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1.0 INTRODUCTION

This progress report covers the period Decegber 1, 1979
through January 31, 1980 under Contract DAAK10-79-C-0040. This program
is for the design and development of the XM746 Practice Fuze Spotting
Charge.

In the month of December, (18th and 19th), ballistic
testing of thg Practice Fuze Spotting Charge was conducted at Ft. Lewis,
Washington.

1.1 Object of Test

The primary objective of the testing was to determine
which of the three spotting charge candidates, MOD 'iEi'. ORI or MBA would
reliably produce the best visible smoke cloud in a muddy target area.

1.2 Hardwvare /

6—;11 spotting chargoi were loaded into XM747E2 fuzes and
assemblied to the four port 155mm, XM804 projeccile‘ﬁﬁ Figure 1).

C>'rhe sw522 (oD "E™) and ORI composition was contained

within the fuze, W The MBA configuration was assembled,

as shown in Figure 3, (see Table 1 for fuze configuration and Tables 2 and J/

4 for composition).

The weapon used was a 155mm Howitzer with M4A2/5 charge.

1.3 Testing Matrix

The first phase was to eliminate either the MOD "E" or
ORI spotting charge based on their performance; the best performance
(MOD "E") was carried forward to Phase II testing along with the MBA
spotting charge. The Phase II testing yielded a final candidate for
further evaluation in Phase 1III testing, see Table 3.

1.4 ' Test Set-Up

To obsarve and score the spotting charges, F.0. (forward
observers) were stationed at 2000 and 4000 meters for Phase I and 1800

ﬂfc P‘S
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FIGURE 2
MOD “E* AND ORI CONFIGURATION




12" LONG SW522 ~ 27 GRAMS
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FIGURE 3
TiCL4/MOD “E” CONFIGURATION




TABLE 1

XM747
FUZE CONFIGURATIONS

(YOR FT. LEWIS TESTING)

M739 MOD Description
Description

MDE ia Jtmdatd M739 Puze with cap, cross bar holder assembly,

Ml Delay Plunger, safe/army assembly and explosive
booster removed, loaded with 47 grams ARRADCOM pyro

mix SW522. Table 2 for composition.

A:t-d\"/_\‘é-. fuze as MOD E except SW-522 smoke composition
replaced with a red phosphorous composition.

See Table 2 for conpocf.o’n/
e

> MBA “e Z )g imilar to MOD E except smoke charge consists of
titanium tetrachloride (TiCl,) a cold smoke

composition vhich is cxpclleé from the fuze body
by an ARRADCOM MOD E smoke ejection charge.
See Table 4 for composition.
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TABLE "2

=322
_ Isgredient % by Wt. Specification
Zinc Dust 40 +1 JAN-2-365
Potsssium Perchlorate 20 + 0.5 MIL-P-217A, GrA, Clé
Potassium Nitrate 20 + 0.5 MIL-P-15613 C1 2
Aluminue (Atowtsed) 20 + 0.5 MIL-P-14067A Type II
ORI
Magnesium 17 MIL-P-14067 Type I
Sodium Nitrate 17 MIL-S-3228, GrB
Phosphorous, Red 63 MIL~P-Z11A, Cl 2 v
Zinc Oxide 3 MIL-2Z-291C GrA C1 1 3
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LA - QE: 522 mis
HA - QE: 1064 mil

TABLE 3
TEST MATRIX




TABLE 4

TITANIUM TETRACHLORIDE -~ TiCl

PRYSICAL PROPERTIES

Chemicsl Pormula
Moleculsr Weight
Color, Yorm

Malting Point

Boiling Point

Specific Gravity (20°C)
Density (lbs./gal.)
Stability

TiC1,

189.7

clear 1liquid
-30°%
136,4°¢C
1.726

14.4

decomposes in the presence of
moist air

SEECIFICATIONS ston chigan Plant

Titanium, wt.X
Chlorine, wt.%

Color

Metal Analysis, ppm
Tin (Sn) 10 max.
Alumioum (Al) 10 max.
Iron (Pe) 15 max.

Vanadium (V) 10 max.
Silicon (S1) 10 max.
Copper (Cu) 5 max.

| SATETY A BANLING

25.0 minimum
74.0 ainimum
50 maximum

Chromium (Cr)
Antimony (Sb)
Arsenic (As) 1
Lead (Pb)

Nickel (Ni)

wreOoOwWn
L]

Titanium tetrachloride must be maintained under inert atmosphere.
Nitrogean containing less than 10 ppm oxygen is recommended. Expo-
sure to moisture in the air generates hydrochloric acid and titanium
dioxide. Rafer to the titanium tetrachloride "Product Safety Infor-
mation” sheet for safety information, and to the Stauffer brochure

"A Guide to Cylinder Unloading.”

TEE ABOVE INPORMATION REPRODUCED FROM STAUFFER CHEMICALS PRODUCT




and 2000 meters for Phase II and III testing. The F.O. were a mix of
ARRADCOM, Ft. Sill, Ft. Lewis, Chamberlin, MBA and Yuma Proving Ground
personnel, see sttachment A.

The scoring system for Phase 1 was complex. Two F.O's
used a nunber system and 5 F.0's used an alphabetical rating system
which related as follows: 1 & U = unobserved, 6 &§ E = excellent. For
the balance of the testing, F.0's used a numbering system 1 through 5 where
1 = unobserved and 5 = excellent. The spotting charges were fired in an
alternate order, MOD "E", ORI, MBA.

