29.04
29,04

1.50
2.68
5.33
9,70
1713
27a.¢ ¢
29,2V
2‘-3.£2

1.57
2.67
S436
Q [ 7 CJ
17.28
27 49
28,94
28,94

1.54
2e54%
5.21
9,47
1(3.68
27.c2
29,00
29,02

la67
267
Hel?
9. 79
17,33
2T e56
29.01}
29,03
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P

1 e :“‘.”;-;.M-,M«s‘.ﬂ
R, B~ .
G

AUTOCAR LNDT
1.2 1.05 15086
1466 171 1o83
2+ TB  Ze9% 3415
568 5.4 6a.19

i0ola 2070 1l.24
17.86 12,81 19.84
27:52 27.94 28.21
28.89 2B.B82 286,82

AUTOCAP LOT
100 tel? 1,09
169 179 1.86
2:.90 3.06 .26
5,56 5,97 6435

10,29 10481 11,39
17.97 18,95 19,93
2770 28,06 26.32
2690 28,90 28,90

AUTGCAP LOT
1,00 1.03 1,12
1«73 1.84 1,91
2¢92 3612 3,30
S5¢73 606 6,43

1051 12.04 11,63
18.42 194,43 20.49
2Te%04 28,24 28,47
28.93 28,93 28,94

AUTOCAP LOT

«89 «97 1.00
158 1468 1,74
2:.78 2,93 3.11
See? 5.79 6,106

1006 10.56 11,14
7.68 18,65 19,64
27.68 284,03 28,34
79,00 29.n1 29,02

AUTOCAP LOT
1«01 1e07 1411
1.70 1.82 1,87
2«91 3.05 3,24
S067 S.99 6,37

8035 10.88 11,47
1818 19,17 20.20
2784 28,17 28.42
28,96 28,97 28,97

AUTOCAP LOT

«9G «99 k,03
l1e€68 1,74 1.85
285 3.0 3.22
5655 Se90 6,24

1018 10.7% 11,27
1787 i8.232 19.84
2766 27499 28,27
28,83 24,87 28.84

Le
1.1%
1.89
3,34
6055

1185
20.91
2Bl
28,82

1ok
1.92
3.50
6,71
11,96
21.00
28.52
28,91

1.16
2.00
3.54
6+84
12.22
21,56
28,63
28,54
Ls
1.04
1.86
3.35
6450
11.70
20.71
28457
29,02

1,106
1.99
3.48
672
12.05
21.28
284,69
28,98
Le
1.13
1.91
341
6.60
11.88
20,94
28,46
28.83

RAD
1-.18
1.97
3.58
6496

12a45
21.99
EB 05‘0‘
28,83

RAD
1e23
2.03
3.70
709

12060
22.10
284,65
208491

RAD
1.25
2.12
.74
T.21

12565
22.68
28,75
28.94

RAD
113
1.62
3.53
6.87

12.31
21.83
28.72
29.02

RAD
1.25
2405
3.68
Teil

12.70
22438
2B.74
28.97

KAD
1.16
2.00
3.65
7.02

12447
22.04
28460
20 .83

FIRING NO,

1e27 1,31
2.0 2,17
3.79 6404
Ta34 7,78

13,12 13.80
23,08 24.12
28464 28,70
28,82 2R.R2

FIRIMG NO,
1.28 1,33
2213 2426
3492 4.20
751 7.91

13.25 13.92
2319 24.23
28,74 28,81
28,91 28.61

FIRING NO.
1,28 1.35
2,20 2.3Z2
3.97 4.25
T.66 B.06

13,56 14.23
23,73 24,76
28.82 28,87
28,93 28.93

FIRING NO,
le16 1,22
2,02 2.15
3,76 4,04
7.31 .70

12,97 13.64
22494 23,98
28,83 28.89
29401 29.02

FIRING NO,
1,29 1.37
2,15 2.28
3:95 4,17
TeS54 T.906

13.34 14.03
23,471 24449
28,82 28.87
28,97 28,97

FIRING NO,
125 129
2613 2421
3,86 4.10
Te40 7.85

13,10 13.81
234,16 24.19
28469 2R8.74
28,83 28,82

168

1
1.36
2¢30
4,32
8,20
14,52
25607
28,74
28.82
2
1.40
2434
4,45
8,35
14,65
25c20
28@84
28,90
3
leu6
2,41
44,49
8,50
15.01
?5068
28,89
28,92
A
1.32
2,23
4,27
8,12
14,38
25.02
28093
29,01
S
l,42
2.36
4a43
8,41
14.78
25.43
28.9)
28,97
6
1.35
24.34
4,38
8,26
14,52
25,15
38,78
28,83

La46
2.39
5656
8,65
15.31
25,90
28,756
28,81

164
2,45
4,71
8.83
15.39
26,01
28,87
28,91

1.51
2451
4.79
8.99
15.77
26,42
28,90
28,92

1,36
2.34
4,57
B.%2
15.12
25,88
28,96
29.01

1.48
2.50
4,76
8.85
15,55
26.22
28,93
28,56

1.45
et
4,63
8,71
15,30
25,97
28,7y
28,82

1.50
2.50
4.88
9.1
1610
26459
26,78
28.81

1.56
2.61
5.01
9.28
16.20
26.71
28.88
28,90

l1.61
267
5.07
9.45
16.59
27.06
28,92
28.92

la46
2.48
4,83
9,064
15.92
26.60
28.98
29.00

1.59
2.60
5.01
9.33
16.37
26,88
28.94
28495

1.50
2457
4.93
9.20
16.1¢
264,65
28,81
28,81

1.60
2465
3416
9,63
16.95
27,14
28,80
28.81

1.61
2.73
5.31
9,79
17,07
27.26
28,89
28,90

1,66
2479
5.38
9.95
17,50
27.56
28,93
28,91

1.50
2.60
5.13
9,55
16,78
27.20
28,99
28.99

1,063
2.72
5031
9.86
17.27
27.41
28,96
28495

1.57
2.72
5.2%
9.6
16.9%
27.21
28,82
23.81
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AUTOCAP LOT

281 + RS 290
lebt6 1.53 1.66
2el& 2.96 3,15
5256 5.490 6,23
10.18 10.69 11,23
17.9) 14,86 19,89
2769 28,03 28,31
28.93 28,93 28.94

AUTOCAP LOT

«83 «B3 «93
le4¢6 1,57 1,62
277 3,01 3.20
S.67 5,98 6,34

1035 10.89 11,47
1823 19,22 20.27

2T7+95 284,29 28.53
29:05 29.06 29.05
AUTOCAP LOT

.8‘. DQB 096
151 1.60 1.66
2675 2496 3,15
556 5.88 6,23

1019 10.72 11,28
17.91 18.88 19,92

27.94 2R.32 28,60

29+23 29.24 29,24
AUTOCAP LOT

715 Al «82
135 1446 1,52
2+68 2,79 2.98
5437 5.69 6,06
9,91 10.42 11.00

17:50 18,47 19.48

27492 28B.34 28,66
29438 29.39 29,139
AUTOCAP LOT
«83 «R3 87
1.48 1,56 1,68
2e73 2.90 3,14
St 8 5.R4 (3021
1008 10.63 11,16
17.74 18.69 19,66
27.75 28413 28,42
29.08 29.57 29,10
AUTOCAP LOT

18 «94 «96
1.53 le64 1.70
276 2.93 3.13
5.55 5,86 6,3
1017 10.71 11.29
17.97 18.96 19,98
2T+85 28,20 28,45
29.04 29.04 29,06

JLa
94
le71
3,36
602
11.85
20,94
28.51
28,94
JL .

¢ 95
1.7¢C
3.44
6.74
12,05
21434
28.71
29406
JLo»
«98
1.71
3.38
6.62
1185
20.98
28.80
29.25
JL.
+86
1.63
3.22
6440
1155
20,54
28,89
7940
JL e
1.76
3.33
6455
11.76
2076
2B.64
29.,009
JL»
1,01
1.81
3.37
659
11.86
21.08
28,65
29,06

RAD
99
1.83
3.61
6499
12,45
22.05
284,65
28.94
RAD
1.02
1.84
3.65
Tell
i2.68
2245
28,84
29.06
RAD
l.06
1.86
3.56
7.060
12447
22.09
28,96
29,25
RAD
94
1.70
3.42
6,78
12.17
21.66
29,06
29440
RAD
98
1.84
3.58
6,95
12.35
21,85
2R,79
29.09
RAD
1.10
1.87
3.58
597
12.48
22.21
28,79
29.05

FIRING NO, 1

107 1409 119
1,91 2.01 2.16
3,82 4,10 4,34
7438 7.82 8,24
13.12 13.80 14,52
23,16 244,21 25418

28,74 28,80 28,85
284,94 28,94 28,94
FIRING NOo, 2

1,05 1,10 1,20
1.92 2.06 2,15
3.90 4.18 4043
7¢53 T.94 8,38
1343€ 14,05 14,81

23453 244,57 25,53
28,91 28,97 29,00
29,06 29,06 29,05
FIRING NOo. 3

1,09 l.14 1,24
1.94 2,07 2.16
3,82 4410 4,35
7.42 7.82 8,23
13,14 13.82 14,56

23419 24,27 25.28
29,05 29.12 29,16
29,28 2926 29.24
FIRING NO, 4

297 104 1,07
1,79 1,93 2.02
3.68 3451 4,17
TelB 7457 8,03

12,79 1347 14,20
22478 23.91 24,97

29417 29425 ?29.30
29.40 29,39 59,39
FIRING NO, 5

1.07 1.11 1.17
1.96 2,04 2,18
3478 4403 4,32
Te32 Te76 8,17
13.00 13.69 14,40

22.96 24,04 25,04
28,89 28,95 29,00
29,0 29.08 29,07
FIRING NO, 6

1.13 1.18 1,28
1.96 2,09 2,18
3.81 4,09 4,33
Te4d T.80 8,23
13.15 13,83 14,58
2331 24.38 25,34

28,88 25,93 28,97
29.05 29,06 29.05

1.24
2.27
4.61
8.71
15.31
26.00
28,88
28,94

1.24
2,27
4,74
8.86
15,59
26.32
29.02
29,05

1.27
2,28
4,63
8,68
15,31
26,14
29,18
29,24

1,13
24,17
4,47
B.,46
14,96
25.86
29,34
29,39

1,27
2.28
4,57
8,61
15.18
25.90
29,03
29,07

1,32
2.28
4.62
8.71
15.35
26415
29,00
29,05

131
2443
4.93
916
16011
2669
28.90
28,93

1.30
2,45
5.03
9.26
16441
26,98
29.04
29.07

1.37
2445
4.92
9.18
16.13
26.88
29.21
29.23

1.24
2.29
4,73
8.91
15.75
2671
29.36
29.39

1.32
2e4l
4.88
9:10
15.97
26.65
29,05
29.06

l.41
2.48
4.90
9.17
16617
26,85
29.01
29.04

1.41
2.57
5.21
9.65
16,99
27.25
28,91
28,94

1.40
2.+59
5.32
9'80
17.31
27.53
29.05
29.05

1.42
2.58
5.22
9.69
17.00
27,47
29.21
29.23

1.28
2.42
5,03
.42
16.62
27.37
29.37
29.37

1.42
2459
S5.17
9.57
16.82
27.26
29.96
29,06

1.46
2457
5.21
9.67
17.05
27441
29.03
29,04
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AUTOCAP LOT

87 «91 «98
1.58 1,68 1.74
2.80 3.01 3.20
5,63 5.95 64,29

10.23 10.74 11,32
17.99 18,97 20,02

2789 28,24 283449
29.04 29.05 29,006
AUTOCAP LOT

87 « 90 97
1.53 1.65 1.71
2+80 3,02 3.20
5.65 5.97 6.33

1029 10.81 11,38
1812 19.10 20,13
27.87 28,21 28,46

29.00 29.00 29.00
AUYOCAP LOT

*90 97 1,04
1461 1,67 1.75
2.84 3.00 3.24
566 5099 6.38

10633 10.89 11445
1826 19.26 20,29

27.93 28.24 28,47
28.96 28,98 28,98
AUTOCAP LOT

+98 «98 1,01
163 1.68 1,79
2079 2497 3.21
S5¢56 5.92 6,27

10.12 10,66 11.19
1778 18.73 19.74

2772 28,07 28,36
28.38 28,99 28,99
AUTOCAP LOT

95 «e96 1,03
1057 106“ 1074
2'76 2.96 3.1‘0
5.48 SeRG 6,16

1006 10,57 11.12
1769 18,64 19,67
27.69 28,07 28,36

29.02 29.03 29,02
AUTOCAP LOY

.89 «92 #93
1eS54 1.60 1,68
277 2493 3.16
.53 S5.83 6.22

1013 10359 lla23
1795 18.94 19,95
2795 28.31 28,58

29.17 29418 29,19

JKL &
1.01
1.83
.44
6,68
11.%0
21410
28468
29.06
JKL
1.00
1.79
3.45
672
11.96
21.20
28465
29.01
JKL o
1.08
1.87
344
6.73
12.05
21.38
28,64
28.98
JKL .
1.19
1.85
3.39
6461
11.77
20.82
28457
29,00
JKL»
1.05
1.82
3,34
6.56
1172
2G.72
28.58
29.064
JKL o
1,060
1.80
334
6,57
11.82
21,05
28,77
29.21

Je62

12.41
21.91
28,72
2%9.G0
RAD
1.11
1.93
3.60
6.91
12.31
21.82
28,74
29,04
RAD
1.03
1.88
357
6.98
12.47
22.16
28.972
29.19

FIRING NO, 1

1,14 1.21 1,29
2,03 2,16 2.24
389 4,17 4.42
TeaT T487 8,29
13418 13,87 14,63
23434 24441 25,39
28,89 28,95 28,99

29406 29,05 29,05
FIRING NO, 2
1415 1,17 1,27
2,00 2.10 2,25
390 4419 4442
T+48 Ta93 8,35
13631 13497 14,70

23,39 24443 25.39

28,86 28,391 28,9%
29.00 29402 29,00
FIRING NO, 3
1,15 1.25 1429
2,06 2414 2,24
3,93 4417 4443
T«51 7.94 8,39
13436 1407 14,82

23456 24,64 25,57

28,83 28,688 28,91
28499 28,98 28,97
FIRING NO, &
118 1,28 1,31
2:07 2415 2.25%
3.89 4,11 4,40
7435 T.80 8,25
13,03 13.73 14,43
23401 24,05 25.08
28.,81 28,88 28491
28499 29,00 28,99
FIRING NO, S
1,19 1.22 1,27
200 2,10 2,23
3.79% 4405 4,434
7.70 Te74 Beoi6
1296 13466 14437
22493 24400 25.01
28,87 28,91 28,9%
29,04 29,03 29,03
FIRING NO, 6
1,09 1.17 1,22
2.00 2.08 2,18
JeB4 4,06 &,36
T.37 7,77 8,2?
13.11 13.82 14.55

23.29 24,38 35,37
29,01 29,07 29.11
29,19 29.20 29,19

170

1,34
2,36
4,71
8,76
15,37
26,22
29,01
29,05

1031
2.34
4,6%
8.81
15,49
26,20
28,97
26,99

1,36
.39
PTA
8,86
15,60
26,36
28,94

28,98

1,41
2,39
4,65
8.67
15,20
25.94
28,94
28,99

1.37
2,33
4,58
8.59
15,14
25,87
29.01
29,03

1.31
2,33
4,60
8.65
15,33
26,22
29‘1“
29,19

1a248
2.51
4498
»21
16.20
26491
29.02
29.04

1634
2.50
5.02
9.27
16031
26,80
29,98
29.00

l.46
Te49
S5.02
92.30
16.44
27401
28,95
28,97

1.45
2.5¢
4,94
9.16
16.02
26.66
28,96
28.98

1.42
245
4.89
9.07
15,92
Pb.bo
29.01
29.02

1.36
2,43
4.90
Felb
16,17
26493
2914
291

1.55
Cobt
5.28
.69
17.09
27447
29604
29,05

1.47
2.63
5.30
9,75
T.20
27 .43
28,99
29,03

1.51
2.6%
5.35
9.83
17,31
27.52
28,96
28,97

1.52
2.67
527
9,62
16.87
27.25
28,97
28,98

1.0 1

el
954
16.77
cTe21
29,01
25,03

1,3
2050
S. 22
9 63
17.43
27 .1 "
29.. 7
29.18



AUTOCAP L OT
o719 «86 «88
1e48B 1.54 1.6}
2.71 2.88 3.11
5653 S.87 6424
£0,15 10,69 11,25
17.94 18.91 19,91
2734 27.66 27,90
28.51 28.52 28,53
AUTQCAP LOT
e84 91 «93
1652 1.56 1.64
282 3,00 3,24
S¢67 5.99 6,37
1021 10,76 11.78
17,86 18.82 19.t1
2737 27470 27,95
2855 28,57 28,7
AUTOCAP LOT
¢85 «93 ot
157 1463 1,71
286 3404 3ech
SeTl 6,04 6,42
1032 10.85 jle4?2
18.08 19,05 20,05
2750 27.R0 28.04
28458 28.59 2B.59
AUTOCAP LOT
89 «Q2 1.00
155 1l.64 1,70
2:75 2,97 3.16
5058 5.00/ 6-210
1013 10.63 11,20
17.80 18.75 19,77
2753 27,87 28,13
28aT3 28B.73 28,76
AUTOCAP LOT
«93 «96 1,00
1064 1070 l.el
288 3,06 3.29
STl 6406 64,49
1931 10,87 11,43
18.11 1% 07 20,08
2T+64 27 .95 28,19
28.71 28B.72 28,72
AUTOCAF LOT
«86 .3 «99
160 le - 7 iel5S
2.80 20‘3‘0 3.!‘)
548 5.8l 6,18
10.02 10.56 11.19
1763 18.59 19.59
2T«09 27.84 28.12
el 2B T4 28,74

JKLL e
55
1,73
J.32
6,59
1t .86
20.96
28,08
28,53
JKLL o
1,00
1.76
Jebts
6.72
11.87
20.86
28.15
28461
JKLL .
1.93
184
3,48
675
12090
21.10
28421
284,59
JKLL «
1.03
1.78
3.41
6.62
11.76
20.82
28,33
?Be T4
JKLL W
1.07
1,88
3.50
6,7€
12.903
2115
28,37
28,72
JKLL .
1,03
lent™
Ted7
6.53
‘lnés
20,61
28.32
28.‘74

RAD
98
1,80
3,54
Ta00
12,48
22.04
28,22
28,53
RAD
1.03
1.83
3.68
Tl2
12.50
21.91
2R .28
284,58
RAD
1.06
1.91
3.72
7.15
12.646
22.18
28,34
28.59
RAD
1.07
1,91
3.64
6.99
12.38
21.90
28447
28,74
RAD
1.10
1.97
3.75
Tel7
12.64
22«4
28+49
28.72
RAD
l.11
1,95
3.57
6 .89
12.31
cla7l
28a.0T7
CBeTS

FIRING
1,03
1.89
3.82

13,13

23,09

784,31

23454

FIRING
1.08
1096
394
T7.590

13.13

22,98

28,38

28457

FIR NG
1,10
2:01
T.57

13.30

23424

28,42

28,59

FIRING
i.16
1.98
3.85
Te37

13,07

23,00

28,56

28,74

FIRING
1.19
2.11
3.96
7455

13,30

23.32

2857

28,72

FIRING
2.04
3443
7.32

1294

281

28,57

S8 TS

171

1.13 1,16
2+03 2,11
4,05 44,31
T7.78 8,24
13,82 14,58
24410 25,00
28,37 28,42
28.53 28,54
NO, 2
lel7 1o.21
205 2,156
4el7 G464
7.89 8,35
13.84 14,56
24.01 24,94
28+44 38,48
28.57 28,56
NO. 3
1,20 1,24
2615 2.24
4423 4449
7.96 8.&3
13,99 14,73
24426 25416
28,49 28,51
28459 28,59
NOs 4
1,20 1429
2.07 2.21
%413 4,37
T8¢ 8.21
13474 14446
24,06 25,02
2B.62 28,66
2874 28,74
NO., S
1e23 1430
2619 2,32
a2 9,o51
Te98 8,39
4,01 14,73
Che b 25,27
28462 28,465
2B 13 28,72
NO, 6
123 1427
Sd1B  2.26
4,06 4,31
770 8.1%
13.62 14,36
23.88 24,8~
2B B3 2B.F 7
2t .15 >R, 4

1.22
2.26
4,62
8,68
15:3"
25.78
28,46
28,54

1.26
2.32
4,75
8.77
15.31
25,74
28,51
28,56

1.30
2.39
4,80
8.85
15,49
25.93
28,55
28.60

1.32
2,31
4,63
8,68
15,26
25,85
28,69
28,74

1'40
2,42
4,78
.84
15,51
26,07
28,68
28,12

1.34
240
4460
.58
15.10
25,71
28,70

28,74

1.33
2637
4089
9.15
16.18
26,42
28,47
28454

1.36
Celd
5002
9.23
16,13
26440
28,53
28,55

l.4l
2,51
5.07
9.31
16.32
26458
28,56
28.60

1,39
2etb
4495
9.12
16.04
2654
28,70
28a.74

1e45
2465
5.09
6,33
16.31
26,71
~H.68
2n. 71

i 45
250
4 .87
9,04
15.92
26 .45
(){V‘O 78
BT

1.38
2.50
5.22
9,64
17.03
26,93
28,469
28.54

1.41
2.60
S.35
9,73
16,96
26.93
2B.5%
26.55

L.46
2.66
Seta
9.83
yk7016
27.09
28,458
2R .59

1.49
2.58
5,24
9.60
16.90
27.10
28,71
28474

1.5%
ol A
S.al
9,80
17618
27.23
28.71
28,72

148
Jebd
Lol
Qa0
1,76
27,013
SR,T3
2R.TS



AUTGCAP LOT
82 286
1654 1e65
3.05 2.30
6172 6H,45
1106 L1ebd 1227
19.27 20.18 23,08
2770 #B,09 28,37
2906 29,07 29.0¢
AUTOCAP LOY
+ 38 291
o2 162
279 3.03
5.87 .23
10.94 11.59%
1928 20.21
2195 28,7346 28,065
2933 29,94 29,3¢
AUTOCRP LLOY
PR o A8
157

C 94
1,72
3.51
6.81

.99
1.69
»3n2£|‘
6661

izele
215

« %
1.68
3,3}
6,67
12.13
21.10

lo*#‘:;}
286 3410
Stqkﬁ:' ‘)mBl
10.93 11.%51
1926 20,18
27.92 28,31 28,63
2928 29,28 29,28
AUTOCAP (CT
v 20 «90
iv8 1456
2e73 2.93
5.68 64725
loux\b6 lll?ﬁ
I8.87 19,80 20.73
27,79 28.23 28,58
29637 29417 29,39
AUTOCAP LOT

93
1.67
J 1%
t‘e“(i’

11.8%

«83 RE 74
J .48 | RN it .68
2e85 3,0% 3,29
5.8%  beh 659
10676 11.32 11.94
lﬂoﬁq lQ-«’Q 1)0071
2lTetl 28,00 24,37
29e)7 29418 29,18

AUTOCAP | 7

PR RS 1.0%
1.548 ‘ 9 1,75
2ebN a0 3.0
el el 6,56
YO8 Tl 12,07
1912 20.06 21.01
CTLBE 2R, PY 2B, 08

CHed 29 25 .30

Mo
97
1.82
377

Te22

12,90
21697
28,60
29,07

ie01
177
J.48
Te02
12.82
22405
28,88
29434

96
1.74
3.5%
7,06

12,RC
22:07
28.6‘:"‘
29,29
My
1,01
Le74
3,329
6679
12.51
21,67
2R .84
29439
M,

097
| Y S
3,53
B eI

12.59
21460
cBaty3
23,18

1.78
i8¢
30673
He97
};«;‘.7“.‘
92
AR R
;.fi;.:}()

RAD
Y406
1695
4,00
T.61

1358
2?.84
e« 16
2 1306

RAD
1.06
1.89
3.76
Te%0

13,50
22.95
29.04
29.34

RAD
l 00‘1\
1.,83
3.82
Ta48

13,48
22491
29,400
29,29

RAD
1.04
1.83
3466
Te20

134,17
22656
28,07
29439

KAQ
1.0(
1,87
Je8e
7Ta37

‘3.8‘4
22T
28,8¢
29 L

YAD
a1/
Yol
3.7
Ted7

Y34t
2Pt
P TAY

N ;
J9

FIRING NO, 1
1,09 115
€e05 Pel7
4426 4,55
BeGO R,S1

14.31 15.05

23067 24449

28,86 28,9¢

29,06 23.06

FIRING NO, 2
el 1418
1,97 2.07
4.00 4,30
7 eB% »32

14024 it 98

23,82 24470

29015 29.21

29,34 29.34

FIRING NO, 3
1,10 1,14
1498 2404
-@»07 434
Ta87 B33

14,19 14,96

23,78 24,60

29.11 29.18

29.79 29,728

FIRING NOg 4
lel2 14,15
1.9% 2eu3
3«89 4.15
To61l 84,09
13,87 14463

?3»‘05 24.29

28415 29,24

2939 29,438

FIRING HiOe 5
1,10 1416
L+96 2,06
4,05  4.36
7,78 B,25
Fle9t 14468

2363 26417

ARL9S 29,03

,’Q.\Q 29-1“)

FLRING NO, &
170 124
Za0% 2415
3,0% 4,05
f.80 8,78

fauhd Ya.uh

3 hY e wp

.'T“?‘o}e 2“@19
B [ !L ‘ v ® 10

1.25
2433
4eR3
8,95
15,82
25,28
29,02
29.06

1.27
221
4,57
3.78
15676
250‘07
29.26
29,33

1,19
2.21
4465
8,79
15.74
25,45
29,25
29,28

1.2}
2,17
“ﬂ‘.(‘
8455
15,40
25:13¢
29,729
2939

1,722
2471
Gane
He 69
19445
Py g B
_:290 09
2319

Le 32
celR
Wt
B. 74
lbt“' E
25, 3

IR JNRARE'

1,30
2at7
5.12
9,45
16,65
26.01
29,02
2%,06

1.31
2.3]
44,89
9,30
16,60
26,20
29.29

29,33 ¢

1.29
2,32
4,94
9,28
16,58
26,18
29.25
29.27

1.30
2.27
o, T4
9,03
16.23
25,90
29,32
29 38

1.26
2.32
44,91
J, 18
16,26
25,76
29,12
29.18

1.36
2.37
4.81
9.2%
16,48
26,09
29,26

2,20

1.37
2.67
5,45
9,95
17,49
264067
29.04
29,05

1.37
249
5.21
9.81
17,45
'6.88
9431
0932

1,33
2048
S.28
9.82
17.43
26,85
29,27
29,27

1.35
2439
5.0(‘!
9.56
17,07
2(()56‘
29.35
2y 38

1.33
250
5423
9.66)
17,0%
26,406
29414

143
(:’.‘:)3
(:301':)
B.75
17432
FH. T8
29,08

11(‘) 3 ,“)

l.%48
2.8¢4
5.76
10,48
18,38
27.2%
29.05
29.00

1,47
2461
5.51
10.3¢
18,36
Zl.47
29.32
2%9.32

1.43
2.68
559
10,34
18.32
2764
29.28
294,27

lab4
2.58
5435
10.08
17,85
27425
29,37
29.37

1 «h3
I 1
592
10.18
17.98
2T.08
29,16
29417

1.53
e bée
S5a.48
10.29
1422
7838
249,09

x") G » () 9
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AUTOCAY LOT

«89Q -89 93
le48 152 1,63
257 2,74 2,96
5.33 S5.70 6,04

1003 10463 11.20
18.14 19,12 20,14
28,23 28.6) 28,90
€944 29,44 29,44
AUTOCAP LOT
2T «78 «868
1637 le64 1,55
2e48 2.65 2.81
5¢16 5456 5.84
9.80 10,34 10,95
1790 18.88 19.92
28.17 28.%9 28,90
29444 29,64 29.44
AUTOCAP LOT
»82 o2 «85
1 41 1l...7 1.58
2:55 2,71 2.94
S.30 a6 5,97
3,91 lues8 11,04
1796 18.93 19,96
28412 28.54 28,83
29036 29.37 29.37
AUTOCAP LOT
78 e R& e 86
1-39 l.‘rO 1.55
2+61 2475 2494
Se.3 Hau64 5.98
9,40 10.35 10.95
1772 18,71 19,71
28209 28,55 28,89
2951 29.5]1 29.%72
AUTOCAP LOW
«B6 «R6 92
le2Q 1,67 1493
250 2.68 2.84
Sa22 558 5$.92
qtq’“ 10.1#9 )1.09
1795 18.92 19,94
28405 28,07 28,75
2532 79.732 29,13}
AUTOCAP LOT
b8 « 15 o 17
1-20  1.38 1l.43
2ebls 2.58 £.16
Sell S0 S.75
9.60 10.13 10,71
17.50 184647 19,41
2Te94 284 28,177
29.45 29,46 29,46

N
1.01
1468
3.16
6l

11 .85
?l.21
29.10
29,44

Ne

«87
1.61
3.00
6425
11,59
20,98
29.09
29445
Ne
.93
1463
3.13
6.33
11,67
21.902
29,03
29,17
Ne
+89
1a67
3.18
6.30
11653
204,76
29.10
29,52
N,
L
l1e63
3.05
6e 28
11.71
2099
2B496
29. 31

80
| I
2 o9
6,8
11433
20451
L9, 0¢
29,47

RAD
103
1.76
3.4l
6,80

12.47
2228
29.23
29,45

RAD

«92
172
3.25
659

12.22
22.05
29.22
29,44

RAD

«3%
ie71
3436
6eTd

1233
22.07
29.14
29,36

RAD

«97
1.70
3.39
667

12,17
2l.84
29.26
29.52

RAD

97
1.72
3.30
6eb"

12.31
S04
29.,1¢C
29.31

RAD

288
1.60
3.‘9
Ha.95

1i.97
21.5%
29418
2966

FIRING NO, 1

l1.11 1,14
1.88 1.96
364 3,88
T¢18 761

13415 13,90
73433 24,37
29.31 29,36
29,45 29.44
FIRING NO, 2

1.00 1,03
1.81 1.89
347 3470
6,95 7.38
12,91 13.66

23,13 24417
29.31 29.35
29.44 29,44
FIRING NO. 3

99 1.08
i.85 1,93
3.62 3486
7.11  7.52

13,00 13:.74
234,13 24416
29,23 29,28
27637 29437
FIRING NOy &

«99 1.04
1483 1,96
Je63 3.50
T.08 T446

12,87 13.58

22490 23,94
29437 294,43
29452 29452
FIRING NO, 5

le06 1,07
lae  1.92
352 377
7«06 T7.50

13.02 13.76

23409 24,10
29,17 29,22
F:‘Q.;H 290:'11
FAIRING NO, 6

.91 . i

| B A o8
a2 .76
6elstd Ta?26
12406 13,36

22460 23471
2Pe29 23435

206 29,46 2

L73

1,19
2,05
4617
8457
14456
23,435
29,39
#9044

1.08
2402
4,00
7.83
l‘.o“l
2517
29,39
29,445

1,12
2402
4al4
7438
14,49
25,15
29,722
29,37

1,14
2406
Galo
7.86
!.413/-0
Db QY
29445
29.51

1.13
2.0
4,07
7.93
.51
2&) LG
?9.25
29.31

Y02

1.29
2,20
4,44
8.50
15,45
26,25
29,42
29,44

1.18
2,10
4426
8,27
15,23
26,10
29.41
29,43

1.21
2el)T
4,40
8,42
15,29
26,08
29,34
29,36

1.18
2.16
4,44
8.34
15.11
25,90
29.47
29.50

1.23
S.13
‘..32
8.40
15,32
26,01
2%,27
24,31

1,07
2.02
“.2"
HelS
14,08
25,69
29.42
29 46

1.32
o229
beT2
9,00
16431
2709
29.42
29.44

l.22
2+21
4459
8.76
16.07
26493
29442
29,43

1.25
2.27
%68
8.90
16.14
26,89
2%.35
#9435

1.27
2032
4,70
Ba78
15.92
26675
29.49
251

1.23
2624
4'63
B,31
16,14
26,32
29.28
2% .60

l.16
2.17
4 .49
8.60
15.72
26CS“
2993
2946

i.38
2eh4
5.05
9449
17.19
27.70
29445
29.43

1.32
2037
()987
9,25
16.95
2763
29,43
29.42

1.31
242
S.02
9.38
17.02
2757
29426
29.35

1.32
2.42
5.00
9.30
16.82
27.48
27.51
29,50

1.3“'
209
4,91
9,39
17.02
27.51
29,30
29429

1.23
228
4,78
9.11
16.60
27.31
2944
29.45



AUTOCAP LOT Pe RAD FIRING NO, 1
1012 162} 1626 1629 1ol 1667 1457 163 1,72 1.84 1,93
2:03 2e17 2428 2,45 258 275 2496 3.14 3,36 3.54 3,76
3098 4e2) G642 4,70 4,92 5421 546 5,74 6,06 636 6.65
T7¢02 7e33 Tl 8406 B.44 8,87 9426 9,73 10,17 10.64 11.16
11665 12418 12.76 313632 13.96 14,58 15425 15,95 16,67 17.42 18.25
19607 1995 20,86 21,80 22478 23¢74 24470 25:58 26,37 27.05 27.61
2807 2Be4t 28474 28,96 29,13 29,27 29,37 29,45 29,48 29.52 29.54
29¢5] 29.50 2956 2957 29.58 29,57 29458 29457 29,57 29.57 29.57
AUTOCAP LOT Po RAD FIRING NO, 2
1015 1615 120 1629 1:33 1635 1449 1455 1,66 1.71 1.79
1-93 2,00 2615 2425 2,37 2456 2472 2,90 3,13 3.32 3.53
r 3072 394 6419 4,42 4,66 44,94 5420 5,50 5,77 6.06 6.4l
GeT3 TeNO To42 TeBO 8,20 Be58 9,01 946 9,90 10.40 10.88
1140 11.95 12649 13,07 13.70 14434 15402 15,71 16,44 17.23 18.02
18:88 19473 20466 2164 22,63 23,65 240606 25462 26,51 27428 27.93
282646 PR.BB 29422 2950 29.70 29485 29496 30,04 30,09 30.12 30415
3015 30416 3017 30,18 30,18 30419 30619 70419 30,19 30.18 30.18
AUTOCAP LOT Pe RAD FIRING NO. 3
1.05 1e10 .19 1.22 1.32 1.40 1,44 1,84 1,59 leb7 1.79
1688 2.08 2ell 2422 245 2455 2472 2494 3,10 3,34 3,52
; 3074 3.Q9 “019 4'9046 ‘0.67 ‘0092 ‘:4022 Sc‘OR 5.76 6.0‘:‘ (\037
6eT2 TelU3 Te38 ToT78 B8B,la 8,54 8,98 9,40 9,387 10,32 190,81
116346 1185 12443 13600 13,80 14427 14689 15,60 16,36 17409 17,92
1876 19.64 20,01 21456 22:55 <356 2456 25452 26,41 27,19 27,82
28e36 28477 29412 29438 29.57 29,73 29e84 29,92 29.97 29.99 30.u2
30.06 30.04 30,05 30405 30,05 30405 30605 3005 30,95 30.05 30.04

~—

AUTOCAP LOT P. PAD FIRING NO. 4

1e13 1421 1e26 130 1460 1a45 1455 1,60 1,67 1.79 1.86
1695 2407 2415 2429 2,38 2,51 2.69 2.82 3.03 3.21 3.41
3466 3.85 4.09 4436 ‘0061 4488 5013 5.39 5.71 6.02 64639
6e7] ToeUS T.45 7480 B8.20 Beb6d 9603 G443 9,93 10.40 10.94

11645 1199 1257 13014 13,77 14439 15.07 15,79 16,51 17,30 18,12
1895 19485 20677 2173 2273 23473 26475 25471 26,59 27.36 28.00
28.56 2Ba97 29431 29¢56 29.79 29493 30403 30,10 30,15 30,18 30.21
3022 3023 30,24 30425 ?9.25 3U.”5 30425 30,25 30,25 30.25 30.25
AUTOCAP LOT Pe HAD FIRING NO. b5
1615 1422 1425 1431 1,40 1e46 1,57 1463 1.73 1.83 1.90
1099 2612 2621 2435 2446 2459 2,78 294 3,13 3.35 3.54
378 3,98 4,22 4449 4.72 5¢01 5427 5455 5,85 6,16 6,49
. 686 TelT 7456 7493 8,31 B.74 9,16 9,60 10,08 10.54 11,06
; 1156 12.09 12.69 13,27 13.87 14.52 15.1% 15,92 16,65 17.42 18.27
' 19211 20,02 20,93 21.90 22491 23692 24.90 25.86 26,68 27.40 27.98
) 28.46 28486 29,14 29,38 29,55 29,69 279,74 29,104 29.8B8 29.91 29,92
29.94 29.95 29,96 29,95 29,96 29,95 29,77 9.9 PG, 46 29,95 29,93

’ AUTOCAP LOT Pe RAD FIRING NO. ©
% 1608 1416 1,419 1,246 1a34 1,38 1445 1o5%7 1,63 1,74 1,80
1690 2406 2414 2425 2441 2452 2471 2,87 3,04 2.28 3.47

3.70 3-00 4.13 ‘0.‘00 4.6] ‘4.56 5017 50{6? b.7‘4 6.01 6.33
668 6,99 T,34 T,72 B4sll Be52 H.92 9.3% 9,82 10,28 10,79
1 11628 11.R2 12,41 12499 3.59 14424 14,91 15.62 16,34 17,11 18.02
L 18.80 l9.68 20062 21.59 22.61 ?3.65 24.71 2507‘0 26.@9 270“3 28.?‘0
28.81 29,28 29,66 29.95 30,17 30.3% 30.46 30,55 3J.61 30.64 30.66
30,67 30,69 30.70 30.70 30.70 30471 30471 30,71 30.71 3¢./1 30,70

W
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AUTOCAP LOT
154 1.57
2¢866 24,78
‘0.88 5012
8ell 8449

1269 13,23 13.75
19,82 2043 21,48
28030 28.#7 28,58
29298 29,99 30.01

AUTOCAP LOT
1.54 1.60
2065 2,82
4.86 5.14 5,38
8.l B8.48 8,86

1270 13.19 13,74
1965 20,46 21,32
28417 28,56 28,89
29:96 29,97 29,99

AUTOCAP LOT
l1e34 1443
2.48 2.63
4eT6 44,98 5,27
Te97 84,27 8,71

1266 13.21 13.74
19.89 20,75 21,062
2849 28B.86 29,16
3010 30,11 30.12

AUTOCAP LOT
1e49 1.58
2e52 2463
4.67 4.90
T7.85 8,19

1234 12.87
19:246 20,06
2815 2B.01 28,99
30.24 30.77 30.29

AUTOCAP LOT
1.51 1.506
2¢55 275
478 35.035
8,09 B8B,42

1264 13.17
19.8) 20.A6
2Be4y 28,88 29,20
3019 30.721 30,22

AUTOCAP LOT
1.59 1.68
Ceb9 2eti3
4499 5,23
Be28 B,.64

12463 13,47
2007 20492
28«52 28.89
30413 30.14

1.65
3,00
5.41
B.82

1.71
2496

1,48
2,82

1.62
2.78
S.15
8.57
13,40
20,88

1.66
2.88
.29
B.78
13.74
21,52

1.73
J.01
5,53
9.03
13.99
21,78
29,18
30,15

Qa
1,75
J.16
566
9618

19533
Pce3R
2Ye24%
306G}

Qe
l.76
3.14
Se67
9,22

1427
22419
29416
30.00

Qe
1.59
3.03
5.52
Q.C7

14.31
22453
2941
30.13

Q.
1469
298
5.43
B892

13492
21.75
2930
30630

Qe
1e76
305
5.60
Y.17

14,29
P22eh1
294,45
30,77

')'
1.84
3.22
5.78
Q,39

l4e54
P68
29,44
30.16

~AD
l1.62
3,34
595
9.59
14.90
23.28
29,44
30.02
RAD
1.87
3.37
5.92
9.58
14,84
23.10
29,37
30,00
RAD
1.65
3,20
5.79
G4a9
14,92
23a46
29460
30.14
RAD
1.80
3.15
5.68
9.29
14,51
22465
29.55
30,31
RAD
1,84
3.27
BQHQ
Ye5H3
14 .87
2334
LIS
30423
RAD
190
3.40
6405
Y19
15.15
23.58
29460
30.17

NO, |
201
3.77
6449
10.41
16,15
25,08

FIRING
1.93
3,58
6,20
9,47

15451

26419

29,60 29.72

30.02 30,03

FIRING NO, 2
le99 24,04
3.54 1,74
6621 6,53
9,97 10440

15,46 16,07

23699 24,8€

29,53 29,67

20,00 30.00

FIRING NOo 3
1o74 1487
3,43 3,60
6,09 6,35
G487 1U430

15,53 16.17

24,38 25,29

29.77 29.88

30414 30,14

FIRING NO, 4
1,87 1.98
3.34 3,57
5¢G9 6,26
9.71 10,06

15,08 15,70

23,56 244,49 25,37

29,75 29,92 30,05

306,31 30.51 30,31

FIRING NOe S
189 1.93
344 3.617
6eld  Gaad
995 10,34

15e91 16414

C4426 25417

29,82 29,94

3023 3l 424

FIRING NO, 6
188 Z.10
3.62 3,81
0037 6.03

104619 1060

15476 16,42

24449 25,37

29,78 29,90

30,17 30.17

2.11
4.00
6eF3
10.82
16.8¢C
25.91
29.81
30,03

2ol
3:.97
“yR)
10.81
16,73
25,70
2377
30400

1495
3.R?
6eb6
10,75
16,87
26,12
29496
30414

2005
3.76
6.54
10.52
16,77

201”
3,R7
6.7(;
10,77
XG.HO
26,02
30,03
30,23

2e.18
4402
6,495
11,05
17.09
26,18
529499
30,17

175

2,26
4,19
Tele
11.25
17,67
26,65
29,88
30,03

2.25
4,16
7,11
11.27
17.42
264,45
29,84
30,00

2.05
4,07
7.00
11,18
17.57
26,86
39,062
30,14

2,15
4,00
6,88
10,94
17 .03
26,20
30,12
30,31

2,19
4,09
7.07
11,23
17.52
26,138
30,10
30.23

2.28
4,217
7.29
11.48
|
26,91
30,17

235
4440
Te48
1174
18.24
27429
29,92
30,03

2e37
4.02
7+46
11.71
18.13
2T.12
2¢ .89
30,00

2420
426
730
11.64
18.32
27449
30.11
30.13

Cel8
4,19
T«17
11,40
1775
20495
30ela
30,31

2e30
4633
T.01
11.69
18,74
)
A0, 1
30,22

2.42
4,408
T.60
11,94
18.%2
27.55
A0.09
30.17

2ek9
4,67
7.77
12.20
19,00
27.84
29.96
30,002

2.52
4,62
T.77
12.18
18,89
27.69
29,93

2.31
4,49
7.65
12,15
19,68
28,03
30,99
30.13

2.37
4aul
7.53
11.88
18,47
27.60
25,22

30,31

2etS
4.53
7.72
12,16
19.02
‘;‘H.{’l
Ju.l?
30.23

252
4,71
Te95
12,64
9.2/
2H,09
30.11
304158



AUTOCAP LOY

!“2 .‘105 050
81 « A8 «91
156 1.723 2081
3.36 3.63 3.95
T80 8.33 8.89
16,01 17,07 18,22
2916 29,76 30,17
31.10 31,12 31.12
AUTOCAPR LOT
032 * 30 «40
269 «78 «8Q
1,49 ie62 171
3.32 3.59 3.91
T.78 8431 8,87
15.99 17,07 18.23
2923 29,82 30.25
3117 31.18 31,19
AUTOCAP LOT
o7 52 «S2
87 «9C 294
le64 1.73 1.87
3.34 3.63 3.97
781 8.38 8,94
16,12 17.21 18.34
29.43 30,02 30,45
3135 31.37 31,37
AUTOCAP LOT
0.00 0.00 0,00
+68 73 31
1s48 1le6l 1.70
325 3,57 3.87
768 8.19 8,75
15676 16,79 17,94
29«11 ¢9.72 30,18

31.17 31.18 31,19
ADTOCAP LOT

¥4 el o43
e 78 «H0 « 87
154 1.64 .80
3.36 3.9 3,99
7.80 8.1317 8,93
1600 17.05 18,18
29.}0 29@."‘8 30.10
31.01 31.¢3 31.06
AUTOCAP LOT
b2 il .45
« 19 e A1 - 88
193 1.66 1,76
Je31 3e64  3.95
Te87 8.a3 9,07
1635 17.44 18,00
29.43 30,01 36439

3117 31,17 31414

Ra
51

« 95
1.93
4031
3,53
19.40
30449
3113
Re
ol
«85
1.83
4427
9.51
19,43
30.56
31.19
Re
«58
1.02
1,96
4427
G.56
1957
30.76
31,40
Re
2e0l
«84
la81
4:23
19.12
30.52
31,20
Ra
49
«91
1.96
44,32
.53
19,40
30,41
30.99
Re
45
«91
1.87
4429
.67
19.88
3066
31.19

RAD
53
1,05
2409
4,64
10,17
20,068
30790
31.13
RAD
43
«95
1.99
4061
10.13
20,72
30,78
31.20
RAD
58
1.07
2.08
4066
10.25
2086
30,97
31,39
RAD
«85

$ 92
1.98
4456
9.97
20.39
394,75
31.20
RAD
o3
96
2,03
4,71
10,21
20.67
30.62
31.04
RAD
a7

« 56
2.03
G467
1¢.32
21.18
30'8‘°
31‘&“.0

FIRING NGO, 1

eS9 460 .67
110 1.16 1,26
2,20 2.37 2.50

10,87 11.59 12.36
22606 23446 24,90
30,87 30,96 31,00
3le14 3l.14 2115
FIRING NO, 2

oS0 652  W5¢

«98 1,05 1,16
o1l 2429 2443
4498 S.41 5,82

10485 11457 12,35

22409 23449 24,92
30.92 31,01 314,07
31.20 31,20 32,21
FIRING NO, 3
61 68
115 1,21
2e25 2.37
506 5,44
10,93 11,65
2223 23467
31.11 31.20
31,39 31.40
FIRING NO, 4
» 58 50
+97 1403
2,09 2.23
4,93 5,35
10,65 11.40
2176 234,17
30,91 31.00
31422 31.20
FIRING NO, 5
«5l LY.
1e006 1410
2.19 231
Sel Sae6
10.88 11.562
22,03 23.42
30,76 30.85
31,06 31.06
FIRING NGy ©
Y e 54
105 1,10
2elb  72.29
5.03 S5.406
11,02 11,78
2260 26,04
10.95 31.03
Jl.21 21,21

«69
1426
2452
5.86

12445
25411
31,25
31,40

051
1,14
2.4‘?
5.74

12.15
2462
31,07
3,71

W59
1.18
2451
5490

12,37
24 486
30.91
3lGOﬁ

«59
1.20
2s4B
Se8 ¢

12,58
2YelsH
31.0R
31.20

176

.68
1,32
2,67
6,31

13,20
26.24
31.03
3l.i4

1.21
2461
6.28
13.16
26.27
31.11
31.21

72
1.37
2.72
6,28

13,26
26,46
31.e9
31,40

1.20
2457
6,18
12.98
26,00
31.11
31.22

«65
1.29
2,606
5432

13,18
26,21
30,95
31,07

.62
1.26
2.63
Vel2

13.45
26,78
1. i1
Jl,z21

w71
1,43
2+90
6.75
14,06
27042
31.06
3l.14

59
1.33
2084
6.73

14.05
27 .47
Jlela
31.21

19
leb4
2.89
6475

14.17
2767
31.29
31.40

+59
1.31
2.80
6.60
13.84
21,25
3le1%
31.20

e 69
1.35
2.85
6.81

14008
27438
30.98
31.06

+65
1.34
285
6.82
14,34
31.14
31.20

.78
1.50
3.07
725
15,02
28440

1.08
3l.14

«61
1.39
3,03
7"~‘

15.4¢C
28046
31.15
31.20

«80
1.52
3.2
Te29

1S.11
28,66
3134
31,39

e 66
1.41
2499
7.13
14.76

28,29
31.16
31.21

o711}
| Y
3,12
T.28
14499
28.34
30.99
31.06

o2
1.46
3,05
7.30

15.31
BLTY
31.15

3l.22
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AUTOCAP LOT
57 57 «59

102 1,063 1417
2¢G0 ?013 2.2"‘
Loty 3 4;“0 50[4
Fe21 9479 10,37

170‘59 18.";0 1905()
2844 28,9) 29,28
3021 304,22 30,23
AUTOCAP LOT
57 59 60

IOOS 1015 1.19
2007 2423 2435
5655 4437 5,22
Ses) G492 10,53

1764 18,07 19,75
28469 29,16 29,52
30«47 304,49 30.50
AUTGCAP LOT
55 «Ha 56

1403 1.07 1l.l4
2.0“ E.ll 2035
‘0052 “QQO 5.27

939 10,00 16,60
17.98 19.02 20.11
2886 29,29 29.62
3048 30,48 30,48

AUTOCAP LOT
«59 67 67

103 1409 1419
203 2.19 2.3]
G445 4,82 H,15
Gel?7 972 10,30

173% 18,34 19,42
23459 29410 2Y,.,48
30048 30,469 30,50
AUTOCAP LOT
o6 b «bb 69

1-230 lc?“ 1-3“
Ce25 2o3H  2.H0
et H.20 H.OT

9eH9 10,78 10,80
1806 19,05 2U.l2
CRGHD 24,95 29,27
30405 30,0~ 30,00

AUTOCAY LOT
52 Db DG

100 1e79 1als
2«03 13 el
Getd  L,ALl 5,19
Yedh  9,ue 10,°€

17.843 1H 88 19,99
P06 29,48 29,71
3055 0.8 30,58

Se
266
1,22
2,38
551
11,02
2068
26.55
30,24

67
1.27
2+53
5.64

11.13
20.85
29479
30,49

Se

«63
1.24
EQQQ
5.64

11.25
2125
23..87
3050

.67
1.24
2e46
5.55

10,95
2050
29.74
30,91

Se

o 76
100
2.71
594

11.51
2lefl
29449
30,09

Se

61
1.20
Cels
540

t1el7
P W s
29490
30.60

RAD
67
1.29
2.02
5.9‘0
11.66
2l.81
29.75
30.25
rAD
71
1.37
2470
6,02
11.79
22.00
30.00
30.51
RAD
65
1.30
2467
6405
11.95
22440
30.0%
30.52
RAD
67

1 Qaq
2.(3(5
5490
11.%8
2leb?
30,00
30 .54
<AD

o 7b
lea?
.91
6437
12.16
2235
29,66
30.10
AD
b
1.31
2ebY
R
V1, Ra
S04 30
JO . LE)
3060

FIRING NU. 1
NN RN

leal 1447 1,58
2,783 2,96 3,25
6,33 6,78 7,21

12436 13612 13.89
22,97 24411 29421
29487 30,00 30,07
30625 30e26 30,726
FIRING NO, 2

o 18 79 e B8

lea3 1,52 l.64
2486 3.0% 3,31
6445 Ha90 1,32

12,52 13,24 14,03
23.17 24032 250“3
30612 3026 30,33
30.%2 30452 30,572
FIRING NOos 3

e 68 o 76 o 74

1.’41 14047 l.‘;()
2eB8B 3,08 3,34
6446 6,85 7,36

1267 13444 14,724
2357 2447) 25.79
30,19 3C.28 30,35
304950 30.%2 30,4k
FIRING NU, 4

1O o 77 dRP

1s40 1448 1,60
2483 3,05 3,27
().30 (5075 7.10

12429 12:00 13,77
226185 244,02 25417
‘Oolb ‘!\)o?’ 30.?/4
30454 304,54 30,51
FIRING NOo S

« B4 87 el

leb0 1e67 1,76
’.0" ‘o’}l 3.(3()
6 11 7,20 Te6:49

17489 13462 14,40
Tied s a6l 25,64
Pl 29487 29494
30409 30420 20,0y
FIRING NO, &

o 70 o713 R
1437 l o488 1.5
Potd 1402 J479
hol hedu 129

1298 13433 14,1
Plehtt Jhath 25, Tx
1000 3043N AW,0q
30,61 3061 10,61

177

.88
1,66
3,50
7.68

i4,73
26,22
30,13
30.26

«89
1.70
3,57
7.61

14,88
26,44
30,39
30,52

.86
1,69
3,59
1.83

15,09
26,17
30,39
30,53

.89
1.68
3.53
7.64

la.,62
26,22
30,40
30.54

1,01
1,90
3.86
Beluw
1,23
2H,HH4
23,98
30,09

.83
1.65
3.54%
1,79

T ,94
PPN A
30,49
30,60

90
1e76
3.82
8.19

15,60
27.12
30617
30.26

«93
1.85
3.86%
B«26

15,74
27.33
30.42
30.51

89
1.79
3.88
B435

16.01
27460
30,43
30,52

«92
1.80
3085
Bo.la

15,47
27.16
30.44
30453

1.04
2.00
4.10
H.66
l16a13
2Te37
30.0¢
30,09

‘91
1.79
3.81
Bel7

15.8b6
2Te65
1092
30.61

.98
1.91
4,11
B.68

16,51
27.85
30.19
30.26

1.02
1.95
4019
8.79
16,67
28404
30.45
30.51

293
1.93
4,22

16,96
28,30
30,46
30.52

1.00
1.54
(0.12
Bs63
160«37
2795
30.46
3054

1.10
?.14
9.14
17.04
2H.02
3Jv.03
30.049

oI
1.85
Gol3
BeB1

16,85
2He26
30409
0.0l
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AUTOCAP LOT Te RAD FIRING NO, 1
1023 1.2“ 1.33 1033 l.“" lobb lae"! 107? 1«79 loB\J’ ?no-?
2el? 2420 2.4l 2455 2,76 2,93 3,13 3,39 3,59 3,83 4,04
4028 4454 4TS5 4492 5,30 5,57 5.89 6,17 6H.,47 6,83 7T.13
TetT TeBS5 819 8,59 8,97 9,37 9,82 10,23 10,72 11447 11466
12620 12672 13428 1388 14,48 15,13 15,79 16448 17,21 17,96 18,75
1959 2045 21+35 22426 22218 24,10 24498 25,70 26,41 26499 27,46
2785 28415 LBa.40 28,60 28.;7‘“ 28,84 284923 28.“)& 29.02 29,04 29.05
29406 2907 29408 2907 29,07 294008 29,07 29,07 29,07 29,07 29,006
AUTOCAP LOT Te RAD FIRING NO, 2
12246 1429 1439 1443 1553 1e¢58 1,66 1,77 185 1.97 2.05
2415 2430 2441 2459 2,77 2,95 3,16 3.35 3.55 3.79 4.00
4628 Go50 475 5,01 9527 5653 S5e895 6415 6,67 6,73 T.09
Ted6 Te79 Hald 8,55 2493 9,35 9475 10.19 10.66 11,13 11,62
12615 12¢A7 13425 13,81 14,43 159,07 1574 16,45 17,17 17,94 18,77
1955 20048 214l 22234 23,33 24,27 25.17 26001 26.71 27.31 27.82
28423 28,56 28,81 29,01 29,18 29,29 29:37 29442 25,46 29,48 29,50
29¢5) 29452 29451 29652 29451 29251 29452 29,52 29.51 29,50 29.50
AUTOCAP LOT Te RAD FIRING NO, 3
1ol 1el8 1428 1,33 1440 1,50 150 1a68 1,76 1,83 1,97
2e06 2421 2232 248 2,68 2,85 3,04 3,28 3,47 3,71 3.51
Qelb Gota2 4,64 Go%3 5017 50‘0‘0 576 6013 6'33 6.67 6.57
Te3G To6T B.02 8,642 8,78 9,19 9.64 10,05 10,52 10,96 11.47
12400 12452 13,10 13.566 14,28 14,94 15.59 16,30 17.04 17,79 18,60
13045 20.33 20426 272.20 23418 24:16 2504 2Dt 26,58 27,19 27.69
28410 28443 28,69 2890 27608 #9211 29e25 27,30 29,34 29.36 29,37
2938 29439 29,40 29440 29,40 25460 29440 29,39 29,39 £9.3% 29,39
AUTOCAP LOT T RAD FIRNING NO. «
1468 1sl6 1,20 1630 1,34 1leal 1253 1460 1,7} 1.82 1.86
203 2213 262H% 2643 2,98 2,79 2407 3,18 3,44 3,53 3,8%
Gel? 4,33 4,60 4,85 5.1l 5.4l D.6B 0,00 6,32 6.04 6,98
7.31 7&68 8.06 8.‘4’3 5084 9023 9.0\‘) 10.13 10.58 11008 11060
12611 12467 13.24 13484 146,48 15412 15481 16,52 17,26 18.N5 18.85
19.71 206.A1 2Lha32 22,48 23,44 24438 25,27 26,07 26,77 27.3u 27.81
28419 ZB09 2E.,T13 28492 29404 2%el4 29427 29,28 29,30 79.79 29.31
29033 25,33 934 29434 29433 9434 29434 29,33 29,34 29.33 23,31}
AUTOCAY 10T Te RAD FIRING NO. S
1e30 1e39 1.45% 1,50 1460 1465 1,73 1,86 1,97 2.0% 2,16
2:25 Lot 2447 2405 2.87 304 2.27 344 3,66 3.91 4.1l
4438 G.62 4,85 B,14 5,39 5,87 6,98 6.2% 6,61 6.8¢ 7,21
TeS58 Te93 Bed9 Hat9 307 950 9,88 10,32 10,82 11.27 11.76
12,30 12483 1342 13498 14460 19428 15,93 le,65 17,37 18,15 18,99
19,82 20,71 21,66 22,50 23 .55 24,u8 25,35 26,14 26,81 27.37 27.%4
2822 28,52 28,71 28,92 29.06 29,17 29,24 29,28 29,31 29.32 29,34
2934 29,15 29435 29.35 29,35 £9435 29,35 29,34 29,34 29,34 29,33
AUTOCAP LLOY Te RAD FIRING NQOo 6
1ell 1413 1el8 128 1632 1460 1,51 1,57 (,68 171 1.84
L1eG7 2406 2420 2:38 24462 259 274 2,91 3,14 3.34 3,58
3.80 L4002 4el29 44,53 4479 5.09 5635 Sob('.\ 5.95 6,27 6ab54%
695 Te3l 74,96 Bo04 B.47 8483 S¢24 9,71 10,15 10,63 11,10
1161 12517 12.7) 13432 13:94 14,55 15,22 15,91 16.64 17.42 18,21
19,07 19694 2086 21484 22,81 23,81 24,77 25.67 26,47 2716 21474
28el1 28458 28.88 29.11 2929 29447 2951 29.%H 29,60 29:64 29,67
2968 29,69 29069 29,067 29:72 297 29,70 29:.70 2%.7) 29469 29.59
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AUTOCAP 1LOT Ue RAD FIRING NJg 1
198 2,09 2al9 2,28 2443 2495 2,72 2,92 3,08 3,29 3.u8
Beb6B 3,91 4el0 431 456 4,77 5403 5,20 S.47 5,75 5.97
Ge24 6,50 6.76 T,06 7,32 T.63 7.92 BolR B,50 B8.80 9.13
Sea7 94RO 1015 10494 R0a91 11,31 11,71 12,17 12,58 13.01 13.50
13)98 1‘00“? 35502 15.56 16013 }.C‘ebf’ 1703‘0 18|08 18170 igv“l 20\15
20091 21.70 22452 23430 2007 2477 25,80 25,96 6,43 26,84 27,15
274“0 2706[) 27.81 27»9() ZH'UQ 95@1& 23.?5 4?80?';‘ 36.31 ?80\55 33.30
2Be36 28,37 28,37 PRG3T 23,37 23.37 28,27 28,30 28,36 28,35 2R.3%
AUTOCAP LOT Un RAD FIRING NO, 2
2e13 2,17 2430 2¢37 2,48 264 2275 2,99 3,06 3.22 3094
3060 30"10 “,0"‘ hOZ-'-o 10;“)6 ‘.Q?Z l‘wg“ 5;?‘&) 5..“2 th? 5.96
6619 6,48 6673 6,99 7,30 7,58 7.87 B8B,16 2,46 8,80 9,11
Geah 9480 10413 10,49 10,89 1127 11,60 12,07 lz.ol 12.98 213.44
1398 14,04 14,96 15453 16,08 164 8 17437 17,96 18,65 19,35 20,09
2087 2165 22445 23,28 24,07 24e84 25,52 26,13 26,65 27410 27447
2778 28404 28,25 28,42 28,495 23469 2873 »8,78 23,82 23.84 28.86
28487 28,88 28.8H 28,85 28,48 28.89 28,88 28,85 28,87 28,87 28,87
AUTOCAP LOT Ue RID FIRING NOo
1691 2.01 2408 2,18 2,33 2e42 2.5~ 7.7% 2,88 3,08 3.2
30“8 3.72 3090 4.1“ “037 4.57 a\\R? 590’6 "),BH 5.:’6 5.
He0B D432 6658 6488 Told Tedl 7472 5400 8,32 8.61 B.92
Q.28 960 9,96 10631 1068 11619 11.48 11451 12,35 i2.78 1326
13072 14423 14,77 15,30 15,87 10447 17432 T7.7% 18,41 19,19 19,86
20,6% 21letl 22422 23,04 23,85 24461 25432 25,99 26,456 25.9% 27.33
STeh2 21,91 28413 28431 28,44 28455 2B.63 28,68 28.72 28,74 2B.76
28476 2878 28,78 28,78 28,76 28,78 28,78 28,78 23,78 28,77 28,76
AUTOCAY LOT Ue RAD FIRING NO,. 4
V-84 1492 2:09 2409 2422 2¢32 2045 2463 2,77 2.98 3.15
3433 386 3475 3,94 44,20 4,40 4.65 4,87 5,10 5,37 5,59
SeB3 6412 635 €466 6,91 Tel8 7,49 T,76 8,08 8,37 8,68
9402 9436 9,68 10,06 10:41 10,81 11.20 11,60 12,04 1246 12,92
1337 13uR8B 14,42 1493 15,49 16,09 16468 (732 17,97 18.66 19,356
2701 20490 21472 22e54 23,37 24,17 26,94 25,65 26,26 26,77 27.21
2758 27.90 2B.le 28,34 234,51 28463 28,73 28,80 28,85 28,856 25,90
28492 28.93 28,92 284,93 28,94 28,94 24,90 28,94 23,94 28,93 24,93
AUTOCAP LOY Ue RAD FIRING MO, S
1097 a.()l 2010 2023 2033 20‘.‘5 8.63 2:77 2*97 3013 3033
356 274 3497 4416 4.38 4463 4,84 5,07 5,34 S.97 5.8¢
6607 6,32 6,62 6486 T.1S To49 T7.72 8,04 8,32 8.62 8,97
9027 D66 10,00 10436 210,76 11als 1154 11498 12,41 12.87 13.33
1382 1435 14,86 15,43 16,01 16,58 17,22 17.86 18,53 19,25 19.98
2076 21453 22,33 23:15 23,93 24466 25,34 25,92 26,42 26.85 27.20
2Te50 27474 27494 28,10 28,23 28433 28440 28,44 28,45 28,49 28,52
28455 28,55 2B.5¢ 28,54 28,54 28,53 28,53 28,54 28,53 78,53 28,93
AUTOCAP LOT U RAD FIKING NOo 6
1aB87 1496 2,05 2616 2624 2:35 250 2465 2478 2:97 3413
3036 3482 373 3497 4,17 4,43 4,64 4,83 5,15 5,39 5,63
591 6,18 f)o“? 672 6,99 7.10 7'57 I‘Eh 8,20 Bet7 B.81
Gel? 946 9483 1017 1056 10,43 1133 511476 12,47 1261 13.09
1296 14,09 16,58 15,13 15,70 16428 16,89 17,57 18,16 1R.91 19,64
20640 21:21 22402 P2eB7T 23465 24,50 25.26 25¢94 26,53 27.04 27,46
2782 28411 28.32 283,54 28,069 23,62 28,91 28,97 29,07 29.04 29,06
2908 2909 29,10 29,10 29,09 29,09 272,09 29:.08 29,09 29.09 79,08
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AUTOCAR LOY Ve WAD FIkING NO, 1

38 s} Y o7 «53 % BT o3 66 «69 o 16

073 oy"-l tql 094 anS 1;.[0 1017 102H 1.3‘6 1,;“(" ),‘JJ
L1e63  1a78 1,88 2,03 2elb 2,29 2449 2a65 2,86 3,13 3.39
3eT3 L4003 4,38 4a77 Sol3 S5e54 6401 6,43 6,32 T438 7,89
Betb 9,00 9,63 10,22 10,88 11460 12,31 13,09 13,95 14.80 15,76
1675 17,31 1896 20415 2ledl 22072 24,06 25431 26,37 27.25 £7.96
2950 28,92 29,21 29443 29,59 29,68 29,76 29,79 29,82 29,84 29,45
295,86 294RE 29,87 Z9.88 29,88 29,89 29,89 29,90 29.90 29.89 29,489

AUTOCAP LOY Ve RAD FIRING NO, 2
03'/‘ 019 039 @L“j 0“5 Q‘Q—, 0‘34 .55‘5 .SR 0’35 nb()
.t o 77 o B7 e 90 #93 1400 1410 1415 1.6 1.32 1,41

Leb5  1eb3 1,77 1287 2601 2617 2424 2447 2.71 2686 3,20
3050  3af1 4418 4o53 493 5033 Sa73 6,16 64,04 T.l2 V.86
Bl B.76 9,33 994 10,62 11432 12403 12,R7 13,65 14,54 15,47
16eteh 1755 184,67 1990 21o17 22451 2389 20418 26,34 727,36 28,11
28e7TY 29417 29491 29476 29493 30,04 30,12 30,19 30.19 30.21 30.23
30625 3026 30,27 30,27 30.28 30429 30628 30,28 30,28 30.28 30.28
AUTQCAY LLOT Ve RAD FIRING NU, 3
o‘:vJ P g£73 0“7 5149 obb .56 .‘;Q .b() 968 .?(')
« 78 + R e 30 e 93 s99 1409 1413 1,24 1,30 1.38 1.51%
1.5“ lu"lB 10’1(* 109‘* d.lO 20(}2 P037 2.':‘7 8.73 2996 jolg
30"*7 3«“2 “015 ‘4‘051 4093 5.32 l'1080 6.?J h:?O 7,&5 7.75
Aol B.A9 9,50 10415 10.79 11450 12427 13.04 13.89 14,76 15.71
106672 17,78 183,91 20613 21238 224,70 24401 25425 26,35 27.25 27.99
2354 28497 29429 29253 29468 29,79 29486 29,91 29,94 29.96 29,98
29:99 29,99 30,01 30,02 30.03 30,05 30404 30,04 30,05 30,03 30.03
AUTOCAP LOT Vs KAD FIRING NO, 4
el? oltl 045 « 49 Y. ¢Ho 256 256 « 66 «67 « 71
e 19 el » 89 et 48 1.0¢6 le12 1,73 1.29 1.37 1.49
1497 1e6T  1aHM3 1,93 2410 2623 2439 2661 2.81 3.06 3,39
F3eb9  GeDd 4,37 ae74 Sa15 5,54 5,99 6,472 6,87 T.15 T.89
AadS  Wef0 G463 10428 0495 11476 17445 13:27 14,07 14,98 15.%3
1797 18406 19.23 2068 21478 23:15 24649 254,73 26,80 27.66 28435
CRaBT 29,27 29496 29,77 29,91 29.99 30405 30,09 30,11 0.1 A0.14
30614 30415 30,16 30,17 30418 30417 3Uslts 30,18 30,17 20417 30.16
AUTOCAI LOT Va RAD FIRING NO, 5
0,00 (VY] U900 206 « 87 05}3 «e56 057 03 «H4 o 71
72 « 17 B4 87 ¢ 95 e99 1606 Ls17 1,22 1.30 1,44
ey latD  1aTS  1aBT 2606 2418 2635 2,55 2.75 3.02 3.23
J3eBY9 3,95 @428 G468 5,04 S48 H.89 6,32 6,79 T.32 T.8%
Bed7 BaGl 9450 10416 1080 1laok 172428 13,06 13.92 14480 15,74
1678 17eHE 1903 20625 21456 2292 24029 29,58 26,72 27.6% 28,219
CRe9T 9438 29,72 29,95 30,08 30,2V 30430 320,31 30,31 30435 30.3%
30637 304738 30,38 30639 30440 30,40 3041 20,41 30.41 30.41 30.41
AUTOCAP LOT Ve RAD FIRING NO.
000 0.20 0,00 d.00 wu,00 2,07 «87 eHG 57 62 « 67
«6H o 75 17 «83 «91 256 1406 1,11 1.20 1432 1,49
LS50 1em3 175 191 2402 2410 7Pe35 20955 2,77 2,98 3,79
eS8 3aHY G424 44,63 Se00 Set3 “.83 6,28 6.7 Teln TJ1T
Ba32 Bed7T 98 10,08 1073 11645 172.16 12,97 13,79 1l4.66 15,62
1661 1768 18,84 20,04 21436 22468 26,00 25,96 26,.5¢ 27,57 26,29
FRaYO 29,34 29,67 29,970 3010 3029 30627 3V .32 30.35 30.38 10,40
0 et 30,02 I0.a7 30,47 304493 30494 30444 30,43 30,44 3049« 30,43
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AUTOCAH LOT We HAD FIRING NO,.
a9 56 57 abd 69 o7} o 79 AP BT «96 1,01
Lell 1a18 1423 1435 le%l 1650 164 172 1,86 1,96 2,08
2e25 2437 2.57 2472 2491 3437 3ol 3470 4,046 4,33 4,69
5200 Se36 5,7R 6413 693 6,97 T7.38 7,85 8,29 B8.75 9,28
977 1033 10LHBT Tlead 12,10 12,75 13442 14418 14,94 15,77 16,62
17694 18,52 19454 20664 21679 22,36 24412 25,20 26,15 26.95 27.61
2R.I3 2R %54 20,86 294,10 29¢28R 29,40 29,46 29,54 29,58 29,51 29.64
29e03 2Y.RE 29,59 29,04 29466 29,60 23.6T7 29,47 29,07 29467 29,66
AUTOCAP LOT Wa AD FIRING NOe 2
«61 o1l «63 AV 12 « 78 81 e RS +93 «97 1,02
1.1z Lol 1.27 1,33 160 1e5¢ 1,62 1,72 1.86 1.56 2e.12
2023 2.16 8055 ?ahg (_’.\12 3.10 3033 306‘# 3.92 "6.23 ‘0.58
4092 5431 5,67 6.0h 6BHBL 6,50 7435 T.Ba 8,28 B.79 9,27
eTT7 10436 L1U,96 11652 12,13 12,79 13,51 14,24 15,02 15.87 16,74
17669 18.h6 19,70 20482 21,97 23415 24431 25439 26,32 27.10 27.74
CHa23 28,F06 28,96 29,19 29,35 29447 27.55 29,68 29,64 29,66 29,67
29eA9 25,70 29.70 29,71 23,72 29,72 29472 29,72 29,72 29.7¢ 29.71
RUTOCAP LOT Wa KAD FIKING NOo 3
« 716 s 10 B2 X873 87 « 94 37 1,05 1,12 1l.1l4 1,23
l+28 1.'15 1.6 152 Leb b 171 1.81 IQQS 2.0‘0 Zel6 2.33
(:O‘O‘O 2."-2 ,?07”6 2.92 501(3 3033 1.65 3¢Q? 4,2‘# lﬁ.bl} 4.92
5627 S8 6,04 0,47 6487 To3U0 T477 8,21 8,67 9,19 9,69
10624 10477 11436 11,98 12,61 13,30 14,00 14,75 15,56 16,38 17.28
18226 19,72 20,29 21440 2724549 7?3470 2480 25,79 26,63 27,32 27.92
2835 28,69 28,59 29,17 29430 79,40 2944 29,50 29.54 29,56 29,57
29659 29,59 29,60 29461 294652 29461 29462 29,62 29.61 29.61 29,62
AUTOCAR LOT W RAD FIRING N0, 4
65 Bl o TV 71 75 W B3 «B85 «93 «?9 1,02 1.1l
1ol 1ol 1a31 137 ledd 14596 1,65 1,79 1,88 2,90 2,15
2ec? 2.&‘0 2.58 2’75 2e98 3.18 3.146 3073 ‘0.03 QOJB 4.71
5406 S,ab 5,81 6424 H.69  T405 T,51 Te9% 8,39 8.9u 9,38
Ge92 10464 1101 11463 12426 12493 13,62 14,35 15,15 15,97 16.8%
17679 18,76 1981 20489 22,03 23419 24431 25435 26,26 26,98 27.59
2Re(6 2&.“" 2‘307(} 78,95 unl:j 29.23 27630 29:35 29.37 29.‘90 29.“2
29043 29,44 29,52 29,47 29446 29,46 23,47 29,41 29,46 29,47 29,46
AUTOZ AP LOT We HAD FIRING NO, S
65 o PG 67 e 73 o714 « 80 «R3 o RE e 94 9T L.02
Ledl 1415 1426 130 1438 150 1.96 1.6 1,80 1.89 2,04
2ela 2,20 2440 2.60 2682 3400 3,23 3.0t 3,83 44,13 4,50
G aB?2 DeP2 9Dadb 5,95 6,3% 6,80 7.24 1.7 3,16 8,65 9,13
Gabde 1067l 104TA 11636 11697 12¢53 13435 14407 14,85 15,68 16,54
1767 JBoaab 19,49 20,60 Cle?D 22,92 24,12 2526 26,27 2Te1l 2774
2R3 28,77 29,11 28436 29459 29,68 21,76 29,32 22,86 29,84 29,90
a2 29497 29,93 29,94 £9.99 29,99 29,35 29,95 29,95 29,95 29,95
AuTOCAr LOT ®. FAD FIRING NO, 6
-L;R ..."',‘ 059 c"'if:? "‘)7 07“ n7b oPAU .89 0912 097
1.07 o0 L.21 1e26 1434 1,46 1,52 1466 1,76 187 2,03
Peld 2429 ZeuB 2a62 2eH4 Je02 N6 3R 3,85 4,21 4.55
4eRB  Derh 9,063 H,01 6.45 6,85 T,30 7,73 8,2v BT Q.20
YaT2 10429 10,85 1144%R 12,09 1275 13,47 14,20 15,01 15.85 16,72
17467 1H65 1973 20.,R7 22:00 23420 29437 25,47 26,43 27.23 27.87
CR4BA £2ALT8 293,09 29432 29449 29,60 29,69 29473 22.7 29,50 29,142
PYeMZ 29483 29486 25,85 29,89 29,85 29,86 29.06 23,86 29486 £9.8Y%
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AUTOCAP LOT LLe HKAD FIRING NOo. 1
1e45 17223 1426 1633 1e42 1lea7 1,57 1462 1,70 1.B0 1,87
199 2,07 2615 2426 2434 2443 2456 2,65 2,79 2.98 3,07
3620 3437 3498 3482 4,03 4,30 4455 4,H3 5,15 S.44 5,75
Gell 6446 6,86 74246 7464 B410 8,53 3,01 9,49 9,97 10,5¢C
11604 1160 1221 12481 13,47 14613 14,83 15,61 16,39 17.22 18,12
1903 20403 21404 22.07 23410 24405 24490 29461 26,20 26,69 27,06
2737 27461 27,78 27,92 283,00 28,07 28,11 28,14 23,17 28.18 28,20
28e2) 28471 28,22 28,22 28.23 28.2¢ 284722 28,23 28,22 ?28B.26 28,23
AUTOCAP LOT Lie KAD FIRING NOg 2
«98 a89 1405 1414 1417 1425 1635 1446 1,51 1457 1465
176 1eB3 192 2406 2413 226 2435 2446 2,63 2.75 2.594
36090 328 3,52 3472 3,96 4423 4448 4,78 5.05 5,35 5,70
60l 6439 6,77 7413 756 7,96 B39 8,86 9,31 9.8 10.30
10684 11441 11497 1257 13423 13,89 14,61 15,37 16,14 16,99 17.87
18682 19.80 20483 21.90 22497 23495 2484 25,60 26,22 26,73 27413
27645 27070 27487 28,01 28.10 28416 23,20 28,22 28,24 28.25 28.26
28427 28427 28427 28428 28428 28¢28 28428 28,28 28,27 28.27 28.27
AUTOCAP LOT Lie RKAD FIRING NO, 3
298 1402 11l 1415 1421 1431 1e36 1,47 1,52 160 1,71
1678 1,86 1.98 205 2418 2026 2637 2,51 2,62 2.78 2,91
3408 3630 349 3,70 395 G418 44,45 4,71 4,99 5,31 5,61
Se97 6432 6,64 T,05 7,42 T86 8429 8,73 9,20 9.65 10,18
1070 11622 11,79 12439 13,00 13,67 14434 15.08 15,85 16,64 17,51
18639 19,35 20436 21437 22,42 23444 244364 25,15 25,81 26,36 26,80
2Tal8 27662 21,64 27479 27,90 27.96 23:.061 28,05 28,06 28,08 28,09
28e1) 28412 28,12 2Hu11 23,11 284,09 28,10 28,11 28,11 28,11 28.10
AUTOCAP LOT LLe KAD FIRING NO, 4
1e0B 1410 1418 1.22 128 1438 1443 1,54 1 59 1.66 1,78
1eB4 1492 2.05 2011 2423 2430 2,40 2453 2.62 2,77 2,86
2639 3221 3434 3452 377 3498 425 4450 4,77 5.10 5.38
5260 608 6,40 6480 Ta18 Te58 8405 8,47 8,94 9.41 9,91
1045 10497 12453 12414 12474 13440 164,06 14477 15,54 16,33 17,17
1307 18499 19,99 21402 22407 23013 24411 24,99 25,75 26436 26,85
2728 2755 27475 27496 28,08 28,16 28422 28,25 20.2T7 28.29 28.30
28631 28431 28431 28431 23.3]1 28,31 28,31 28,31 23,30 28,30 28,29
AUTOCAP LOT Lie RAD FIRING NO, S
«B6 «93 «98 1406 109 1419 1427 1431 1,38 1447 1,54
Le65 1e71 1680 1493 2400 2213 2¢21 24632 2,47 2657 2469
2¢87 3400 3.21 3440 3.61 388 4411 4,36 4,65 4,92 5.24
S+54 SeRB 6426 6461 To0l 7439 TeB2 8,26 8,72 9.18 9,68
10619 1073 11427 11486 12.47 13411 13480 14,50 15,24 16405 16,87
1776 18,72 19.69 20,75 21.84 22:92 23499 29,95 25,74 26,45 27,01
27645 27479 28,05 28425 28.37 28447 28453 28,57 28,59 28.60 28.62
28462 28463 28.64 28,63 28.63 28,63 28,63 28,62 28,62 28,61 28,61
AUTOCAK LOY LLe. RKAD FIRING NO, 6
94  1a01 1404 1,08 1418 1423 1429 1,39 1.44 1,54 1,59
1.67 le78 1.85 1.97 2407 2414 2426 2434 2445 2460 2.71
2087 3000 3.17 3.‘00 3.59 3.85 “.09 4.“3 10.61 “.87 5.:16
.51 5431 6418 6453 6,89 7432 7,73 8415 8,62 9,07 9,57
10686 10,60 Eleld6 11471 12433 12497 13462 14,33 15,05 15.82 16.67
2754 18,46 1944 20048 21456 22464 23472 4472 25,57 26431 26.90
2Ta36 2T473 28,01 28.22 28,38 28448 28,54 28,5R 28,61 PB.63 28,64
28665 284,65 28,66 28B.66 284,66 2B466 2B,66 2B.65 23,65 28,65 28,65
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REFERENCE 68308 FOK LOTS (J~K={ ), RAN FIRING NO. 1
e85 o HS « 93 96 1,01 léd) 1415 1,71 1,32 Ll.36 1.47
1053 loﬁ.‘. 1.7? 1.“0 1.92 ;‘).UO Rol“ 2.2") 2.36 2950 2.6
SeBT 3411 3,32 3456 3,83 407 4434 byebh 4,92 5,24 H.54
Se87 6?5 605() 6e99 7-38 7.79 RQRE) g.f‘)" 9.15 9.67 10%1"‘
10673 11428 11e8R 12.53 13.416 1384 14459 15,34 16,16 16,98 17,87
18482 19,80 20480 2147 22693 23094 24484 25,67 26,26 26417 27418
2Te52 2778 27.99 28,13 Pd.24 28432 28,37 20,4)1 28,43 28,46 28.48
CHeH9 2HGE1 28,51 2857 2R.93 28,53 28,53 28,54 28,53 28,54 2R,.,53
REFERENCE 68308 FOK LOTS {(JU=K=|.), RAD FTIKRING NO, 2
086 .‘32 095 .()Q 1.08 lvld 1017 10?6 1.30 10‘00 10‘05
1654 1eR4 1470 14B3 1489 1499 2412 2621 2,34 2451 2.66
2e83 3,03 3424 3450 3.T73 3498 4427 4,52 4.82 S.09 5,39
SeT3 6404 6442 06,78 7,16 ToST 7,97 8,41 Be90 9,35 9,86
10637 10493 1153 12,11 12474 13403 14413 14,88 15,64 16,45 17,33
18¢23 19422 20420 21426 2236 23442 24448 25,41 26,19 26,86 27.40
2T7e8) 28413 28437 28,56 2869 2d.76 23.82 283.86 28,88 28,90 2R.90
28490 28,381 28.91 28492 28,92 28.91 28.91 28,91 28,91 28.60 28.99
REFERENCE 68308 FOR LOTS (J=KR=L_), RAD FIRING NO. 3
1002 1108 l.ll 1018 1.21 1-27 1036 1040 10‘49 1.52 ]obo
a1 1e76 1,85 1497 2.03 2416 2425 2,34 2,47 ST 270
2eB7 3.¢2 3.22 Jeu33 3,65 3.93 Ga1h 446 4,71 4499 S.32
Se63 S.G7 6434 6,69 Tell Tetd 7489 8,34 B,78 9.28 9,76
10425 104R0 11635 11093 12.56 13:19 1389 14449 15,34 1614 16,96
1783 18477 19,74 20,78 21485 22494 24401 25,01 25.88 26,62 27,273
27+70 284,08 28,37 28459 28.75 28,86 28.93 58,98 29,00 279,03 29.04
29405 29407 29407 2908 29,08 29,07 29,07 29,06 29,06 29.06 29.06
REFERENCE 68308 FOrR LOTS (J=K=L) s RAD FIRIMNG NO. 4
¢33 1,00 1,02 107 1615 1019 129 1433 1,39 1449 1.54
1665 1470 178 1491 1498 2,07 2421 2429 2,43 2.53 2.67
Ce86 3402 320 3eaT 36T 3494 4415 4443 4,73 5H.01 5,33
Se62 5,95 6,32 666 Te04 TetdS T.85 8,30 8,73 Y419 9,70
10420 10473 11431 11488 12451 13415 13483 14,58 15,32 16413 16,96
1785 18.81 1980 20,85 21492 234,00 24,07 25,04 25,88 26,59 27,17
C7e56 2799 28.28 284,51 284,67 23,78 28.85 28,91 28,54 28.97 28.99
2Re993 29,01 29.02 29403 29404 29,04 2905 29,04 29,04 29.04 29,05
REFERENCE 683083 FOR LOTS (Je=Ke-l) o RAD FIRING NO. 5
92 «OR 1,00 1,05 1413 1.l 1.24 1.2) 1e34 lebd4a 1.49
1656 167 1473 1484 1492 2401 2614 2,23 2,33 2448 2459
2a76 290 3.09 3434 3,55 3483 4406 4,33 4,64 4,90 S,20
5654 5,86 6,24 657 6,94 T439 T.79 8,22 8,71 9.17 9,69
10619 10473 11432 1190 12456 13,20 13.88 14463 15,37 16418 17,04
17692 16,87 19.84 20,89 21.99 23,08 24.17 25416 26,02 264,75 27.3%
27482 28,18 28.47 28,68 28.83 28493 29.00 29:.04 29,07 29.08 29,09
2910 29410 29,12 29412 29,12 29,12 29412 29,11 29,11 29.11 29,11
REFERENCE 68308 FOR LOTS (J~K-L}). RAD FIRING WO, 6
291 «97 100 1405 1ek3 1416 1625 1429 1,36 1le46 1.5
1e61 1467 1475 1488 1495 2,04 2418 2425 2.40 2,50 2.
2eB3 2498 323 342 3.66 3495 44,23 4.47 4,78 S.,05 S5,
5669 603 6,42 6477 Tel5 758 8,00 8,47 8,90 9Y9.38 9,9
13642 10499 11455 12415 12681 13446 14416 14,92 15.68 16,51 17,36
18427 1924 29,24 21429 22437 23444 24445 295,37 26,14 26,78 27.30
27eT) 28407 28.26 28444 28457 28,66 284,72 28475 28,78 28.80 28,81
2B.B] 2B.83 28.83 28,84 28,84 28,84 28,84 28,84 28,84 28.86 24,83
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REFERENCE 68309 FOR LOYS (JL-JKL}, RAD FIRING NO, 1
oﬂ‘b .HE .85 .914 096 I)Ob 1.09 l.l"& 1.25 1.?9 1036
147 14583 1e64 1469 1478 191 1499 2,11 2.22 2.34 2,50
265  2¢R3 3,06 3427 3453 3476 4,02 4431 4,57 4,86 S.16
Se50 5¢R5 6418 6,54 6095 Te33 T4T77 8418 8,63 9.1l 9,59

10411 1Co68 11426 1leBé 12445 134110 13482 149,54 15,30 16411 16.95
1783 18480 19,79 20,86 21490 22698 244,01 20,95 25,76 2643 26499
27062 27277 28,05 28425 28441 28452 23459 ;8,465 23,69 28,71 28.74
CBeTE 28477 28478 28,78 28,79 28,80 28476 28,80 23,80 28.80 28.80

REFERENCE 38308 FOR LUTS (JL-JKL) RAD FIRING NG, 2

87 0 O& «96 l1.04 1.07 1,12 le22 1,26 1.32 led2 1.47
1e57 1eA3 170 1482 1689 198 2,11 2,19 2,33 2+43 2.56
2276 2489 3,12 3432 356 384 4407 4,36 4.56 64,93 5,23
5495 5400 6,29 6,063 Te01l Tett T485 B30 8,74 921 9,75

10625 10,81 11,26 11496 12462 13620 13,96 14471 15,47 16,30 17.14
1409 19,02 20.02 21610 22¢21 23432 24440 25438 £26.22 26492 2748
2792 28426 28,53 284173 28,806 28496 29401 29,09 29.09 29.09 29,11
29008 29,11 29,13 29414 2913 29613 29.13 29,13 29,13 29.13 29.13

REFERENCE 68308 FOR LOTS (JL-JKL), RAND FIRING NO. 3

«92 «93 e96 1403 1:C7 1415 118 124 1,33 1.38 1.48
1656 1461 1472 178 1487 2400 2,083 2,21 2,31 2.42 2.59
2072 2489 3,12 3.32 3459 3a82 4606 4437 4.63 4.95 5.24
5695 5493 6,24 6439 TL00 7437 7,80 8,19 8,63 9.12 9,60

10ell L0eA7 11421 11482 12+43 13408 13479 14,50 15,28 16,07 16,91
1782 18476 19,76 20482 21,90 23401 24410 25414 26,05 26482 27.4%
2Te96 28,33 28,62 28,85 29,01 29412 29419 29.24 292,27 29.30 25.31
29432 29473 29433 29,34 29434 29435 29,35 29,35 29.36 29.34 29.3Y%

REFEREMCE 68308 FOR LOTS (JL-JKL), RAD FIRING NO», &

83 « 90 91 296 1,04 1407 1415 1418 1,25 1434 1440
1447 1498 1,64 1,75 1,83 1492 2,05 2,14 2,28 2.38 2,51
070 ?_.RQ 3.03 3.(2? 3.‘69 3076 3199 (0.2"-) ‘f.sb 4.83 5013
Se47 SaT7 6414 6,48 6,84 Ta26 Te64 8,10 8,52 8,98 9,49

10200 10492 11500 11466 12:28 12492 13459 14432 15,07 15487 16.71
1757 18451 19,48 20.51 21.60 22,70 23,80 24,83 25,74 26,53 27.16
2Te66 28.06 284,37 28,60 23,77 2888 28496 29:0]1 29,05 29.07 29.08
29409 29,10 29,11 29611 29414 29411 29,11 2%.11 29,10 29.11 25.10

REFERENCE 68308 FOR LOTS (JL-JKL), RAD FIRING NO. S

87 «9% 0«96 1,00 1409 1402 117 1e?26 1,31 1.37 1,44
1652 163 1469 1482 1488 1497 2411 2419 2,30 2.46 2.57
2676 2.91 3,06 34346 3,56 3485 4,11 4,35 4,65 4,91 5,22
SeS7T S.RY 6,27 6462 T.00 Te43 7484 8B,27 8,76 9.23 9.74

10625 10480 11439 11696 1264 13428 13498 14,76 15,31 1632 17,20
18010 19406 20,07 2113 22,23 23433 24439 254,37 26,18 26.87 27.42
2T e85 28,20 28,46 28465 283,79 28.89 23,96 29.00 22,02 29.05 29,06
2908 295,08 295,09 29410 29610 29410 29,10 29,10 29,11 29.10 29.10

REFERENCE 68308 FOR LOTS (JL-JUKL) . RaAn FIRING NO, 6

+90 «97 98 1403 1ell 1el4 1423 1626 1,31 1.4l 1.46
1653 1464 1469 1e81 1488 1497 2410 2418 2,32 2.42 2.56
2¢T3 2.90 3,10 3.36 3.58 385 4,0 4436 4,64 4,91 5,20
Se55 5,806 6423 64 A 98 THa36 Te75 8,20 8,62 9,09 9,60

Ifel) 10466 11423 1168 1 45 13.08 1377 14.50 15,25 16,04 16.89
1776 183470 19467 20465 2175 22482 2388 24,8 25,73 26444 27,03
27 e51 27489 284,19 28,61 23,958 28,70 28,77 28,83 28,86 28.89 28,92
28093 28,94 28,95 28,96 2.0 28496 28496 28.96 28,97 28.96 28,95
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KEFEREMNCE

99
1.65
3.01
5.97

10.76
1872
2728
28635

lu”"}
le77
Jal9
be10
11e32
19e69
27455
28416

REFERENCE

« 82
1e42
2eb2
5055

1034
1H+42
27466
2HBeb67

M2
14506
2”5
5.91

10419
19440
2T eub
28 hAY

KEFERCMNCE

«R8
1.51
Zebb
5640

10.10
17.89
27656
2HeTY

2 6
lafr
278
Yals

0 ehb
JR ¢
27 5
28419

Rt FERENCE

e RA
| el
2ebl
5631
Ye9R

17471
2T a7
caela

.G
1eht
2ol

100%5
18407
2T 12
cBol4a

REFERENCE

ot
lea]
2e51
Selds
9a.92
174813
2771
28« BB

«H5
l1.4a9
2ot
SeHY

10vav9
18,10
28405
2348

REFEREMNCE

096
157
Cal9
571

10438
18e1R
cTealt
el I I

47
.62
2449
b4

10.906
19413
c3e
2832

6l 30R
1.043
1.43
:3.‘01
6,68

11.93

27,76

2R W37

6830R
«89
1.61
J.00
6elb

11.48

2044

284,17

28,69

68308

«97
1,66
2.96
6,08

11.23

19,84

28416

28079

HB3R

+ 36
D9
Gl

il.10

12,06

25 .09

23475

64304

« 08
LebU
2etth
Sevl

11.05

19.82

28,40

28,89

6568308
1.00
70
3.23
el
i1.50

20413

&{?5.‘30

28,94

FOR LOTS (LL=-JUKLL) .

lel2
195
3,048
T.06
12.54
21.70
27493
2R 438
FOR
«G1
1.67
3427
bebh
12413
21.50
28,33
PR,70

FOO LOTS GLL-JUKLL)

101
fe7R
3,20
be45
11.83
20,838
28,36
23,80

1.21
2603
J.v1
Ted
13.20
2212
2804
273 .38

» 95
L.79
3e54
Te01

12,77
22459
28 .44
23,70

1.09
.84
3.4l
6e83
12447
21,96
23450
23.60

1.24
2613
44,18
Tao81
13,87
23.68
2RG13
23439

LOTS (LL-JKLL)

| IV
187
3,717
Tetrl
13445
23465
2da.52
28,71

lelc
1493
3,68
74625
13,13
23403
28460
23480

FOR LOTS(LL=-JKLL)

1,04
1.75
3,13
Ge J6
11468
20471
23630
23475
Fue
96
166
3.05
6 [ ] 2?8
11.68
20489
28469
PR HO

1,05
.81
3.36
e 78
12 34
21.78
PR R
25.16

O
|
—;.30
He69

12.30
21,69
23.62
23,89

| QRS
1,93
3.63
Telé
12,98
22480
28454
"84 79

LOTS (LL--UKLL),

1.00
1.87
3.5¢
7406
12,498
°3.11
28,839

FOR LOTS(LL=-JKLL),

1.07
1.82
3045
6475
12410
21.20
28,50
PR 94

1.‘0
1,89
1,69
Tel7
12.76
22
2H .63
234y 3

.15
2e01
3697
156
13440
23436
2814
Py a3

185

RAD FIRING NO, 1

1.33
7426
462
3ol

14,57

24,56

2R 420

23440

1437
2,135
4470
Be T4
15434
25,32
28,24
28,441

1e93
2465
S5.02 530
9,23 9.71
16,10 16493
25,97 2650
28,28 28.31
23,41 28.41

1,44
2,41

RAD FIRING NO, 2

1.08
1697
“e03
Te87
14,19

24,63
28457

2R ¢ 70

1,13
2,08
4,35
8.30
14,95
25,449
28,61
28,70

le27
2.31

1,23
2013
4,01 44,94
H,1€ 9,28
15,76 16.58
26,22 26.85
28,64 28.66
23,70 ?8.70

RAD FIRING NOL. 3

1.21

2605

e92
Tab?
13482
24408
23.67
273.80

RAN FIRING

1.19
201
3,86
Te56
12468
23,93
22460
2. 16

A

1.08
1.94
3,07
7450
13.71
2helY
28.76
28 B9

RAD FIWING

1.2“'
P a8
“082
7 e9Y
l4a11
2R HY
(:‘H.QQ

l.24
24,13
4,18
8.12
1‘(0.%6
2503
28471
28,82

1.723
2a10
4416
B,07
14,439
2400
28e65
28476

.14
27
7493
14eb44
216
28480
2854849

1.727
Cel s
4,51
8444
14483
2933
2 B
PR Q4%

1440
2e37

1.29
2.26
44,49 4,77
8,60 9,06
15.33 16413
25,86 ?26.56
23,73 28,176
23,80 28.8¢0
NO. &
1.31 1.35
2.24 233
4.41 4 .68
Balb 8.97
15,16 15.99
cH. T4 264,45
2B .69 28,70
23,76 24,76

FIRING NO. S

1.23
2.15
4,32 463
He38 H.od
15,23 16.04
26,02 26471
24,83 23,489
23,89 ¢28.88
NG, 6
1,40
2ot
4,78 S.07
B.88 9.4
15.60 16.42
26,14 26.80
cHLEBT 23,49
23,04 P8,.93

1.27

2el6

1.36
2.34

14204
219
Heb2
in.24
17.82
26.93
2B,32

2R %)

1,37
2a48
5.22
9717
17.48
27429
28.67
23,69

144
CelR
5.07
9,58
17000
21.12
2RI

2A,L80

Totl
7 et
Y,.,07
9,48
16.827
21,02
CB. T4
RH.TH

1. -
240
4,91
G, 39
16,90
21,21
2R, 87
FHRLEH

1e0 T
2e0
ek )
G877
17.28
27.346
2R .91
Cle93



REFERENCE 68308 FOR LOTS (M=N) o RAD FIRING NO, 1
84 o A5 «87 095 e97 1,05 1408 1el4 1,246 1.28 1,38
1e44 1651 1463 1,70 1479 1092 1499 2408 2,20 2,31 72,46
2057 2470 2689 3,04 3428 3448 372 4,01 4.26 4458 4.85
Sel5S 5¢50 5483 6,18 6657 6496 T¢36 778 8,23 B8.71 9,19
9069 10,24 k0,81 11442 12403 1266 13436 14,07 14,64 15.62 16445
17636 18425 19423 20426 21a33 27243 23452 2457 25,49 26.25 26.89
27640 27,79 28409 28434 28.51 28,63 28,71 28,76 28,80 28,82 28,84
28485 284,87 28,87 28,88 28.88 28,88 23.89 38,89 23,89 28,88 28,88
REFERENCE 68308 FOR LOTS (M=N) RAD FIRING NO, 2
«890 «83 «89 293 1601 1.03 109 1417 1,21 1427 1,37
1641 1451 1656 1663 1a74 18l 1090 2,03 2.10 2024 2,34
2048 2466 2482 3,05 3625 3049 376 4401 4,28 4,59 4,86
r 50619 5449 5.82 6,20 60654 6095 7435 Te76 8B.21 8.66 9,15
C2a67 10620 1077 11034 11694 12461 13627 13498 14,75 15.53 16,36
17623 18416 19:14 20418 21626 22235 23645 24451 25,45 26425 26,92
2Tedts 27485 28,17 28,40 28,58 28469 28,78 28,83 28,87 28.88 28,89
j 28491 28,62 28,92 28,93 28,93 28,62 28,93 28,92 28,92 28,92 28.91
‘ REFERENCE 68308 FOR LOTS (M=N) , RAn FIRING NO, 3
i 87 86 «B89 297 1400 1408 1,12 1417 1,27 1431 1.4l
1646 1454 1465 1,71 1e81 1,94 2401 2,15 2.23 234 2.49
: 2eb0 27T 2¢90 3408 3433 353 3,78 4,06 4e¢31 4461 4490
/ 5e21 SuST 5,88 6622 662 Te00 Tobd T485 8,30 B8.74 9,223
9677 1028 10.84 11444 12,03 1267 13437 14606 14,82 15.60 16.42
17433 18¢24 19422 20626 21633 22445 23456 24465 25,63 26.47 27.16
2772 28414 28,48 284,74 28,92 29405 2913 29419 29,22 29.24 29.26
29¢27 29.28 29428 29428 29,28 29627 29428 29,28 29,27 29.27 29.27
REFERENCE 58368 FOR LOTS (M=N) , RAD FIRING NO, 4
«B2 oH8 89 e94 1402 1409 1,10 1419 1.22 1.32 1.36
1042 1253 1,59 1,70 1476 1485 1,99 2,07 2.17 2.32 2,42
2¢59 2473 2491 315 3,36 3463 3,89 4414 4,44 4,69 4,97
530 Set66l 5699 6435 6,71 Tel2 750 7492 8,39 8,83 9,33
9483 1036 10,93 11650 12413 12677 13644 14417 14 91 15,70 16,55
1740 18433 19,31 20634 2lob4 22459 23,68 24,74 25,69 26.51 27.19
2773 28416 28448 28,73 28,91 29,04 29,13 29,18 29,22 29.23 29.25
2925 29426 29627 2927 29.27 29427 29428 29,27 29,26 29,26 29,26
REFERENCE 68308 FOR LOTS (M=N), RAD FIRING NO, 5
e 79 .79 «83 N-T)) 92 097 1605 1409 1.18 1.22 1.28
1639 le44 1,54 1463 1,69 1,81 1,88 1,98 2,12 2.22 2.37
209 2465 2487 3405 3,31 3,56 3,78 4,06 ¢.32 4.60 4,92
Se20 5455 5488 6423 6,62 6495 To37T T.82 8,25 8.73 9.20
970 10624 10479 11,38 2.01 12,65 13,34 14,04 14,79 15.600 16.43
1732 18425 19,24 20429 21436 22,48 23,61 24,66 25,62 26.43 27,09
27661 28,02 28433 28,57 28,74 28487 26094 28,99 29,02 29.05 29.06
[ 29.06 29,07 29.07 29,08 29,08 29,08 29,08 29,08 29.08 29,07 29.07
REFERENCE 68308 FOR LOTS (M=N) . RA~ FIRING NO, 6
! +85 »91 93 1,00 1402 1606 1415 1419 1,27 1431 1.37
2 1'47 1053 1.60 1.71 1078 1090 1.98 2.08 2.21 2&30 2.‘01
2'58 2.72 2.93 3.11 3.3" 3.61 3.84 4.13 4.38 4.66 4.97
Sc;:‘) 5.58 5.95 6029 6;69 7.08 70"9 709‘0 8.37 8086 9.37
F¢86 10441 10,97 11456 12421 12687 13457 14,28 15.05 15,88 16,73
1763 18660 19459 20665 21475 22494 24,00 25,00 25,91 26.63 27.24
27:72 28,08 28,36 28,57 28.72 28,82 28,88 28,92 28.95 28,96 28,98
28299 28.99 28,99 28,99 28,99 28.99 28.99 28,99 28,98 28.97 28,56
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(3

7 bl

s

PRSP WY

REFERENCE
100 1.04
167 1,78
2694 3,17
5093 6.27

10.82 11,37
1885 19482
28¢35 28.68
2956 29,57

REFERENCE

296 1402
1¢6S 1470
285 3.01
568 6,02

1049 11.06
1Ba0d 19443
2R.36 28,73
29469 29,70

REFERENCE

92 « 99
le61 le66
2487 3405
Se76 06410

1052 11010
18.62 19.63
28469 29.04
29689 2G.69

REFERENCE

«92 e Q9
157 1469
2¢87 3.04
573 6406

1045 11.01
1850 19,49
2B.68 29,06
2997 29.96

REFERENCE

e84 «51
153 1.58
2¢T3 2490
SeH4 5,88

10.22 10.78
1804 19,02
2852 28.93
30.03 30.03

REFERENCE

«90 9]
153 1.59
2.65 2,78
5625 562

10.05 10,61
17695 18489
28.51 28,9%
3001} 30.12

68308
1,11
1,85
3.37

6463 .

11.99
20.87
2B.94
29.58
68308
1.05
1.78
3.25
642
11,64
20,44
29.01
29,72
68308
1,00
157“
J.29
6ebd
11,68
20066
29.30
29,90
68308
1.00
1.75
3,22
6e03
11.62
20452
29434
29,97
68308
«93
1,66
J.11
bel4
11,35
20,01
29,28
30,04
68308
e 92
1.70
2496
597
11.18
13,990
29,28
30.13

FOR LOTS

lels
1.93
364
7.05
12.60
2191
29,13
29.56
FOr
1.12
1.90
3,45
6476
12.24
21 e50
29.22
£9.71

1,23
2406
3.86
Tett3
13.25
23400
29427
29,59

LOTS

le15
lew7
3.68
Tel7
12.91
22.62
2937
2971

FOR LOTS

1,09
le86
3.51
6.83
12431
21,77
29448
29.90

lel1
1,93
374
Te22
1 097
2. .90
29,63
29,90

FOR LOTS

1.05
le&7
3e4?
6679
12,22
21.03
29455
29,98

lala
1.93
3.70
Tel7
12,87
2276
29470
29,97

FOR LOTs

1,00
1.77
3.33
6.60
11954
21.09
29.51
30.04

1.03
1e85
3.55
6.98
12459
22.20
29,69
30.04

FOR LOTS

1.01
1.76
J.12
el
11.80
20.97
29+54%
30,14

1.04
1.85
3e32
675
12446
22408
29413
3014

(P-T), RAD FIRING NO, 1
1426 1431 1,41 1,45 eS2
2el8 2428 2,36 2.50 2¢66
4,11 4,8) 4,66 4,95 5,28
Te88 Be30 8,756 9,25 9.74
13.96 14,65 15,41 16,22 17.04
24405 25407 25,98 26,76 27.41
29037 29.43 29.48 29.51 29.53
294,58 26,58 29,58 29,58 29.58
(P=-T3, RAD FIRING NO. 2
1,20 1,29 1.34 1.39 1.50C
207 Pe20 2¢23 2,43 2.54
397 4421 4046 4,79 5,04
Te59 8,01 8,48 8,94 9,43
1358 14.25 15,06 15.82 16467
23472 24479 25,77 26,60 27.32
29449 29,56 59,61 £9.64 29.63
29472 29472 29,71 29,71 29.70
(P-T)., RAD FIRING NO, 3
lol6 1.25 1,79 1.35 1.45
2403 2,16 2,26 2,40 24,51
4402 6027 4454 4,85 5,13
Tebd 8405 B,49 8,96 9,45
13664 14437 15414 15,93 16,80
264404 25,14 5613 26,98 27,68
2972 29477 29k 29,66 29,86
29490 29,90 29,R9 29,90 ?9.8Y9
(P=T), RA  FIRING NO. 4
Vol7 1,22 1,372 1,36 1,45
2.0“‘? ?017 2.?5 2.38 2053
3.9“ 1‘023 (ﬁo“q (4.80 ‘3.08
Te59 Be00 B,45 B,93 .42
13457 146427 15,05 15,84 16,66
2389 25,00 26,03 26.85 27.64
23479 29486 29,89 29,92 29.94
29497 29498 29,97 29,98 29,94

(P=-T). RAD FIRING NO. 5
le08B 1417 1,21 1.27 1.37
1694 2008 2416 2.30 2,40
30Hl 4.07 “.3“ Q.ﬁb 4.92
Tetl 7.81 8,23 8,72 9.1v
13225 13495 14,70 15,46 16.29
23e33 24,46 25,51 26,49 27.31
29681 29,90 2Y,94 29.% % 30.00
30010 30,06 30.04 10,0« 30,04
(P=T), RAD FIRING N, 6
lel2 1419 1,23 1,.3. 1.36
1e97 2403 2,15 2.30 2.35%
3457 3481 4,10 4.34 4463
Tolh 7.58 8006 8.5‘0 9,02
13510 13483 14456 15,323 16.16
P3e23 244 T 250064 26,43 27.26
29487 29405 30,06} 30,05 30,08
30414 30414 30434 30,16 30,12

187

l.62
217
5.58
10.25
17.93
2T.94
29,55
29.58

1.54
2456
5.39
9.96
17.53
27.90
£€9.68
29.70

1.49
2.66
5.45
G.97
17.68
2R.25
29.88
29.89

1.50
P o
5.383
9.94
17.57
28,24
29.96
29.97

le42
296
Sel%
G.72
i7.14
27.98
30«08
3604

1.43
2¢53
4497
9.52
17.01
27,95
30.16C
30.14



REFERENCE 68308 FOR LOTS (Q=-u), RAD FIRING NO. 1
N e85 ¢98 1402 1410 1414 1423 1427 1433 1e43 1448
1058 lnhq 1072 1084 1091 2000 -',)01‘0 2023 2.36 {?.“b (’.L;q
2el7 2e91 3.10 3.35 3.57 3;83 4,06 4,33 4.65 4491 (.';.2'*
S5¢54 S5.87 0,24 6,60 6,97 T,al TaH0 B,26 B,71 9,13 9,7°
10622 104R0 11439 11498 12.64 13,29 l4,.i 14,7 15,54 16,38 17,24
I1Be16 19,16 20418 21427 22.40 23455 2646b 25,72 20,65 27,45 28,08
2B 29,00 29.30 294D4 29,71 29,83 29.91 29.96 30,02 30.03 30,04
3005 30,06 30,07 30409 30,09 30,08 30,02 30,08 30,08 30,08 30,07
REFERENCE 68308 FOR LOTS (Q=U)) ¢ RAD FIRING NO. 2
73 «79 81 gl « 9% «97 1,06 1.10 1o16 1426 1431
1e38 1650 1455 1467 1473 1683 1.96 2404 2,19 2.32 2,43
c’cbO Cel? 2099 \3.23 3.45 30 12 3.96 4,22 “.53 44,80 5011
S5.45 Se?77 Del5 66493 b.8H8 7.31 Tal2 8.18 5.63 9.1l (‘);0_3
JCalS 10470 11031 11491 12457 134,23 13494 14,72 15,50 16,33 17.23
18014 19:14 20416 21624 22441 23255 24409 25,77 26,71 27,53 28,13
2Bebb 29405 29435 23,58 29,74 29485 23.93 29,94 30,00 30.03 30.05
3G.06 30407 30,05 30.07 30.067 30,07 30,07 30,07 30,07 304,06 30.06
REFERENCE 68308 FOR LOTS (Q=-U) o RAD FIRING NUO. 3
B8 oRE 92 «99 1403 1all 113 1414 1,28 1.33 1,40
1690 1486 1466 1473 1.82 1696 2403 2417 2,26 2639 2.%6
CeOB 2B 0T Jub IS4 Jg76 44,03 4,33 4,59 w89 5H,2/¢
5:92 5S5.R8  6e20 64H6 6,98 To36 7481 8,23 8,67 6,17 y.65
10015 1007b 11-32 11094 l?.50 13.83 1?.9(’) 1‘0.69 lf)."’ l(‘u.}l 17ul'j
L8el12 19409 204513 21423 224,39 23.56 24473 25435 26,87 27,72 2843
2899 294462 29475 30,01 30,19 30,32 30440 30.45% 30,49 30.51 30.52
30454 3055 3096 30496 30456 30657 30657 30,57 30.57 30,96 30.9%b
REFEKENCE O8B30R8 FOR LOTS (W=u), RAD FIRING NO, 4
«87 o &7 «90 «98  1.01 14,006 lelae 1,18 1.28 1.32 1.37
o8B 1655 1460 1469 179 1,92 2,00 2411 2,26 2436 2,52
2eba  2.R1 J.05 3424 3448 3,75 Ja9H 4,27 4,53 4,82 5,19
Setths  Sa7Y 0,10 6a0b  boBh Te28 Te63 8,09 8,52 9,00 9.4n
Fe99 10454 11409 11469 12,349 1298 13009 14,41 15,19 16,01 16,86
17.80 18473 19.74 2082 2l.94 73,09 20426 22,39 2b.41 27.23 2R,01
CReOY Y9404 29440 29,67 29.80 30,00 30,10 30,16 30,19 3022 30.74
3024 30”5 30,25 3026 30,27 30,27 390627 30,27 30.206 30,26 30.26
REFERENCE 65308 FOR LOTS (Q=U), RAD FIRING NO, 5
OHO nHO ad8 .90 n")‘;‘ 100} 1007 l.l(‘r lulH loc)L.) 1.“7
10“0 10147 ko&g 1565 lo‘]h l.H" 1093 éooﬁ 1?.1‘:‘) (?.Lf(" L).{‘*.)
2e¢53 2470 2485 3404 3,29 3,61 3o 79 4,00 4.7 “ebl  w By
5619 H,%54 5,83 6,26 661 6,9 Tel TaBa4  HB,ZY B.ld 9,24
Sa79 1031 10488 11449 12,10 12.77 13,45 14417 14,96 .75 leJb0
1751 18445 19446 20452 2163 P2.80 23497 &£5,11 618 27,11 27.88
CHeS50 28499 29,37 29,65 29,86 30,03 30412 30,18 40.21 30409 30009
3029 30430 30.30 30430 30431 50431 30.32 30,32 30,32 30032 30,31
KEFERENCE 68308 FOUR LOTS (Q-1)) , RAD FIwING NO, 6
«B6H e HE .89 « 94 «9Y 1.07 1.08 1.[") 1.26 l.28 1.8
ll“? 10%3 1065 1.7‘ l'HO lo()o ~)-Ol 2.1"7 Pn(?“ (.). bR} ()-LH‘
265 24Kl 3,03 3.22 B 370 3e9% 4.0 4,5¢ .81 5,14
50“3 3079 00‘2 6.‘*9 6.90 .’..30 7| T4 8.]7 H.(’)J L).lq 9,(‘)1
1016 10072 11,30 11493 12456 13,24 13,98 14,71 15,50 16,35 17,072
18016 19.14 2018 21429 22.42 23460 2975 25.83 26,719 27,59 28,74
e 1T 29417 29439 29472 29489 30,00 304068 30,13 30.16 30.19 30,20
30+21 3021 30,22 30422 30,23 304,24 30024 30,23 0,23 0.3 0.2
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REFERENCE 68308 FOR LOTS (R=S), RAD FIRING NO, 1
«75 B2 286 92 «95 299 1409 12,172 1,18 Lol 134
l.“s l.qo 1058 1070 1077 1089 109’ 2-0(% &'3.2 20}3 2."*6
R2ebl4 2,79  J,02 3423 Fe47 3475 3499 4,26 4,58 4a.80 5,19
Hal9 S,A3 421 6456 6,97 To33 Te76 8,23 3,72 9.16 9,68
10619 10676 11432 1193 12459 13425 13.96 14,72 15,49 16432 17.18
1810 19,08 20,09 21418 22430 2344€ 24.62 25,73 26,71 27.57 28,26
2R e8]l 29¢24 29,58 29,85 30.04 30,17 30.26 30,32 320.36 30.39 30.40
30642 30443 30494 30,46 30446 30448 3050 30.46 30,46 30446 30.45
REFERENCE 6830R FCOR LOTS (R=S) , RAn FIRING NO, 2
« B0 «RT «39 ¢93 1,02 1,06 1lal4 1,17 1,246 135 1.40
1o47  1eB8 1465 1476 1483 1493 2,06 2albH 2,29 2633 2.53
CeTl 2eR6 3406 3432 353 3480 4405 4,372 4,62 .90 5,21
S¢95 S48 0423 659 6,97 T439 7,78 8,25 8,70 9,19 9,71
1621 1077 11037 11496 12463 1328 13498 14475 15,53 16,37 17.25
1816 19414 20,16 21424 22639 23,54 24,70 25,717 26,72 27.53 28.18
8469 29,10 9,41 29,65 29.83 29,91 30,00 30,05 30,08 30.11 30.13
3016 30415 30,10 30417 30417 30418 30417 30,17 30,18 30,18 30.17
REFEREMNCE 68308 FQOr LOTS (R-S), RAD FIRING NO, 3
« 83 e Al B4 «91 « 94 e98 1407 1,10 1,20 l.24 1.30
1640 YoaS 1493 1463 1.71 1683 14,90 2,00 2,14 2,25 2439
2052 S et 3.57 3.14 3.31 3.55 3.81 Go.11 1‘036 464 ‘0‘97
Se27 598 Se9h 6,30 f 71 T40H  T.a8 1,95 HB,37 B.87 94,34
GeHS 10s41 10497 11657 12422 1285 13656 14,28 15,04 15.87 16,72
17602 18,59 19,58 20466 21,78 2,99 24,15 25,30 26,37 27,30 23.08
CRaTY 2970 29,56 29,89 30,06 30429 3035 30,42 30,47 30,49 30.51
30699 3054 30.55 30.56 30,57 30,58 30.58 30,53 30,57 3057 30.57
REFERENCE 6830R FOR LOTS (k=S), RAD FIRING NO. 4
-‘*1 .RE ‘8() o\"? aqb 1.00 100(9 1.11) 1.,&} l-u)_b 1-31
le42 1sa7  1eo8 1463 1472 1484 1491 .01 2.1% 2,24 2439
Coel4d (?oh‘ﬁ L).”L) 3.01 Jo(‘\j 3.")1 3.7“ "003 L’.C'q 4.%8 ‘0.91
S.71 Yeh Tl  SdBY  hel4  Hab5D 1.07 [ ettls 7.91 H,34 B.,84 9,32
YeB3 1060 10496 11496 12422 12680 1358 14,30 15,08 (15,91 16.76
L17.6H 18Bena 19,664 20,72 2184 23,010 20419 25,33 26,38 2129 28,03
PReb& 2910 Y08 29477 29496 30,17 30022 30,029 30,372 30436 30434
3040 30400 30.9) 10,42 30e049 30,466 30,45 0,446 30.85 30,44 30,44

KEFERENCE 653018 Fur LOTS (R=8) . RAD FIRING NO, 5

81 «R7 o« HU «93 107 1409 1,13 1,16 1,27 13 1a37
1ebds lo(“l) lo"@ | Lol ‘.HU :).Ul Z.l” (7.1."1 ‘). 3% (’.‘:0/
Al P2y TH 2Lk el 1abd o0t 3aG3 4,00 w51 Ga L 0H

YeH2  HaT/ Dl Rge s aHT Tl Tent Bol3 HB,.62 9,08 9,61
1012 10447 1lads 11eXb 1land T3a08 1308 1462 15,40 16,72 17,14
JHa06 {9200 20405 2lada 22.79 D344 Ca.62 25,04 26,74 21499 2Hadld
SAGRG Yl .00 29eHS 30,03 10,10 30,24 310,30 30,30 30434 30, 47
10430 30649 30440 30492 JU.ad 30,03 30,43 30,43 30,043 30,43 30,40

Rt bFPREMOE OXRI0N FOR LOTS (R-%) RAD + TR ING NO, 6

RELTN R a9t MO 1.11 el Toda  donp bt Ladh 1 and
YR 196 lat3 | S e ) RS eyl Ced ) Cell Sl Do 3l R
S et ATl P .l LI RIS 3o88Y9 a4 Gl 4./l LU0

Nedh S 6T H.U1 H.40  H.TH Teits ot H,01 Mol He9d Y al
Gew? 101 11e07 V11ahS 12008 12.96 1,04 16,305 IS 10 19,90 L6 19
17667 1801 1794001 2008 2hod 7 20490 Paa0% 20013 26,011 06095 27,66
SR el :’H."] P Vel ()“)q(), St n"wohl 1”‘.’() _)".7“\ (,‘“’.l(‘ PR I 2 PSR N S Y
PaHb P aNE S GHE 2 My 9 0 29 L S BB 0 RO S By 0 90 SO 8k
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PR R S

RESERENCE

o Bé o R4y

) etode koS0
2055 .70
S @9 S.61
G806 1D}
FFahE 16,49
2822 2B,68
CHaPh 9,97
REFERENCE
W76 279
140 1,50
2455 2,712
518 5,49
974 10.26
: 743 18739
28.55 294,05
J0es2 IDeab
REFERENCE
o£3 »R?
leS 1,51
2459 2.78
S35 &,70
10.05 10,58
17:99 18,96
28489 29,32
3Gebbd 20,48
REFERENCE
«85 092
121 le62
273 2487
S5 S,77
10.01 hgw\:":)
17.71 lgohf)
2B:%86 29,04
30.41 30.29
WEFERENCE
86 «93
154 1419
276 2493
5.59 5.92
16:24 108D
18.03 18,99
8.4 28,82
€9.9% 29,02
REFERENCE
«8B0 79
1«40 1a.45
2650 2465
5«.21 "3.62
.05 10,02
17.79 1Bo76
PH.BE 29,1)
IC.5T 30.498

e s e
TR Alihon T
S O e

683908
287
1.60
R
e
10,94
19,48
Y04
29,99
668308
87
1.55
2.86
584
10,82
190}
29,45
3G.42
68308
.89
el
2693
602
11.17
20,01
2956
3),48
68308
« 94
1068
1.06
6ei?
11a.123
19,64
23,41
30.36
68308
v 95
1.68
3.1“
6,30
1138
13,99
29,13
29,92
68308
«83
156
2ol%
5,91
10,99
19.80
29,68
30.5%

FOR LOTS
«94
1,66
3.01
11256
20456

« 37
1.75
3,33
669
12.16

21.64
22231 29.54
20,00 30,01
R LTS
1.63
3.04
6020
11e4d
20246
2974
30eub
FOR LOTS

«91 96

172 1.8
313 3,39
6ol 6,77
1179 124¢2
2110 22.25
29.91 30.10
30,49 30,50
FOR LOTS

s99 1.08
179 1,86
3.30 3,52
648 6,92

1173 12436
20.69 21,890
2971 29,92
30439 30,41
FOR LOTS

e 99 107
178 1.H%
Je4l 3,67
Heb Ta02
11.96 12461

207 22.19
29:37 29.55

.94
1.76
3.27
5,53

12.03
21.°9
29. .
30,46

29693 29.94%
FOR LOTS
2} 9%
1s62 1.71
3443 323
625 6,66

1859 1229
20,90 22.0%
29494 30.14
30459 30,01

Y A

190

ARTRPTORTY., T FYFTon. O SRy T

(VW) , RAD FIRING NO, 1
1,05 1409 1.14 1,23 1.27
1688 1495 2405 2,19 2.29
3.55 3.’9 ‘4030") 4035 ‘0.63
Te07T 7et8 7494 8,36 B.86

12482 13453 14.23 14,99 15,81

22479 2395 25,04 26,06 26.92

29,68 29.78 29.84 29,89 29.92

30,03 30402 3V,01 30,01 30.02

(V=) RAD FIRING NO. 2
102 1406 leia 1,18 l1.24
leBla 1,94 2,08 2,17 2431
3e4Y LTS5 3:99 4,26 4457
6692 TW3l T479 8,26 8,171

12671 13439 14,11 14,90 15,69

22476 23,93 25411 26,18 27,13

" 30411 30420 30,30 30,35 30.38

30646 304466 30,47 30,46 30447

(V=¥}, RAD FIRING NO. 3
1.06 +98 1,20 1,25 1.42
1e89 1298 2,12 2.21 2.32
Je2 3eBY 4415 4,42 4675
Tol8 7472 B,12 8,52 9,05

13,10 13.80 14,55 15,30 16417

23444 24462 29,75 26,76 27.61

30,22 3043% 30,37 30,40 30.43

3050 30,50 30,52 30,53 30,51

(V=w) ¢ RAN FIRING NO, &
1oll 116 1426 1,30 1.40
1e96 2609 2017 2.89Y 24644
3676 64403 4428 46,57 4.84
Te29 Teb66 B9 8,57 9.02

13:00 13,68 14,41 15,17 15.97

32.95 2“01‘ 25.26 26.29 27~20

30407 30418 30424 30,30 30.33

30.‘48 300‘03 30 .‘03 30 .‘0‘4 30.‘03

(V=W) . RAD FIRING NO. 5
110 120 1,23 1.28 1.39
197 2610 2,19 2,33 2.43
JabBY 4eld 4439 4,70 4.96
Teth Te86 8,30 B,75 9,22

1325 13,94 14,58 19,44 16,28

23032 2‘00‘05 ZSUL_’O 26."0‘0 27.("0

29.06 29.75 29,8) 29.84 29.87

29,94 29494 29,95 29,94 29,94

(V~uw), RAN FIRING NOo 6

298 1407 1,10 1,20 1623
1o84 1492 1,99 2,15 2.24

3e52 3e76 44,05 4,31 4460
Tel04 Tet? 7,93 8,36 8.86

12491 13454 14,38 15,16 16,00

23423 24,43 29,57 26,62 27.51

30,29 30.39 30,45 30,46 30,52

30662 30062 10,62 30,62 3062

T e AR

1,34
el
4,96
9,33
16 .64
2T.64
299G
30,02

1.3
2ol
“.86
9,20
16.55
27492
30.41
30.46

1«34
248
5.03
9,52
17,05
28.32
3¢ .45
30.51

1.44
2.55
S5ela
9.52
16.82
2795
30.35
30.43

la43
2457
5.30
9.74
17.13
27.89
29 .89
29.9%

1.29
2439
493
9.33
16.86
28,26
3057
10.52

A
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i Lk S I FEY oY
SIX HEX RECORDS. TEST NO. 29,
2,075 2,097 2,187 2,316 24419 2,556 2,701 2.835 3.015 3.211
3,446 34598 3,790 34999 40225 4,455 4,716 4,919 5,183 5,386
5,650 50906 6,164 64426 64700 6,951 7,262 7.513 7.789 8,124
Be39% 84737 9,054 9.363 94729 10,061 10,428 10,830 11,2246 11.633
12,028 12.455 12,926 134381 13.845 14,383 14,899 15,463 15,995 16,599
17,229 17.852 18,545 194233 192934 204712 21,475 22,287 23,098 23,883
264,629 254331 25,923 26,449 26,886 27,258 27,586 27837 28,044 28,213
284339 280433 28,514 284579 28.595 284635 2R.645 284643 28642 23,646
28,652 284644 28,656 28,650 284653 28,631 28,635 28,636 28,623 28,628
SIX HEX RECORDS. TEST NOs 36,
=3,764 =3eTiE =3,676 =34655 =34477 =3,504 =3,403 =3,389 -3.298 -3,179
“3.139 =3.058 =2,946 ~2,865 ~2.740 =2.684 =2,563 =2,405 ~2,320 -2.151
=24053 “1+917 =1.740 ~16594 ~14400 =1.128 =,912 =,6046 =.359 =,064
$310 4612  ,967 1.372 14702 24089 2,435 2,878 3.370 3,854
4,372 44862 5,397 5,974 60545 7,100 7.869 8,580 9.323 10,083
10,889 11797 12,686 13,722 14759 15,832 17,011 18421€ 19.499 20,863
22,226 234579 24,858 26,028 27027 274844 2R,473 29,002 29.378 29.675
29,892 30.018 30,120 30,361 30,242 30,253 30,260 30,272 30.275 30.312
30,317 304326 304294 304216 304322 30.318 30,338 30,444 30,344 30431«
SIX HEX RECORDS. TEST NO. 45,
o875 <836  .B88  ,989 14001 1,053 1,159 1,181 1.276 1.335
10356 1510 14575 16697 14755 1,835 1,989 2,062 2.165 2.337
24433 2.599 2,726 2¢926 34157 34334 3,565 3,844 4,087 %$.378
6.646 44939 5,278 S.584 54945 6,287 6,612 Te039 Te4l2 74811
84279 84693 9,195 9,675 104199 104773 11.333 11.961 12.605 13.289
14,001 144738 15,520 164372 174237 18,171 19,145 20,177 21,273 22,371
23,693 24,593 25,617 264551 274321 27,975 28,497 28,903 29.235 29,477
29,657 29.791 29,882 29,892 294933 30,001 30,028 30,039 30.073 30.108
30,063 30,043 30,056 30,064 304066 30,062 30,061 30,052 30.041 30,042
SIX HEX RECORDS. REF KOs 26,
2828 4805 4884 4904 940 1,020 1,069 1.149 1,187 1,246
14369 10393 1,466 1577 1465% 1,757 1.823 1,924 24064 2.157
24262 24383 2,507 2.698 24834 3,026 3,262 3.4TT 3.765 4,015
40281 40605 4,890 54219 54594 5,936 654332 6,670 T.074 7.539
74943 80423 8,923 94412 94973 104490 11,050 11,691 12.313 13,016
13,681 144407 15,192 15.902 164856 17.796 18,731 19,759 20.792 21.916
23,088 244251 25,353 26,343 274220 27.963 28,516 28,948 29,295 29,568
29,756 29,870 29.965 30,028 30,044 30,075 30,087 30.077 30.083 30.107
30,081 30.097 30.093 30,087 304085 30,067 30,076 30,061 30,052 30.055
SIX HEX RECORDS. REF NO. 34,
e804  £902  ,935  .979 14075 1,045 1,167 1,202 1.273 1.375
1,423 1532 1,569 1.649 1,762 1,806 1,890 2,032 2.09¢ 2,238
2,297 24409 2,580 24689 2¢819 3,011 3,148 3.400 3,610 3.863
6,164 40423 4,747 5,054 5,398 5,773 6,125 6,515 6.960 7T.373
T84l 84296 8,779 94367 94830 10,368 10,974 11,521 12,210 12.362
13,568 14,305 15,058 15,891 164736 17,623 18,592 19.608 20.663 21,311
22,952 2644114 25,249 26,320 27,198 27.955 28,558 29.038 29,398 29.679
29,892 30,025 30,139 30.202 30.245 30,274 30.285 30.297 30.291 30.298
30.305 30.311 30,317 30.314 30,313 30.286 30,306 30,302 30,332 30.300
SIX MEX RECORDS. REF NO. 42,
CT9T L8337 L9905 o935 4973 14067 1,082 1.183 1,213 1.26%
14393 14438 1,547 14646 1,701 1,822 1.87% 1,962 2.113 2.164
, 2.337 24455 2,556 24705 24871 3,063 3,307 3,518 3,806 4.043
o 4.301 44628 4,927 5.281 5,556 5,931 6.335 6,716 7.121 7.578
A Bo024 84513 8,968 9,512 10,061 10,602 11,172 11,798 12,3968 13,103
< 12,802 144538 15,351 164152 17,031 17,939 18,907 19,929 21,041 22.136
b 23,323 24.467 25.925 26,679 27,440 28,132 28,673 29.110 29.437 29.669
g 29,867 29.980 30,058 30,108 30,148 30,162 30,188 30,185 30,202 30.193
¢ 3 30,195 30,216 30,192 304191 30,190 30,086 30.189 30,181 30.179 30.170
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AUTOCAP LLIT Je PsAe FIRING NO, 1
n“c &“0 q‘ﬁl 0‘02 t‘h? .‘63 ‘.44 .“‘0 .4‘6 - 5 .‘v.r:;,
N2 i » 48 249 50 50 51 «52 «eD3 PRI «55
«55 w57 « 59 60 « 67 «63 e 54 o617 &9 o 71 o713
077 «.79 08-" u&S anq .923 .Vﬁ ,99 1@0’0 l.07 ioll
ﬁelﬁ 129 1.2 1.29 132 139 1o} 1.‘97 1,63 158 1.63
1”3(\7 1073 1079 108‘4 leH‘J 1.9‘} EoDi 2.08 2@1"3 2»3: 2.27
233 2,400 2,09 Z.8T  PehBH  2.13  FaH2 2,92 3,03 313 3,24
.36 3,69 3,61 3,74 3.87 4400 balt 4,28 4,41 9,56 4,71
.80 K5,01 5,16 530 Sc4T7 5,63 5,80 5,97 6413 6,31 6449
6,606 6,84 T,04 T,a22 Tl 758 7476 T,93 Bale 8,36 8,55
8,77 9,00 9,25 9449 977 10404 10633 10,62 10,69 11,17 11.47
1178 12,07 12438 1270 13,01 13632 13,56 13,98 14,32 14,067 15,03
[5.40 15,78 16417 16458 1695 17642 17487 14,30 18,79 19,28 19,77
20,27 20482 21,36 2191 22646 23601 23,59 24,18 24,79 25,37 25.96
26,53 27410 27.66 28,16 28,69 2914 29,56 29,94 30,27 3059 30.84%
31.05 31,25 31,41 31453 31,66 31475 314573 31,8Y 31.94 31.98 32,00

AUTQCAP LOT Ja Pehs FIRING NO, 2
«39 o 40 + 49 o 40 vi 42 e .‘01 a2 042 aid
43 o3 4 s 44 45 Y. ) et 1 o7 47 «G8
048 049 :50 p‘SO 061 951 05.73 ,53 \15‘4 or‘E) c\qé
ST « 58 #5¢ e 60 261 62 262 64 65 «66 «H8
o 70 ol « 713 et 6 «77 079 o872 ° B4 287 «B89 o 2
95 298 1402 1405 1608 1612 1el5 1,20 1.24 128 1433
1.38 lol""“‘ 10"07 1.53 1"39 106'4 1970 1075 10H1 1.86 1.92
1.98 2404 21l 2417 2424 2830 2038 2,45 2.54 2462 2a71
2+82 2.92 3403 3214 3476 3638 3,51 3.63 3,76 3490 4,072
¥ dolT 6030 4.45 4eBB G673 4eBY7 5,07 5,16 5,31 5.48 5.62
4 4 5680 9497 6,13 6231 64468 6Hebt bLeB4 T2 Ta22 Tabsl T.%7

ToT4 7493 B,12 8432 8e54 875 HBW98 9,21 Y44 9,68 9,92
1018 10e%2 10066 10093 11617 1le%6 11474 12.02 12:,30 12.62 12.91
13.23 13.56 13.89 14422 14456 14692 1527 15,65 16,04 16445 16,86
17.27 1770 18012 13,59 19,06 19659 204608 20,61 21,13 21.68 2223
C2eT9 2336 23695 24453 25612 2570 26,25 26,83 27436 2789 28,36
23482 29¢22 29461 29494 30623 30449 30473 30,93 31,09 3l.24 31.37
31047 31655 31462 3016609 31a74 31478 31481 31.83 31.85 31,86 31.87
31,87 31.87 31087 31,88 31488 31488 31,88 31,88 21.89 31,89 31.89
AUTOCAR LOT Jo  PaAs FIRING NC, 3

<60 «40 ] o40 PRPRY 042 P b2 b3 «43 el hy
45 e 05 45 ) 267 o7 oG8 o8 49 « 49 «50
51 D2 o5 A o D4 54 e5Hb 56 T «56 +59 61
62 «62 67 «63 65 o666 e 68 69 e 70 o 13 o 15
o 16 o 73 30 81 wB4 86 s 89 .91 «93 « 96 « 98

1.01 1,06 1405 1008 1lell 1leld 1418 1,21 125 1428 1.3¢

135 139 Yoada 14T 152 1456 1,61 1.69 1,70 176 1.81

1686 1691 1.96 282 2607 2el& 2420 2,26 2431 2639 2405

e

et s 2 e el et

. { 2¢53 2,60 2459 2.T6 2485 2293 30 3,13 3,23 3435 .47
! - .60 3,72 3eBE 3298 4¢13 4427 G4e40 4 .%6 4,71 4,85 5,01
5 o 5616 G431 SelB 563 5,80 HeY9 6,15 6,33 6,50 6468 6,47

Te08 7424 Tutal Te59 TeTh Te96 L4133 B35 8B.50 B8 5459
9,23 G.46 9¢TL 9295 1062 10645 1070 10.9€ 11021 L1a47 11475
12403 12632 12463 1293 124246 17357 1349 14,23 14,57 14,91 15.28

e

[ decliaD S S

. 15,66 16,03 16,446 16,85 17427 17.71 18,13 15,60 19407 19.58 20,09
’ 2060 2114 21067 2220 2276 23233 23,90 26,66 25,0% 25,62 26417
3 CHJTL 27426 21470 28424 28466 29,08 29447 2981 30,11 30437 50,60
fe 30,79 3097 31610 31422 316732 31et0 31e46 31.52 3153 3154 31,55
. 3
e
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e 192
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AUTOCAP 10T Le Puho FIRING NO, 1
b 04T LaT w469 49 WS0 W51 52 .53 L,54 .55
@56 Y4 » DM + 60 o6k 62 «63 &5 YY) 68 A 69

«71 2 e 4 « 15 o 77 «80 s 81 .83 o 86 L 88 e 89
+91 o 295 o927 1,00 103 1e0% 1,06 1,09 lol2 lola
1,07 1421 1423 3.26 1230 1233 1637 1a40 1.45 1,48 1491
156 1461 1,65 Re70 1a76 Le80 7085 1,89 1494 1,98 2.04
2.08 2413 2013 2422 228 2632 Pe38 2,83 2449 2,55 2,461

E»bf ?.7 W 16 80 209‘5 300? 3010 ?-19 3QZH 3038 3."‘&8
3,59 3.t b 80 393 4,04 4all 430 4,42 4.96 470 4,83
"3.98 C)QF 12H 50“4 5.61 5076 5.98 ('}.10 6.87 6.‘0() 6.6‘0
6-82 7.‘. vZ;, 7.‘00 7.58 i.?S 7.95 R.l“ 8.36 8058 &ngo
Qe03 Jec S0 975 10600 10625 10452 10478 11404 11,30 11,59
i1.87 12.17 . 47 1279 13011 13444 13,77 14.12 14447 14,82 15,20
1957 167 0 037 16478 17.19 17263 184010 194,57 19.04 19,55 20,10

20,64 21.é¢ T8 22436 22699 23461 24420 24,86 25,45 26,03 26,57
2711 27,4548 yOT 28,52 28,96 29436 29.6n 30,02 30,30 30,56 30,78
30,95 31.42 26 31,37 31,46 31.53 31,57 31,60 3164 31,67 31,68

AUTOCAR LY Le PehAs FIRING NUO, 2
Ga . b » 45 + 45 o7 a7 a7 .48 s 4R PN 50
.51 oh .52 .53 QSL’ 055 055 .56 .(_’)8 .SB .59
.60 ol 61 62 «53 o6& e 64 w6t 07 «68 e 70
71 . o 71 o 76 77 o 79 81 233 e85 «87 «88
«91 .S 296 0937 099 1.02 104 1.06 1.08 1,11 1,13
116 1.1 021l 1624 1027 1430 133 1,36 1,39 1.43 1445
La@7  1e5¢2 1456 1458 1662 1466 1479 1.73 177 1482 1,85
1eB8 1493 1437 2,00 2404 2609 2413 2,17 24702 2.27 2431
2e39 2440 2:45 250 255 2460 2465 2,71 2,76 2.83 2,88
2.9% 3,01 3,08 3.15 3422 330 2+39 3,48 3,58 3.67 3.79
3.90 4401 4,14 4427 4439 4e52 4060 4,79 5,00 5.09 5,22

Se38  S,.54 STl S5.87 6,04 602! 6+43 6,58 6,76 6494 T.l6
To33 7452 TeaTl 7492 8el?Z Be32 Be53 RT4 B,98 9,21 9.46
972 997 10,22 10449 10476 11403 11532 11.61 11.89 12,18 12.47
12.78 13,10 13242 13274 14,08 14c42 14479 15,15 15.51 15.89 16.28
16,67 1710 17.51 17496 18242 18489 19.36 19,87 20.38 20,91 21.40
2198 27453 T3.12 2370 24429 2487 2%¢4c 26,06 26,57 27,10 27.61
2H,07 2R.47 84,88 29,23 29459 29482 30.07 30,29 30,48 30.64 30.79
30,92 31.03 31.10 31419 31.2% 31429 31¢ 3 31,35 3138 31.39 31,40
31,40 3141 31442 31443 31463 31643 3levd 31,43 31,44 31.44 3144
AUTOCAP LOT Le Pahe FIRING NUg 3
4y PR Y4 45 206 vl o7 « a8 49 s O 09
«50 21 o1 «53 oS4 «55 « 55 50 56 .58 «59
.‘bo ebl 062 06)2 063 ob‘# ofl)f) ,()B ‘0() ¢7G .,2
s 73 o 75 o 77 e 19 o A1 82 « 85 87 39 « 91 « 9%
» 96 298 1402 1404 1400 109 1e12 1,15 1,171 121 1424
1426 130 1,33 1438 letsd 1a45 1647 1,51 1.55% 1,59 1,63
1067 1470 1475 1e79 183 1eB7 1491 1.9% 1,99 2.04 2.09
8.‘3 ()017 ?0(33 2.88 2033 .?03’ ?0"] ?1499 (2;5( 2.61 2067
2.73 2.79 2,86 2494 34492 310 318 3,27 3,36 .46 3,57
3.67 379 390 4401 Gelh 421 4,40 ceD3 4 ,H6  4.80 4,95
S¢10 Se24 540 Sa56 5473 5490 6407 #,25 6,44 HaH2 6,81
T.00 7.19 TW37 7,56 7,15 Tah A7 R,39 8,61 3,84 9,07
G331 9.%6 981 10,07 104732 10660 106727 Yv 24 Yl,a 11473 12,02
12.31 12467 12096 1328 1363 1398 14¢35 14,73 15411 195,52 15,91
16032 1he73 17416 2758 18407 1449 13,96 19,42 19,93 20445 20.99
153 272410 22,67 23¢24 P3aPh 26442 25,01 25,62 26,20 26,17 27,31
2T RO 2H 29 2haT2 29409 29546 2978 30,05 30,28 30,51 30,69 30.R87
31.0) 31412 31:26 31033 3139 3ledd I1e%8 31,52 3l.53 Jia55 31454
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AUTOCAP LOT e PyAe FIRING NO, 1
«36 036 37 +38 39 040 o4l Y 043 «l4 45
L) o 4d oG8 049 51 «92 53 «95 «56 57 60
«61 062 264 66 0 69 o7l «73 e 75 «78 «80 «8%
» 86 89 92 96 099 1.03 1405 1.09 1i.d8 1,17 1.21
126 1430 135 1439 1464 1e4T7 1652 1,58 1463 1,69 1,74
1279 1485 1489 1695 2,01 2.07 2Zal& 2,20 2.28 2,33 2.40
2oG8 2,55 2.4 2Tl 24,80 2.89 2,99 3,09 3,19 3,31 3,42
J.55 1469 3,83 3:96 4,11 4e2T 4,43 4,58 4,75 4,92 5,08
525 Sabd H.62 S.81 0,01 ©e21 64643 6,63 6,846 1,07 1.29
754 To7T1 B.03 8B.28 BeS4 8,81 9,10 9,38 9,69 9,98 10,29
10,62 10495 11428 11463 11698 12236 12473 13,13 13.54 13,95 14,37
14,82 15427 15,74 16,22 10672 17423 17674 18,29 18.85 19.4) 20,01
2081 2123 21,89 2255 23422 23+G91 24459 25,29 25,96 26659 27,23
21,79 28,34 28,81 29:24 29461 29494 30421 30,45 30.66 30,82 30,97
31,08 31419 31.26 31,32 31437 3104] 31443 31,44 31.45 31.46 31,46
31047 31a%T 31447 3147 3168 31448 31,48 31,47 31,48 31.48 31,48

AUTQCAP LOT Re PLAs FIRING NO, 2
« 37 38 «37 39 + 3G 040 041 $02 «43 o4 «4S
e%7 oo 248 e %9 «51 52 «53 55 57 58 60
262 €3 « 6% 267 270 72 o 75 o 17 +80 +83 «85
88 92 + 95 eF8 1402 1405 1,08 1,13 1417 1.21 1.26
1.30 1.35 lo:’q 1a44 1.-’08 1053 1058 1.6‘0 1.70 1.75 1«81
LeBT7 1492 1498 2409 Z2e1ll 2619 2425 2,32 2439 2.47 2459
2464 2472 2082 2491 3602 312 3424 3,36 3.50 3,63 3.7
3,91 400 4421 Ge37 4¢54 GoTl 4483 5,086 5,23 5S.42 5S.61
5.80 6601 6,21 6443 6464 685 T,07 7,30 7.55 T7.79 8.905
B30 BaST 8,85 9414 943 9674 10405 10,37 10,69 11,06 11,37
11673 12409 12647 12487 13626 13468 14,10 14,55 1500 15:45 15,94
16,43 16493 17,44 1900 184595 1912 19471 20633 20.96 21.62 224+29
22.97 23267 24.37 25408 2978 26446 27613 27,75 28,30 28.85 29,28
29471 30405 30439 3066 3089 31608 31,25 31.38 31.48 31.57 31.64

AUTOCAP LOT Re PusAs FIRING NU, 3
03‘0 035 )37 038 .38 .‘01 041 y42 o‘vq 046 047
0“9 051 .5_‘3 054 eSb 059 ob) .62 065 067 070
«73 oI5 78 81 o R&G 88 «90 « 94 %7 1,02 1.04
1408 1403 1417 1422 125 1631 1235 1,40 1,45 149 1,55
1459 164 1,70 1476 1,81 1687 1693 1,99 2.06 2413 2.20
S.2T 20346 2,43 2652 2661 271 281 2,93 3,06 3,19 3.32
3,46 34959 3.76 3490 404 9620 4,36 4,52 4,68 4,84 5,02
520 538 S.57 S.T6 54986 6015 6636 6,56 6,80 .01 1.26
Tatd3 Tall 7,99 8B+25 Be52 Bel9 9¢C7 9,37 9,67 9.98 10430
10,62 10,96 1131 1166 1203 12440 12479 13,20 1361 14,02 14ca?
14.92 1539 15,88 16438 16487 1738 17,93 18,48 19,06 19,65 20,26
20,90 C1a92 22.19 2289 23454 2Ge24 24492 25,59 260,25 26.86 27.42
30.86 30495 31401 31406 31410 31,13 31415 31,17 31.19 31.20 31,20
31221 31622 3122 310422 3123 31624 31,23 31,23 31,23 21,25 31423
1423 31.23 31.24 31624 31423 31624 31424 31,23 31423 31,24 3124
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AUTOCAP LOT Se PoAes FIRING NOo )
«39 Y] o1 ohe]) w43 044 S 45 o446 oV +48
.‘09 051 052 053 GSS 05)6 058 .59 06] ué)e 063
<606 o7 69 o 71 v T4 s 77 78 081 + 83 + 86 «89
92 e 95 «98 1.0} 1ol 1.08 i1s10 1.14 117 1.22 1.2%
1429 1634 1438 1443 1edH 1651 1B 1.60 1465 171 1476
1,80 1.86 190 1495 2601 2406 2412 2,19 2,25 2431 2.38
2ek4 2451 2459 2467 2473 2482 2.91 3,00 3,10 3,19 3.30
3.‘0: 3.54 3.66 3079 3092 4405 4020 ‘0.35 ‘0.51 4.67 4483
5200 BSed?7 5535 S5e852 SeT7l 5089 6609 6,29 6,49 5,69 6,89
Tal2 7433 7,55 T8 8Be02 8025 8449 8,74 B.99 9,25 9,51
Qa7 10607 10435 50263 10493 1122 1153 11,87 12,20 12.53 12.88
13623 13¢61 13498 1437 1476 1517 15459 16,02 16446 1690 17435
1782 1832 16,82 1943) 39683 20636 20690 21,44 21.96 22.53 23.10
23,62 24415 24,TT 25632 2585 26438 26685 27,33 27,77 28,17 28454
28.90 29418 29,47 29.72 29692 20012 30427 30,42 30,54 30,653 30.72
3079 3085 30490 30.54 3098 31e0i) 31402 31,064 31,07 3105 31406
31,07 3107 31007 31.08 31,08 3107 31,08 31,08 31.08 31,03 31,98

AUTQCAP 1.OT Se Pehe FIRING NO, 2
37 «37 «38 « 38 39 o4 040 ol o4} 243 .4
o4 o‘QS « %6 o7 «48 e @ 0’30 .Sl 52 .'53 + 54
« 85 57 «58 59 061 62 ¢63 + 64 e 66 268 eH9
il e 73 o 75 o718 +80 +83 85 .88 «90 294 +96
«99 I1ed3 165 1.08 lell lelS 1416 123 1.27 1.31 1,35
1.39 1ea4 147 1,52 1:56 1e6)l 1,86 1,71 1,76 1,81 1,87
1a91 1497 2.02 2508 2614 2620 2626 2,32 2.38 2.45 2,52
2¢59 ?e067 273 2e80 289 2~98 3.07 3,16 Je27 3,37 3,49
361 3473 e85 44,00 4eld 4629 406 4,00 4,78 4,93 5,11
5028 CZQ‘QG 5.65 50814 b.o‘t 624 6.4‘0 6.65 6,85 7006 7.?9
TeS1 TaT2 7496 Ha20 Be4S Be69 Be94 9,20 9.4 9.74 9,99
10,28 10498 10486 11016 11e46 1178 12410 12.43 1278 13,12 13,48
13.85 14423 14,65 1501 15442 15684 16¢27 16,71 17,16 17.61 15.08
18,56 19,05 19.58 20:10 20662 21616 2170 22,26 22.78 23434 25690
Lhebh 24498 25,50 26.01 26650 26694 27639 27,78 28415 28,50 28.79
29405 294,27 29.49 29,68 29482 2997 30«08 30,19 30425 30.33 30.38
30,43 30,47 30449 30.52 30454 30655 30457 306,57 30.58 30.58 30.58

AUTOCAP LOT Se Pelds FIRING NO, 3
<36 « 37 38 «38 3y o4l W41 42 43 b4 e 46
«46 ob? o9 «590 51 «53 54 «O6 «S7 e59 e61
62 63 « 55 67 066 «71 74 « 76 o178 81 «863
.86 089 w93 .95 age 1.06’ ‘.,0/& 1.08 loll 1.1:& 1.1“)
1623 1627 1631 135 1439 1eé&43 1647 2.52 1,58 1463 1,67
1e73  1e78 12346 188 1694 2600 2406 2,13 2.19 2.26 2.33
el 2049 2,59 2.68 2676 288 299 3,11 .23 3.35 3.48
3,61 3.T4 3,83 4401 4416 4032 4e%Hn 4,63 4,79 4,95 5,11
526 5444 5.62 5,79 597 6615 634 6,51 6,71 6,92 7.13
Te3d3 TeST To78 8.01 8.25 He49 8473 8.99 9,25 951 ©.79
10,06 10435 10464 20493 11224 11655 11487 12,22 12.57 12.91 13,28
13,64 14483 14,42 14,82 15,22 15667 16,08 16,54 17.00 17.45 17.94
18.42 1R.,90 19:44 19,95 20,50 21004 2159 22,13 22.69 23,23 23.74
27433 2683 25.38 2588 26436 26eT9 2721 27,59 27493 28.24 28,52
28,76 28,96 2917 29434 29449 2960 29672 29,80 29.88 29.94 29,99
30,04 30,08 3011 3014 304,16 30617 30,18 30,20 30.20 39.21 3%.21
30.2) 30422 30422 30423 30423 3623 30623 30,23 30.23 30,23 30.23
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AUTOCAP L.OT

« 37 37
A Y

N Y 03

e 90 4
1,33 1,38
1.91 1.97
2.70 2,98
4413 4,430
€oid  Ae34
B.75 3,02
L2.16 1#,53
16,79 (7.28
23,06 231,71
CHWBT 249,15
30,49 30,52
AUTOCAP LOT
o 37 e 37
a3 43
«53 «93
«H8 e 70

« 96 099
1.37 1,41
1.2 1.98
2eH69 2418
4,03 4,20
.07 6.30
B.75 9,03
12.20 12.%5
16.80 17.28
23.02 23460
28.69 2R,98
AUTOCAP LUT
.36 036
48 249
«69 o7l
1.04 1.08
1055 l.bo
2.2 o9
3.37 3.51
5.11 %.29
T.38 7,63
10,40 10472
14,40 14,83
19,87 20,46
26.47 2A 494
29,44 29,54

© s RSTTRINE R

Ve PaAs FIRING NO, 1}
93*’\ 038 .L‘O .[01 0‘41 .103 .‘0—1 .a‘& .106
49 50 51 o2 54 Db o7 ebY O
oH6 69 «70 72 o 16 78 et 2 B4 B
«37 1,01 104 1407 1ledl 1,16 1,20 1.24 1.24
Let3  1e47 152 1657 1463 1,69 1475 1680 1,86
2o03 2410 2ol 2423 2629 2,37 2445 2453 2.61
2490 3,00 3412 325 3,39 3,52 3.67 3.82 3,97
4,46 4462 G4 R0 4,97 5,17 5,34 5,54 5,73 5,93
6¢59 H6.T7T 699 Te23 Ta46 T,71 7.9 5,21 8,48
Fe31 9.59 G488 10420 10,50 10,82 11414 11e47 11,82
1290 33429 13,69 14409 14650 14,93 15,38 15.83 10,30
I7e77 13429 18,88 19,38 19,97 20,56 2lt6 21.80 22,43
2437 25601 25462 26622 2605 27,28 27,74 28,17 28,54
2940 29.62 29400 29497 30410 30,21 39,30 30433 30.44
30,54 30,56 30,97 3057 30497 30,57 3056 30458 30,59

Ve PaA, FIRING NOs 2
38 38 35 39 o4 40 o4l Ry o2
bl 45 045 o4 48 48 G «50 52
55 56 58 «5Y 001 62 62 e 65 . 66
«73 o T4 76 79 e 30 84 87 « 90 «93
1o03 1405 1,07 1ell 1el5 1,183 1423 1.3 1432
1246 1249 154 159 1465 1,70 1.75 1.81 1,87
2204 241l 2417 2024 2430 2438 2.45 2.53 2.61
2e86 297 3,08 3619 3,431 3,44 3,58 3,73 3.88
4e37 453 %,72 4489 5,08 5,27 5S.46 5S.66 5,87
6s51 6.Th 6456 7420 Tetd T,70 7,95 8,21 8.48
9431 Ge61 991 1021 10652 10,89 11.13 11449 11485
1293 1332 13472 14el] 14053 16,96 15440 15486 16,32
1778 18429 18,84 19,38 159,95 20,52 21.12 2l.75 224348
24019 24493 2954 20012 26668 27,16 27463 28,04 28440
29420 29442 29460 29674 29486 29,96 30.05 30,11 30.16

Ve PaAs FIRING NOo 3
037 037 01; -40 0‘01 .42 .QZ‘ .“5 .“6
51 52 55 257 «58 60 62 e 64 s 66
» 73 o7 2 R0 + B4 HAh « 90 «93 «98 1,01
1a12 1417 1420 1625 1630 1.35 1,40 1445 1449
Lot 17l 1677 182 1488 1,95 2,01 2.09 2615
Ce3T 2ol 2456 2465 2475 2.86 2,98 3,11 3,23
3,65 3,480 3.9% 4410 4425 L b2 4459 4416 4493
548 S4BT 5HeRT 9407 6628 6,49 6,70 06,92 7,15
THBT B.13 B39 He6H B9 9,21 QeuH 979 10,009
11206 11,36 11,71 1206 12443 12,80 13,18 13.548 13,99
1526 15,73 16420 16667 17617 17,68 18,19 139,74 13,31
?l.()ﬂ 21.67 L)‘_).?‘) 22.96 23.()8 2‘4.2) ?‘4.83 850‘4(,) ;"3.(—)7
2Te35 27473 28407 28436 2Ha60 28,83 29,01 29,19 29433
29462 2969 29,75 29,78 29,80 29,32 29.83 29,85 29.85
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AUTOCAP LOV

«37 e 37

+ 45 Y.
+58 +160
.78 «81
110 1414
1.5 1.59
2,10 2.18
284 2,94
L4.15 44,30
5.9% 6K.13
B8.15 AR.,38
10.85 1)la.11
laal? 14452
18.53 13,97
4,07 24,60
28,30 2R,.51
29,58 29,63
AUTOCAP LOT
«35 « 36
«50 52

o 76 o719
1.l 1.18
1,63 1466
2.25 ?2.31
3.20 3.32
G.T79 4,96
6:.80 6,99
Q.24 Q.48
12,21 12.52
16,00 15,39
20,98 21.50
26,39 26.74
28 .86 28,96
29,36 29,36
AUTOCAP LOT
« 34 « 35
-49 «51
o71 o713
1.06 1.06
1.48 .52
2.05 /2.11
2.89 13,01
v 32 aeld
6,15 &34
H.al “.6‘.
11,17 11,46
14.69 15,05
19,28 19,75
24,86 25,33
28,14 28.29
28,97 2R,.98

38
47
61
=83
1417
1.64
2.22
3.03
64,32
8.61
11.39
lee89
1944
25¢10
28,68
29,65

+ 37
«55
«82
1.23
le74
2e38
3.“6
5.12
720
9.73
12.82
16.82
22.01
27,09
29.04
29,36

52

76
1.10
1.57
217
3.12
4e63
6.53
B8.68
11.74
15.41
20.,2¢
25.76
28 .47
29,00

L
38
e 48
62
.85
1.21
1.69
2,28
3.12
4,61
6.50
8.84
1k.67
15.25
19493
25,58
28,86
29.67

We
«38
«56
e85
1.27
1.79
2e45
3,59
5.28
740
9.98
13,14
17.23
22.54
27.38
29,11
29.37

we
«38
«54
« 79
1,14
l1.62
2.24
3.23
4,79
612
9012
12.04
15.80
20.76
26413
28452
29.00

I T ST T ARARTY R TR

Akt LR e

Gy

L s

PeAs FIRING NO, 1

o 39 40 oél
PR3] 51 e51
«63 266 o7
89 «91 94
1626 1429 1433
1074 1,79 1.84
2434 2240 2e.48
3e23 335 3,47
477 &4e93 5409
6,70 6489 T,09
907 31 9,55
11496 1226 12¢56
15462 16601 16440
20042 20692 21444
26004 26e46 26,485
29,00 29.12 29.24
2969 29.69 29,70
P,As, FIRING NO, ¢
000 ¢4 0 43
«58 «61 +62
«89 e 92 77
1e31 1.36 leé1l
1.85 1089 1.9?
253 2eb2 2470
Je73 387 4400
Set7 SHebh 55483
Te62 TeB4 Be07
10424 10451 10,77
13.“8 }3081 14015
1764 1309 13254
23407 23459 24,12
27466 27.89 28,11
2917 29421 29420
2937 29¢37 2G.,37
PoA, FIRING NO, 3
«36 o4l 41
«56 57 e60
«872 85 +87
118 1622 1424
lab6  1e72 1477
2430 2437 245
3.3 3649 3.03
4494 Sell Secb
6B Tel2 732
9e36 959 9,84
1234 12466 12,97
1619 16461 17,03
c1e27 2182 22432
26.&9 26081 87.10
PRWE? 28470 23.78
279.01 29,01 29,02
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42
253
69
097
1,37
1,88
2,5%
3.59
5.25
7,29
9,79
12.87
16,81
21,96
27,20
29,33
29,70

A
V65
1.00
1,45
2.00
2.78
4415
6402
3,29
11,05
14451
15,00
24,63
28,29
29 29
29,37

il
62

« 921
1.30
1.82
Pl
3.76
S, 44
7.52
10,19
13,30
17.44
22.85
27,36
2R B4
29,02

WETTL T I T AR e W ode ey

42
254

o 71
1,01
1,42
1.94
2,61
3,73
542
7.51
10.06
13.18
17.22
22eu8
27.52
29,40
29.71

45
o677
1.03
1,493
2.06
2.RB
4,32
6.21
8,52
11,3)
14 447
19,47
25.12
28.47
29,32
29437

A
YA

« 94
1.35%
1,87
2.62
3.90
5.61
Ta74
10.36
13.63
1768‘/
23,.,3R
21.59
28.88
29.11

043
55
o713
1.04
ledst
1.99
2,69
3.87
5060
7.71
10.30
13.51
17.64
23,01
27.80
29,48
29,71

a7
70
1,06
1.54
2e12
2e99
AN
6.39
8,75
11.61
15,24
19.97
25.57
28,60
29.33
29,37

YY)
«Hb6
97
139
1.92
2.71
4,03
5.79
71«96
10,63
13.96
18,323
2386
274,79
28,92
29,07

."“
«97

o 16
1.07
1.50
2el)Y
2476
4,00
S.77
7.94
10458
13.84
13,08
23,54
28.08
29.54
29471

0449
«73
1.10
1.59
2419
3.10
4a.63
6e60
8.99
11089
1561
20445
26,00
28,73
29,435
29.37

«48
°6R
1.00
led3
1.98
2a16
4al8
569
A1
109
1443
18,80
24,39
271,99
28,95
29,02

T

o
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A 14
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EX)
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AUTOCAP LOT

236 .36
Cah 45
.58 60
.78 .80
1.07 1.10
1.45 1,49
1.92 1.97
2.60 2.68
3.61 3.7
4.84 4,96
6.32 6.46
8.18 8.38

10.54 10,78
13.44 13,74
17.11 17,46
2176 27,23
2711 27454
30,25 30.38
31.04 31.06
AUTOCAP LOT

36 « 37
bb 45
56 57
71 73
«99 1.02
1.36 1,39
1.79 1.84
2.36 2,44
3.25 3.35
4,40 451
5,79 5.93
7.53 7.7}
9,73 9,95

12.45 12,72
15.85 16.20
20,15 20,60
25,42 25.93
29,54 29,76
30.80 30.83
AUTCOCAF LOY

« 30 37
49 «50
«69 71
«98 1.01
1.34 1.38
1,80 1.85
2,40 2.48
3,34 3,43
4,47 4,57
5.82 5.96
T.50 7.67
9.61 9.83

12.26 12.53
15.59 15,93
16.79 20.23
25.04 25.54
29,40 29,65
30,90 30.95

<37
o7
61
B3
1.13
1562
2.02
275
3.82
5.08
Se62
B.58
11.02
14.0%
17.85
22.70
27.93
30.51
31.08

» 38
nhd
458
276

| SIS
1.43
1.88
2,50
344
4204
6,08
7090
10,19
13,02
16,55
21,04
25,38
29,92
30.86

« 37
W57
73
.04
Lot}
1.88
2455
3.53
4.70
6.09
7485
10.04
12.81
16.29
20465
26.04
29.85

Pa
» 38
48
62
.85
1.16
1,56
2.07
2.84%
3.94
5.21
6.78
Be78
11.26
140,36
18,24
23.20
28432
30.61
31.09

P,
«38
46
«59
.78
1.08
1,46
1.92
2457
3.5“
4,76
6e23
8.09
10.41
13.30
16.90
21.51
26,85
30.10
3o.88

P,
.39
+53
o 7%
1.07
1.46
1.93
2.63
3.62
‘..80
Sel4
8.03
10.27
13.09
16,65
21.13
26,51
30.04
31.03

T T R R

TS T R T YRR Y L L i a e e Sl

ORI T LT TERGYY
Pehe FIRING NO, 1
39 40 o4l Y 62 «43 43
o0 8 50 52 .52 e 54 55 57
«63 65 068 .69 71 o T4 o716
87 90 «93 » 96 «99 1la02 1404
1420 1423 1427 1,30 1.34 1.38 1,41
o660 1455 1,69 1,73 1,78 1,83 1,87
2elld 2419 2,25 2,31 2.38 2.4% 2.52
2093 3403 3,12 3,22 3.32 3442 3.52
404 4al5S o226 4,37 4,49 4,61 4,72
5633 Se47 54,61 5,74 5S.BR 6,03 6,17
6693 Tell Te29 7,45 7.63 T7.81 8,00
Be98 G518 9,40 9,62 9.84 10.07 10,30
11052 11678 1203 12,30 12,58 12,87 13,15
14.67 1500 15,33 15,66 16.02 16,38 16,72
18665 19606 19,49 19,92 20435 20.82 21.28
23.69 2420 24,71 25,20 25.70 26419 26465
2Be65 2895 29,23 29,49 29.72 29.91 30,09
3070 30.78 30.85 30,90 3C.96 30.99 31,03
31.09 31409 31,10 31.11 31.30 31.10 31.11
P.As, FIRING NO, 2
39 *39 «40 el ol 42 43
048 049 o 49 51 52 53 -1
N 62 62 «65 56 «68 «69
«B0 82 «85 .88 090 .92 96
lell 115 1618 1,22 1,25 1429 1.32
1650 1454 1457 1,62 1,66 1,70 1.75%
1.98 24,03 2,08 2,14 2.,19 2.25 2,30
Ce6S 2471 2,80 2,88 2,98 3,07 3,16
364 3eT5 386 3,96 4,06 4,18 4,29
4487 4299 5,13 5.,2% 5,38 5.52 5,65
6437 6653 6,69 6,85 T.,01 7T.18 7,35
8427 8447 8,66 8,88 9,08 9,29 9,51
1065 10689 11,13 11.39 11.64 11.50 12,18
13'%8 13.90 14021 14.52 1‘0n83 15.17 15150
1729 17467 18,04 18,46 18.86 19,29 19,71
2197 22645 22,94 23,43 23,94 24.44 24,94
27,29 2771 28,08 28,43 28,74 2%9.05 29,32
30,23 30636 30446 30,55 30.63 30.69 30.73
30,90 30491 30,92 30,92 30.92 30.92 30,92
PeAe FIRING NO, 3
o 40 o4l ol e63 ) 46 o7
«S6 57 59 60 62 65 e60
79 81 B4 87 « 89 «93 ¢ 95
1,09 1el2 1.16 1,19 1.2¢ 1.26 1.30
1449 1453 1,57 1,62 11,66 1.71 1,75
1.98 2006 2,09 2,15 2.22 2.27 <2.33
2eTl 2.80 2484 2,98 3,07 3.15 3.24
3472 3eB3 3494 4,04 4,15 4,26 4,37
4a92 5.05 5,18 5,29 5,42 5.56 5.68
639 6453 6,68 6,84 6,99 T.15 7,32
8,20 8440 B8.59 8,78 6.98 9.19 9,39
10451 10474 10,98 11.22 11.47 11474 11,99
13038 13467 13498 14,29 14,60 14,92 15,25
17600 17236 17,75 1R,14 18,54 18,95 19,37
21659 22007 2254 23,04 23,53 24.02 24,53
26.9% 2738 27,80 26,18 28,52 28.85 29,113
30420 304735 30,47 30,59 30,68 30,76 30.84
31405 31.07 31,06 31,09 31.11 31,11 31.12
198



AUTGCAP LOT Qe PoAs FIRING NO, 1
43 o4 005 45 w46 47 o7 «48 49 «50 «51
D2 053 5S4 «55 s 56 «u8 o9 60 62 62 e &4
66 67 68 e 70 o 72 «73 75 .77 <79 -81 «83
86 88 590 «93 » 95 «98 1,00 31.63 1,05 1.08 1.11
1al4 1416 1420 1423 1.26 1:38 1433 1,36 1.39 1.43 1.46
1049 153 1857 1461 165 1689 14,73 1,77 1.82 1.87 1,90
1e9% 1699 2,046 2409 2414 2,20 2426 2,31 236 2.43 2449
2.57 2eb% 2.77 2.80 Ze87 2+96 3.05 3.12 3.22 3.30 3440
3449  3.58 3,67 SeT6 3BT 3095 4,00 4,15 4.25 4,35 4,44
4.55 4466 4,TT 4,87 4,98 S410 5,21 5,33 S.46 5,56 5,68
5.8l 5,94 6,06 6419 6433 6446 6.61 6,74 6,87 T.02 .18
7232 Te48 Te63 Te79 Te95 Bel2 Be27 8,45 B,62 8,79 8.96
9425 9633 9452 96Tl 9090 10609 10428 10,49 10465 10,91 1111
11632 11453 1177 11,98 12422 12:45 12.69 12,92 13417 13,43 13,68
13.94 14,20 14,47 16,75 15,03 15430 15,67 15,89 16,20 16,43 16,82
17,13 17.45 17.77 18411 18,46 18480 19,16 19,52 19,89 20,28 20,65
106 21.46 21,87 22.28 22469 23,12 23,54 23,97 24,42 24,85 25,28
25,69 26412 26,52 26489 27425 27461 27.93 28,23 28.50 28,76 28,99
29,20 29,40 29,59 29,75 29.,89 3002 30,14 30,24 30,34 30,42 30.50
30,57 30462 30,68 30,72 3075 30477 30«80 30,82 30.83 30.84 30.85

AUTOCAP LOT Qe PLAs FIRING NO, 2
.‘06 047 .Qq 050 .52 .53 054 .56 158 '60 061
63 «65 67 69 o 71 «73 076 79 81 e84 «86
«89 92 94 298 1401 1404 1407 111 lelae 1,19 1.21
1424 129 1433 1436 1,40 1a44 1,47 1,51 1,55 1,58 1,63
1667 1471 1475 180 1eP4 188 1493 1,97 2.02 2.07 2413
2.18 2,24 2,29 2435 Zeb]l 2448 2455 2,62 2.69 2.76 2485
2493 3402 311 3,20 3629 3e3B 348 3,56 3.66 3.76 3.86
3e96 4406 4,16 4,27 4e3T  Led4T G588 4,59 4,79 4,91 5,03
Selé 5425 5,38 550 5462 5275 5489 6,02 6415 6.29 6.42
6,56 670 6,86 Te00 Tel6 T3l Teb? T.64 T.79 T7.96 8412
B.29 Be47 8,64 Be82 9400 919 9437 9,57 9,76 9.96 10.15
16436 1057 10,77 10.97 11619 1164l 11463 11,86 12,09 12.32 12.56
12.80 1304 13c¢30 1356 13682 14408 14,435 14,63 14,91 15,19 15.48
1SeT77 16407 16,38 16269 16498 1731 17,65 17,98 18,32 18.66 19,03
18,39 19476 20,15 20,54 20493 21+34 2175 22,15 22.57 23.00 23.43
23,86 2429 24474 25:15 25458 2599 26437 26,75 2710 27,45 27,77
28,07 28,33 28,58 28.81 2903 2923 29,40 29,56 29.72 29.83 29,5
J0.06 30615 30,23 30,30 304,37 306423 30,47 30,52 30.56 30,59 30.61
30.62 3063 30.64 30465 30,66 30,67 30.66 30,67 30.67 30.67 30,67

AUTOCAP LOT Qs PesAs FIRING NO, 3
.104 0“5 .‘06 .46 0108 \0‘09 050 .52 053 nb“ 056
57 .54 +60 62 67 w64 66 «+68 «70 12 o 7%
76 «18 « B0 +83 +BS +88 «91 «93 85 297 100
103 1.05 1,08 1.11 1414 1417 1420 1,24 1,27 1.30 1.33
1.36 141 1443 1446 1,50 1454 1.57 1,61 1.65 1,69 1,73
1.77 181 1485 1.,88 1493 1697 2402 2.07 2411 2,16 2.22
2.2T 232 2.38 243 2450 257 2464 2,71 2.77 2.86 2.94
3.03 3011 3419 3427 3037 3s47 3.56 3,66 3,795 3.86 3.96
L4 .06 4017 “e27 437 Ges8 4e60 4,71 “.82 4494 5.05 S'l_’
5029 5S¢l 5,54 5,65 Se79 5492 6605 6,19 6.34 6.47T 6.62
6.76 6.91 T.07 Te22 Te37T T7u54 7470 7.86 8,03 8.19 8,37
8.54 B,72 B,30 9,08 9,27 G4b4l 9,65 9,83 1003 10,22 10.44
10,64 10485 11406 1127 11447 11670 11493 12,16 12.39 12.63 12.87
13,12 13.37 13462 13.88 14,15 14641 14,68 14,96 15,24 15,54 15483
16412 16444 16,75 17,06 17,37 1771 18404 18,38 (.72 19.07 i%.44
19.80 20,19 20,57 2096 214735 2175 22.17 22.57 22.98 23.4) 23.82
24,26 24,66 25,07 25,46 25,85 26422 26,58 26,89 27.22 27.49 27.78
28,02 2RSS 28,47 28.65 2B.84 28,99 29,17 29,27 29.38 29,49 29.59
29,68 29,75 29,82 2987 29,93 2997 30.00 30,04 30.067 30,09 10,10
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AUTOCAP LOT Te PJAs FIRING NO, 1
ol o4 0 iS5 045 oh6 o4 « 4B 249 50 51 052
«53 + D4 256 56 258 59 o 60 62 62 +64 65
67 69 o 71 o712 o T4 15 s 78 B0 .82 o84 «87
86 <91 «93 96 ¢99 1401 1,04 1,06 1,09 1,12 1415
1,318 121 1a24 1428 1632 135 138 1,42 1446 1449 1453
1eS€ 1660 1,65 169 1473 1477 1,61 1,86 1.87 1,93 1.98
2.03 2,08 2,13 2,19 2425 2429 2435 2,42 2,68 2,55 2.63
2,71 2,78 2,86 2.95 3.05 3.13 34,23 3,34 3,43 3,53 3.63
374 3484 3,96 4.06 4417 428 4439 4,51 4,63 4,75 4,86
4,99 5,12 5424 5,38 5,51 S.64 5,78 5,94 6,07 6,22 6435
r 5e50 6,66 6,82 6497 Tel3 Ts29 To4b 7,64 T.80 T.99 8,16
Be34 BoS3 871 B4921 9,10 9431 9,51 9,71 9.92 10,14 10.35
10,57 10,79 11,02 11424 11,46 1171 11,96 12,21 12,47 12,73 13.01
13.27 13.55 13¢84 14412 14,42 14673 15602 15,35 15,67 16,00 16433
16,68 17.03 17436 17473 1811 18430 18,89 19,28 19,69 2010 20,53
20496 2141 21,86 22.30 22475 23422 23469 24,16 24,63 25,10 25455
25.99 26439 26,80 27.13 27,08 2779 28,09 28,34 28,56 28,79 28,98
29,15 29430 29.43 29,55 2G.66 29476 2983 29,90 29,96 30.02 30,05

o S

! 30,09 30,12 30,14 30,15 30417 30417 30,18 30,18 30.18 30,18 30.18
; AUTOCAP LOT Te PJA, FIRING NO, 2
.‘05 .‘/)6 .“8 .48 .49 051 .52 .S“ .55 ¢57 058

! «60 o6O 63 64 o h6 268 ¢ 69 e 72 o 1h « 77 « 79
- .81 B4 .85 .88 .91 093 #9799 1402 1.06 1.07
3 1410 1413 1,16 1420 1423 127 130 1433 1,37 1,41 le45
1048 1452 1455 1,60 1464 1668 172 1,76 1.61 1485 1.89

1,96 1.98 2.06 2409 2416 2420 2e2c 2,31 2,37 2,44 250

. 2¢58 2465 2272 2681 2489 2498 3407 3,16 3,25 3.35 3.45
i 23,55 3,65 3,75 3.86 3,96 4407 4418 4,29 4,40 4,50 4463
i GoTh 4,86 4,98 5,11 5,23 5,36 5.49 E€,.62 5,75 5,9¢ 6.04
! DelB8 Fe32 Eeh6 6460 6,76 6091 70T T423 Te3I9 T.55 7,73

LY Ta90 R.08 8,25 B.04 B462 B.H80 He99 9,19 9,38 9.58 9,79
R $.99 10421 1043 10463 10487 11408 11030 11.54 11,79 12.04 12,29
12.5% 12480 12,08 13435 13462 1391 16,19 14,48 14.79 15.10 15,41
15,73 16.06 16441 16473 1708 17443 17.79 18,17 18.54 18,94 19,34
b 19,79 20,16 20,58 20499 21444 2188 22433 272,78 23.25 23.71 24«17
R C4aB2 25.07 25051 25491 20437 2668 27,03 27,35 27,54 27,90 2H.1%8
“‘ 28.36 2R.HT 28,75 28,92 29.05 29418 29,29 29.39 29,47 29,55 29,62
29.68 26,72 29.76 29.79 29¢R)1 29,83 29,86 29,86 29.86 25.86 29,47

b AUTOCAP LOT Te P.As FIKING NO. 3
L 46 ot N 48 oG 69 51 .52 54 « 55 57
T W59 W60 W6 W63 Wbh ohE W68 L T0 W72 W T4 JTT
b g .79 .51 B4 w87 LHY .92 » 9% 97 1400 1.02 1.04
F / 107 1oll 1413 1417 1419 1423 1426 1,30 1.33 1.36 1.40
A ' 1o 1447 1490 156 1,58 1462 leBb 1,70 1,74 1,79 1.84

' R 187 1290 1496 2.00 2406 21l 2417 2,22 2,727 2433 2439

2 W05 CeB2 2eH9 2e66 2471 2ebl 2 oY) 2 .94 R Aot Jalb 3.2%
3. 340 Jobb 3,54 .65 EEAS 3.HO 3297 4,08 G119 wetl 444
4453 0,65 4,78 44,89 5,02 5.4 B2 5,39 5,52 5.65 5079
S5.93 6,07 6422 6,38 6,51 6et7  bJB2 6,97 T 13 1.29 T.46
Teb TR0 T,99 B.15 B8.31 B«D2 A0 R.BY 9,08 9,27 G4z
Qb7 9,87 10,09 10,30 10,61 10,73 1096 1l el 11.41 11.6% 11.88
12613 12.37 12.67 12.689 1315 13ea3 13471 13,97 14.029 14.98 14,87
19,19 15.50 15481 16.14 16,47 1081 17,16 17.51 17.87 18,231 18,66
19.09 19.39 19,79 2021 20eAd 2106 2147 21,93 22,37 27.82 23.21
23473 2G4l 24,502 £95.06 29,40 25488 26027 20,62 2696 27.26 21.56
CTeB3 2R,07 28,28 2B.a7 28,66 2BsHL 28,95 29,07 294148 29.29 29437
b6 2ULHN1 29,57 29,61 P2Y9.R6 29e63 29l 29,74 2YJTH 29.T7T 29,78
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AUTOCAP LOT Ue PoAe FIRING NO, 1
Y W42 4?2 b2 ol s 45 o 45 «45 46 o7
48 45 o9 S0 51 «53 53 » DG 55 «55 o7
058 059 »60 .62 .62 063 .64 965 .6(4 .68 071
.72 o714 o 76 78 «80 +B2 B4 +«86 88 «30 «93
«95 «98 1601 1403 1405 1,07 1.10 1,13 1,16 1.19 1,22
10?_5 1028 1031 103“ 1038 1.141 10‘44 1.{4, 1050 105‘4 1057
1e6l 1465 1669 1472 1,76 1.80 1,84 1,87 1,91 1.9 1.98
2007 2407 2412 2416 2421 2426 2630 2,35 2,40 2,47 2.52
2.58 2,64 2,71 2478 2285 293 3,02 3.09 3,17 3.27 3.35
3044 3,53 3,62 3471 3481 3,90 3,99 4,09 4.19 4,30 4.39
4,49 6460 4.T70 4281 4,91 S,03 5.l4 5,25 5,36 5.48 5,59
Se70 S5e82 5495 6406 6019 6431 6444 6,56 6,68 6,81 6.%4
7407 7421 7435 7448 Teo6?2 ToT6 7490 8,06 B.19 8,34 8,50
BeHG BeTB Ba94 910 G426 942 F,58 9,75 9,91 10.08 10.25
10,42 10660 10477 10496 11414 11432 11,50 11,70 11.89 12.10 12,30
12,50 12,71 12492 13,13 13,35 13.58 13,81 14.04 14,27 14,51 14,76
15,00 15426 15451 15,77 16,04 16432 16,59 16,87 17.16 1744 17,74
18.05 18,37 18469 19,00 19,33 19.68 20,01 20,36 20.71 21.08 21.45
2) 48B3 22420 22,57 22496 23,35 23.72 244,09 26,47 24,83 25,19 25,53
25,85 26,16 26,46 26,71 26,96 27418 27,40 27,59 27,76 27.92 28.08

AUTOCAP LOT Us PeA, FIRING NOo 2
46 a7 a8 249 51 52 54 «55 «56 «58 «HOo
61 «62 W64 e 65 67 69 o 71 o 72 T4 17 « 79
«81 83 2 B6 88 «90 +93 95 «98 1400 1,03 1.05
1.07 1a11 lela 117 16519 1423 1626 1.29 1.32 1,36 1.38
1062 1,46 168 1.52 1256 1659 1,62 1.66 1.70 1,75 1.78
1eB1 185 1,89 1,94 1:98 2.02 207 2.11 2.16 222 2427
2e3) 2437 2.47 2.48 2s54 2661 26T 2,73 2.81 2.88 2.96
3.04 3.12 3,20 3429 3438 3e47 3456 3.65 3,76 3.85 3,95
4,04 G.14 6,24 6,35 G.44 4456 4466 4,TT 4,87 4,98 5,09
5,21 5,32 5,44 5,56 567 5,73 5,92 6,04 6,16 6.29 6642
6.54 6,67 6,80 6.93 Te06 1220 To34 Tl T463 T.76 T.90
Ba06 Bl9 8,34 B.49 8Bebd 8B.80 8.9 9,11 G.27 9.43 9,60
FeTT 9,93 10411 10428 1066 10663 1082 11,01 11,18 11,37 11.56
11675 11695 12416 12436 1257 12678 1300 13,23 13,65 13.67 13.91
P16 14,38 14,62 14,87 15,173 15639 15665 15,92 16,18 16.46 1675
17,06 17.31 17.62 17492 18,23 184,55 18,88 19,21 19.5%4 19.88 20./2°7
C0.58 20,95 21430 2168 22406 27642 22480 22,17 23455 23.94 4.130
24,65 25,00 25,32 25.65 ?5.94 26,22 26447 26,71 26,92 27,13 27.3]
2T .09 27.65 2T,78 27492 ?HBe04 2Held 28«2 2R,33 PHLA40 2R.4T 24,54

T N

vy

i Lt

AUTOCAP LOT Je PoAe FIRING NO, 3
J w67 il JALS! «50 52 53 YA .56 CHH 60 60
62 cSh 65 <67 70 o 72 o7 16 . 7TH LBl P Ha

86 . B9 «9} v T 97 1.00 1,0 1,09% 1.7 1.1l lalw
117 1420 1423 1426 1429 1433 13t 1,39 leusd 1a06 laavu

1 X 1.52 157 1261 1465 1R 1al? l1el6 1,80 l.ka 1,68 1,90
0 1,96 2,001 2.06 2.10 215 2ul1 2426 2,30 .36 2.0 2udk
. 2.55 2,61 2.69 2,75 2487 2.0 2e97T  3,0% 3,114 3.71 0 3.3
‘ 3,38 3.6F 3,56 3.65 3474 3eHa 3,93 4,02 4.1 w.’l 4.3}
: j 4,60 64,50 4.61 4.7l 4491 49l H,02 5,15 5H.¢0 Heduw H,ak
"ol 5.57  65.69 5,80 5492 606 Helb 6409 H.h1  E.51 6,05 bl
'i 6.90  7.03 Tol6 T2 Vel TWST 7471 T.Bae  T,9H K.l H,T
N Hotl 8,56 Be71 8,87 9401 Sell 9eda 9,69 9.nn  S.R]1 9uuk
o JOL16 10632 10,90 10467 10485 11403 11621 11,40 11,59 1178 11aw7
{,«f 1218 1237 12459 1240 1307 13¢03 Lo 13,68 13,91 luala la, by
Pt 14,62 14,85 15,11 15436 1946 15,89 16,10 16,04 16,71 16,99 17,207
e 17,55 17.86 18,16 1haa8 18,90 19413 194 19,79 20013 20049 20,41
s, }. 21,70 fl-‘?? Sle¥? 22429 Cleb T 23,046 2.l 23,78 N4 .04 Dh e 2a MY
ﬁﬁt CHel7 2@l 25076 76404 610 26053 Fol 4 Ihgva Ml 2.0 2t
;‘,i CT.61 AT, 13 2T RS 27,97 AHG0T Zhedlh 2R ST 28,31 Ph AT CHabaa SR G
. % 201
%
|
A
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AR B A AL Ahe bt

45
o7
62
o T6
«92
1.15
1.45
1,84
2,33
3.00
4,07
S.65
7.61
9,87
i2,88
16,87
22.26
28,51
31,33
31.66

@‘06
¢33
.62
76
1.00
1,31
1.73
2.33
3.23
4,58
6.28
R.29
10,51
14,27
18,86
264,99
30,03
31.46

46
.53
62
.76

« 93
115
| Yo
1.87
2.38
3,09
4,30
S92
7.81
10,31
11,40
1765
2,37
29,33
31 .55

ATV T TR s
AUTOCAP LOT Kse PeAe FIRING NO, 1
ohbe bt 045 « %5 s 45 045 246
«43 ol YA b4 45 «45 o6
«S1 53 » 55 256 +58 60 62
.68 069 .70 972 .72 074 .75
81 83 84 «85 87 «89G %1
1,00 1402 14064 105 1487 1410 1.12
1.25 1028 1.30 l.33 1.36 1039 1043
158 1461 1,66 1,68 1.72 176 1480
2000 2.0“ 2.09 2.14 2018 2elh 2029
2256 2.61 2,68 2,72 2,7% 285 2.92
331 3,40 3450 3,60 3.72 3.8B4 3,96
4,60 4,75 4,88 5,03 5,19 5.34 5.49
he3l 6447 6465 6483 T402 Te22 Te&l
8.33 8454 8474 B8.96 9,19 9.40 9,64
1087 1112 11440 11468 11,96 12425 12.55
14,21 14456 14.91 15,28 154,67 16+04 16,46
18.64 19,12 19.60 20,13 20463 21416 21.71
24,60 25,21 25.81 26,38 26,734 2751 28,04
30,05 30,33 30,58 30.79 30.96 31l.11 31,23
31,58 31462 3165 31465 1,66 3166 31,67
AUTOCAP LOT Ke PsA, FIRING NO, 2
43 44 44 o 45 Y 046 246
01‘9 .‘09 .49 .50 051 052 052
056 .56 .58 .59 -'59 Obo .6'
«66 «67 - 68 70 o7} 73 s 715
.84 «86 «88 «90 082 +95 e 97
1.09 1412 1,15 1,18 1,20 1424 1,27
les 1447 1450 1,54 1,59 1.64 1,68
193 1499 2.05 2,10 2.16 2.22 2.28
2461 2,69 2.75 2.85 2,94 3.03 3,12
3.68 3.78 3691 4404 4617 431 4.44
Sea15 S5.30 5445 5,62 5,78 5495 6,10
Te00 7413 7433 755 7472 7490 B8.09
917 9.40 G.bh4 9,89 10,16 1040 10.65
12.00 12.29 12.61 12492 13425 13459 13.93
1S.79 16,19 16,61 17,02 17445 17.91 18.37
20,91 21.46 22,02 22.61 23,19 23478 24,40
27,28 2779 28427 28.7C 29,07 29444 27,76
30.86 3098 31410 31.20 31,79 3137 Jl.ap
AUTQCAP LOT Ke PoA, FIRING NO, 3
o‘l‘e I“:} .‘i} c":; 0‘0“ by -‘0‘5
49 49 «49 «50 51 51 52
+55 =57 207 08 « 59 « 60 62
« 66 .68 69 a 71 o 17 o713 o 75
.81 « 82 «Ha « 85 08 «8Q N
1,00 1.02 1,04 1,06 1.0°8 110 1412
126 1429 14372 1435 137 1640 1.44
1.60 1,63 1.67 1.71 1.75% 179 1,83
2.03 2.08 2.14 2.18 2,23 2.28 2,33
2,62 2467 2,746 2,80 2.R6 2.9¢ 3,0)
d.ab 35T 34AT 379 3497 404 417
4484 899 5,16 H5.28 bHosa SHan0  S.75
HaHy h.,? ().Q‘,‘, 714 T¢§0 Tede Te613
Hob3 R, Be Sl “o34 9,57 9Ye#l 10,04
11030 11461 11,84 12,019 12.69 12.80 13,12
164,83 15.21 15,60 15,99 16,19 leaerl 17,73
1“).‘0(‘ ‘.Q.Qq ?0.“1 Pl.O"u r\l.(\..‘ .")(\»() ?Pc’ﬂ
CHGTT Che3b 20a92 FTaal 2190 2HedH 2892
JO.56 30477 30494 31011 31,26 31.38 31.40
202
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PRI RRA AT

45
47
264
o717
294
I.18
1.48
1.88
2439
3.06
4.21
5.81
T.78
10.12
13.20
17.29
2284
28496
31.43
31.66

47
54
63
«78
l.02
1434
1.77
2460
3.34
472
6.06
8.51]
11.16
14.64
19.35
25.60
30,27
31.50

AT
IF):’
I()i‘
«78
94
1.18
l.“q
1'91
2elety
Jelt
Gau?
6.08
8.00
]0*%’(\-
13.79
18.10
2deu7
26T
3161

-"5
49
66
«79
95
1.20
1.51
1.91
2044
3.14
4434
5.98
796
10,37
13.52
17.72
23643
29.37
31.48
31.65

«48
«55
«63
«80
1.064
1.37
1.83
2.47
3.44
4.85
6ob4
8,72
11.44
15.01
[9.85
26.18
30,49
31.53

a7

« 5S4
64

. 78

« Q6
1.20
1.53
1.95%
249
.26
4456
A}
He20
10.83
la.1)
18.54
CheHT
30.01
1l.66

bl
S0
67
«80
97
1.22
1.54
195
2650
3.23
4.7
6e 3
8,13
10,62
13.86
18.17
24,01
29:.74
31,53
314,65

048
«56
«65
«81
107
1e490
1.87
254
3.56
4499
6.82
8.94
11.71
15,40
20.38
26,75
30.67
31.56

48
«54
65
«80
+98
1,23
1.56
t .99
Ze5h
3\0 "h
4470
[ Vet
Aeisl
11.06
| R
18.99
&‘”‘3. 1 7
30.30
31470
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REFERENCE LOT K FOR LOTS(R=S=VY=u}, Py.As FIRING NO, 1
. 36h «38 e 3R »39 « 39 «40 o] o“l s a3 o ithy
A 46 7 48 69 «50 51 052 YA 255 57
.58 « 59 e 61 62 63 65 en7 .69 o 71 W73 o 75
.78 +80 82 .84 A7 « G0 292 .96 298 1,01 1.04
SR 1,07 110 1413 1417 1620 1624 1,27 1.31 1.35 1.38 1l.42
TR 1,46 1449 1.53 158 lar?2 1:06 1671 1,76 1480 1,86 1.88
SO, 193 1,98 2403 2.08 24,14 219 2,26 2.29 2.35 241 2.67
kR 2.54 2,61 2,68 2,74 284 2.92 3,01 3,12 3.21 3.32 3.43
3.5 366 377 3,90 G4e0)1 Lel4 4427 4,40 4,53 4,67 4,890
4.95 5,10 S.4 5.40 S5¢56 5472 SaBe 6,04 6,22 6,40 6,57
65e75 6492 Toil T30 7251 771 7,91 8,12 8,33 8,55 8.78
, B.99 9,25 9,49 9,746 9,98 10424 10,50 10,77 11406 11.33 114,62
1191 1223 1254 1286 13419 13454 13,90 14,27 14.64 15,01 15,42
15,83 16,24 16467 17410 17455 1801 18,49 1R,97 19.46 19.99 20,52
21606 21.63 22.19 22.76 23435 23.92 2445 25,15 25.73 26.30 26.85
2735 27.85 28.29 28,72 29407 29+41 29,69 29,96 30.19 30.38 30.56
! 30,69 30.82 30.93 31.0) 31«07 31,13 31.18 31.21 31.23 31.25 31,26

: : REFEREMCE LOT K FOR LOTS(R=S=V-W), Pa.As FIRING NO,., 2
- ! .35 37 e 38 .38 «39 eal sG] 02 a3 45 Y
‘.ﬁ J 046 0“8 0“9 050 .5? 053 054 055 DST .Sg .60

! 62 64 +65 67 069 72 o713 75 o 78 «80 o83
! .85 .88 291 94 «87 1.00 1,03 1.05 1.09 1l.12 116

1619 1623 1426 130 1434 16037 1loe4l 1,46 1,49 1,53 1.57
o 1662 1666 (.71 1,75 1,80 185 1.89 1,94 1,99 2,03 2.08
‘JA'EY 2.1“ 2.20 80?6 2030 2.37 20“4 2.50 2.58 2.66 2073 2081
' 2.91 3,01 3,11 3,20 337 3442 3:56 3,65 3,76 3,88 3.99

“.13 Q.ES “.37 4.51 4.55 “079 4.94 5,09 5022 5.38 5.53
‘ 5469 G,85 6,02 6,17 635 6.53 6.7 5489 T.0T7 T27 T.46

TebT 7487 8,09 8,30 852 B.75 8497 9,20 94,45 9,069 9,95

10,20 10447 10,74 11,03 1179 1159 11,88 12,19 12.51 12.84 13,16

13052 13,87 14.22 14461 164499 15438 1578 16,21 1663 17,07 17.50
Lo 17497 18,44 18.93 19,41 19.94 2046 21,00 21.956 22.11 22.69 23.28
BRI 2387 24,45 25,04 25,64 26470 26475 2742 27,73 28.16 28.56 28,93
SN 2923 29,53 29,79 30.01 3070 30.35 30,57 30,62 30.73 30.82 30.89
g?- 4 30.94 30.99 31.03 31,05 .06 31.08 31.09 31,10 3110 31,11 3l.11
- 31,12 31412 3112 3112 e1? 3112 3113 31,13 31,13 31.13 31.14

REFERENCE LOT X FOR 1 OTS({K=S=V=-W), PeAse FIRING MO, 3
. ~‘ 03“ u3q u37 'JT .30 !100 .(‘l .402 o“q .“"0 .46)
."' -“H -“g .5] .5? 0““4 056 .L)’ .59 oé‘l .68 -65
h 67 e 19 1 o T4 o T o719 o «85 827 « 30 «93
f*‘. e e 99 1.03 1.09 1.0G 113 1.16 1.20 1.24 1.28 le32
g ) 1.35  1.39  je04 1,07 1491 196 1,60 1.65 1.69 1.74 1480
S J 1,86 1,88 1,96 2,00 2.0h 2412 2.18 2,25 231 2,38 2.46
3 C.54 2,63 2.1 20 2490 F.00 3.10 3,721 3.31 Jos2  3.54
R , 3.69 1,76 3.HA 4,00 4413 426 4419 4,53 G.67 4,80 4,9%
BN ‘ 5,09 95,28 5,40 5,55 H4e70 5487 6,04 6,21 6,37 6.5% 6,74
_{1" 3 6,97 7e11 T.130 7.51 771 7.91 Hel? AL34 B,%6 H.79 9,07
) PR * 9-27 QOSO qn’b 10000 on?h 10058 10079 1]1ﬂh ll-J6 ll.bb ‘1.95

12.27 12459 12492 13426 1340 13456 14,33 14,72 1508 15,50 15.91
16,36 1AT7T7T 17,20 17.65 18417 1860 19,09 19,61 20413 20.65 2120
LLoTT 22,31 82490 23449 2407 24s66 25,22 25,19 #t.31 26,83 217,30
2T.76 28,13 28,57 2R.86 9,15 29,41 29.64 29,84 30,07 30.18 30,30
3041 30,52 30099 30465 Y0470 30475 20,78 30,r1 30,83 30.4% 0.8
J0.n6 30,88 30,89 30,90 30,90 30491 30691 30.91 30,97 30.492 30,92
30 3093 10,93 30,92 10493 30493 3094 310,94 30,%3 30,93 30.94
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.36
Y]
«61
8

| R e
1.597
205
2.75
3.A9
5.37
7.25
9.66
12.76
16495
22.54
28,43
30.76

037
AN
.55
o7l
.96
1.29
1.73
E.2H
3.06
4,32
5.91
T.93
10.52
13.89
14,39
24,23
29.07
30.47

03\“
P35
«63
+89
1.22
1.64
Colh
. L
4 G4
Setd
T.64

Co iDel?
¢ 13.36
1 17.68
; 23,36
! CH. 45
30,15

W;

REFERENCE LOT K FOR

Rt

NPT

LOTS(P=0=T=U),

« 37 « 38 38 « 9 040

« 48 e &P + 50 R 52
ab? [t .6() uﬁH ,f;()
«B6 «8G «92 s Gh «97
lo18 14272 1.26 1,70 1.33
1201 Ja66 1,70 1474 1,78
2410 2415 2,2) 2.27 2.32
7«83 2,92 3,03 3,12 13,21
4,00 4413 4,26 4.7 4651
Se53 H.6R 5,84 6,01 6617
7.105 7.6"; 7.85 8007 8.27
Q.91 10416 10,43 10469 10.97
13.09 13.44 13,79 14e16 14,52
7438 17485 18,32 18479 19.30
23412 23.71 26,30 24,88 25441
29.“\2 29413 25,44 29,68 2992
30483 30,90 30,93 30,67 31.00

KEFERENCE LOT x FOR LOTS(P-~-OQ~T=U),
+38 «38 «38 « 136 24
045 45 246 vGaP w48
56 57 »59 «60 62
'73 '74 077 .7") .81
+99 1401 1.04 1eC7 1409
1633 136 1040 1ledd  1e47
1e77 1,82 1487 1460 195
2031 2436 2643 2449 256
.15 3425 3,35 347  3.57%
G4 olb4. 4457 GoTl b e R4 4499
Hel6 Ha24 6,42 6,58 6e76
Rel3d Be36 B.57 HRO 9.02
10.78 11.06 11,33 11462 11.92
14425 14462 15,00 154,39 15,78
1R.87 19437 19,87 204,28 2091
Ch o8Bl 25438 25491 26642 26490
23432 29452 29471 79,86 30401
30.50 30454 30,55 30457 30.58
REFERENCE LOT K FOR LOTS(P=0=T-11) ¢

« 36 « 37 38 « 9 e 40
-"H o“(‘) 050 .c,? o‘)“

s O& 067 ohq -71 o 14

e 92 « 94 «97 1,00 1403
1625 1429 132 136 1440
1.6 1o72 1476 1480 1485
2el9 2425 2631 231 Zebl
3,06 3,131 3.23 3.7 3e45
4626 44,39 4,52 Lo b welY
S.Ha ‘:.\.0] b-l7 6439 6e™0
7 ¢34 8.95 FalS HBea? Heb69
ANe38 10,84 109 11419 tlanl
1369 14.05 laeal 14,759 1918
14913 LEGEL 19,08 19457 22409
231s91 2906 25,02 25.55 26400
SRGTS 28499 26,20 29,39 29.55%
35,20 30422 30425 30,27 30429

‘).A.
oil
o0
P

1,00
1,37
la817
263
3.3?
4465
6435
Be49

11,24

14,90

19,80

26,05

30.13

Pehie
A
o 49
W62
+ 83

1.12
1451
1,99
2.63
3.70
Hela
6o
924

1225

16,18

2l ehs2

27434

30613

30,58

pOA.
241
.bs
o 15

1.0%
letts
1.88
Ceb?
1299
G4 a4
6.069
Hev2
ite?7

15.97

20461

26.5‘%

294,70

30430

FIRING
Y

P )

o T4
1,03
ledl
1,86
2. hh
3,43
4,79
heD?
R,71
11.5°2
15,29
20.31
26,58
36,30
31,03
FIRING
ol

« =0
64

» 85
116
1.55
2,04
2.1
.82
S.28
Tal2
9,50
12.54
16,61
2200
27,78
3C.2°
30,99
FIRING
42
«eH6

« 19
1.08
1,46
1.9¢
C’ohl
J.66
H.08
6427
9.16
12,05
15,98
21.13
26,99
P I S
BIOMRY]

NO. )
o‘-’:;

e 7
a7t
1.0%
1.49
1.9C
2,57
354
4,92
6.68
8,95
11.683
15.69
27410
30."‘0
31,04
NO, ?
4?2
«©1
o5

« 88
1.19
106”.‘5
2406
ca18
3.623
See3
7.32
9,74
12.86
17,06
22.55
?8.15
3C,30
30459
NOo 3
.L'E
«HH

« 8O
1.12
1.50
1 9R
2.bR
.77
Se23
?.Uc_)
9436
12636
16,736
2lat7
Pleuy
23,93

30,32

S

ok
.c)8
)
1,04
l.48
1.96
259
3.65
5.07
6,87
9.18
12.13
i6,07
2l 41}
27.58
30,57
3ia0«

43
52

o 67
«90
l1.21
l.646
2.15
2,87
4,06
S.59
7.51
10,00
13.16
17,47
23.12
28,451
30437
30.60

A

PN

RG
1.1%
1.9%
2,03
Celt
3.90
S e37
1.2%
5463
12.68
159.81
2221
2T.80
30,01
30,32

a5
59
«81
1.12
1.52
2.00
2.67
3.77
5.21
7.06
Getal
12.44
16,52
21,97
28,05
30467
31.04

43
«53
«69
293
1'2‘-)
1.68
2620
2496
4419
S.75
T.72
10424
13.53
17.92
2367
2E .80
30.43
30,60

-‘105
+H2
86
lllR
)OCJQ
2eCH
2 eRY
4,00
5«‘)3
T o4
G.R6
13,02
17.24
224178
2814
30,09
30.32
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PKOPELLANT DRIED GRAIN DIMENSIONS MULTL PLR
N e (- 3e) /1
SINGLE PERF e (03 174
0 J A~ (08y =
¥ . 0p0
YT wese (0-d) /2 - R
L~
erop- b= NMominal Weight
Perf Sys Chg ct L(mil) D(mil) d{mil) W(mil) of 100 graing
== =1 AR oz)
- Ml SP 105mm Mé67 201.6(3.6) 45,8(1.1) 19.3(.53) 13.2(.71) 0,0242
) M1 MP 105mm M67 318.1(1.4) 142.1(1.5) 14.6(.32) 25.2{.40) 0.41?
i Ml MP 10 5mm M393 435.2(3.9) 194.9(3.9) 16.6{2.2) 36.8(2.8) 1.105
; Ml SP 155mm M3Al 224.0(.94) 51.4(,63) 19.2(.60) 16.1(.38) 0.0358
' i Ml MP 155mm M4A2 434.6(5.2) 192.8(3.3) 15.6{(.70) 37.1(.9¢C) 1.084
i Ml MP 155mm XM164 320.° 142, 14. 24, 0,423
3 Ml Sp 8" it 225.6(2.0) 50.5(.50) 18.9(.68) 15.%9(.28) 0.0348
; Ml MP 8~ M2 538.0(16.) 229.6(2.1) 20.6(.6%2) A42.0(.47) 1.804
.
4
‘ M6+2 MP 76mm M496 672.0 292, 31.6 50.1 3.1722
¢ M6 MP 105rm M327 369.3(1.6) 167.1{2.9) 17.0(.25) 29.4(.67) G.686
M6 MDP 155mm M119 715.0(2.6) 308.1(1.3) 27.5(.50; 56.4{.50) 4.5%6¢€
M6 MP 175mm M86A2 1024, 439, 44. 77. 13.16
MlC SP 5 7Tmm M236 144.1(2.8) 49.9(.87) 16.1{(1.5) 16.9¢(.49) 0.0244
4 M26 MP 106mm M344 515.2(3.9) 220.4(1.4) 22.4(.52) 38.7(.23) 1.707
P M26El MP 152mm M409 448.5(2.2) 200.6(2.2) 17.8(.40) 37.5{(.50) 1.254
M30 MP 76mn M339 791.8(5.7) 329.0(4.4) 32.4(.50}) 57.5:.33) 6.093
\ M30 MP Y0mm M353 7 1036.3(11.) 438.1(3.2) 51.1(.74) 7..0(L.0} 13.72
:
% M30 MP 10 S5mm M392 662.9(4.1) 277.4(1.4) 3si.2\.42) 45.9{.48) 3.524
b M3C MP 105mm M456 782.2(3.2) 326.8{(4.4) 37.2{(.43) 53.6(.62) 5.795
; M30 MP 105mm M724 401.0(2.2) 169.0(1.3) 15.3(.92) 3).3(.74) 0.824
g M3C¢ MP 155mm XM119 796.1(8.6) 330.7(4.8) 34.6(.55) 56.7(1.5) 6.13
) M30Al*MP 155mm XM201lE} 783.4(6.9) 326.0(06.7) 35.6(.45) 55.3(.25) 5.82
L M30Al*MF 155mm XM2Q3E2 943.Y 421.3 34.4 80.3 12.i8
e M30Al*MF 155mn Stick 29 inches 237.7(10.) S8.7{(1.7) 89.3(4.6) 117.4
M30AL*MP 6" XM188 1117.4(11.) 491.5(4.3) 48,1(.48) 86.1(.92) 19.21
M30A1*SP 105mm XM121 288.5(3.4) 60.0(1.9) Z0.5(L.6) 19.8(.88) 0.0700
- M30A1*MP 105mm XM121 627.5{19.) 265.4(2.0) 31.3(.42) 42.9(.60) 3.043
M30A1*MP 105mm XM200 597.1(44.) 259.4(16.) 23.2(4.3) 48.0(3.3) 3.802
I i L0723
) M8 Shaet 4.2 M36Al $ o 028
: 2.5 O,
N 1K Y05 WIS P, Nominal Densities (g/cm3\
W : _ A e 1231 T4 S T
: ] Single Base: MI, M6, MID M6 1.58
i Pouble Base: MB, M9, M26 M10 1.67
Trig-le Base: M30 * W/1% lead carbonate M26 1.62
M30 1.¢8

I adi
~ st

]

Mean and stanlard deviation () given for average values reported
for about ten production lots.
Inner-outexr web difference/web average for within lot variation
veries from about -{ to ~13%,
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