— 1 e

The tests were recorded on video tape and 16mm camera as
follows: Phase I, 16mm camera and video at 2000 meters and video at
4000 meters. Phases II and III, video at 1800 and 2000 meters and 16mm
camera at 1800 for the first part of Phase II.
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1.5 Weather

Rain was quite persistent for the two days of testing.
The weather conditions listed below were submitted by Ft. Lewis.

Temperature Bumidity Wind Direction Wind
from (True) Speed

e AR

18th. 1100 51° 89%

- Calm
1200 sz: 892 - Calm
1300 512 922 - Calm
1400 52 : 82% - Calm
1500 51 862 120 4 Koots

1100 o 77% zoog 8 knots
1200 35 802 180 10 knots
1300 535 832 zoog 10 knots
1400 53° 80X 2100 10 knots
1500 512 85 . 2007 8 knots
1600 S0 89% 190° 4 knots

89% 4 knots

1.6

The Phase I testing went as planned on December 8, 1979, with 1
eight each of MOD "E", ORI snd MBA spotting charges fired at a low QE of ¥
522 mils.- There were 4 7.0.'s at 2000 maters and 3 at 4000 meters.




Based on the scoring of the 7 F.Nn's (MOD "E" 174,
MBA 143 and ORI 122, summarized in Attachment A), the ORI spotting
charge was dropped from further testing. The smoke clouds for MOD "E"
and MBA, when observed, appeared similar in intensity and duration (see
Figure 3). The flashes observed were judged poor to none for both

configurations. Low pPriority was placed cn the flash due to the fact

that it is a night training requirement.

For the Phase II testing, the F.0's at 4000 meters were
moved to 1800 meters due to the poor visibility and difficulty in spotting
the smoke cloud at the extended range. In total there were 4 F.0's at
1800 meters and 7 F.0's at 2000 meters. No Phase II and III testing was
conducted on December 9th.

In the first part of Phase II testing, 8 each MOD "E"
and MBA fuzes were fired at a low QE of 522 mils. The MBA spotting
charge, with the exception of one round, displayed a smoke cloud which
was judged to be good to excellent in both cloud size and persistence.
The MOD "E" performed much better than the Phase I testing but was
scored significantly lower than the MBA spotting charge. See Figure 5
for a photographic comparison of the typical cloud size.

In the high QE (1054 mils) portion of Phase Il testing,
the MOD "E" and MBA spotting charges performed pretty much the same with
many unobserved and relatively poor smoke clouds. The poor performance
was not totally unexpected, Static testing at MBA in September 1979
showed the function time of the MOD "E" spotting charge to be an average
of 2 ms and MBA to be 2.5 ms, from ignition to display of smoke from the
projectile smoke ports. Analysis suggests that on soft ground at high
QE's these times are equivalent to, to slightly longer than, projectile
burial time.

. Figure 6 presents ARRADCOM's estimate of the worst case,
most rapid Burial condition for the 155am projectile in question. This
condition exists in deeply saturated light sand soils. The ARRADCOM
model predicts coverage of the smoke ports located 19 inches back on the
projectile, 1.8 milliseconds after impact.

10




SMOKE CLOUD
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SMOKE CLOUD
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Based on the total scoring of the Phase II testing, the
MBA spotting charge was selected for the Phase III testing. Due to the
poor performance at the high QE firing, it was decided the Phase III
firing would be conducted at a low QE of 522 mils.

The Phase III testings were mixed. Three out of the
nine firings resulted in smoke clouds judged good to excellent. The
remaining six rounds yielded mixed results reported by the observers,
per Attachment A, they ranged from fair to no visible smoke cloud.

Rounds 1, 2 &§ 3 of this test series were assembled to
projectiles with 90° ports. '

1.7 Conclusions

The smoke clouds produced by the MBA spotting charge,
particularly in the low QE Phase II testing, were judged to develop the
superior cloud. BRowever, due to the inconsistent performance of both
the MOD E and 11014 spotting cha ges, further improvement is need.
Design requirements to achieve function time repeatability need to be
better understood. Quality control and manufacturing methods need to
be reviewed in detail and upgraded, or otherwise changed, if it is
determined they are csusing inconsistent spotting charge performance.
Environmental testing should be undertaken to establish the effects, if
any, on fuze performance after T&H, transportation, vibration, etc.

1.8 Data Reducation

Figures 7 through 17 show the 90X confidence envelopes
for each of the fuze tests with the composite of MOD "E" and TiC1,
fuzes shown in Figures 8 and 9. All data has been normalized by
averaging the evaluation with the number of observers, adjusting the
evaluation to a common scale, and using zero for a non-visible cloud.
The cloud observations are scaled from 0 to 4.

A standard procedure, see Attachment B, was used to
determine tha statistical quantities for 90X confidence. The curves
can be interpreted as follows: The cumulative distridution shows the
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Figure 13 - MOD "E" Phase II Low Angle
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Figure 16 - MBA Phase II Low Angle
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Figure 17 - MBA Phase I
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number of fuzes that will either exceed or be less than a certain value.
Using Figure 10 as an example, the intersection of the lower curve with
zero, (20), shows the cumulative number of events that would -not yield
visible results or conversely, 100 less the intersection value which
will give visiBle results, Becsuse the curve is the 90% confidence
envelope, this condition is stated as follows:

"You can be 902 confident that 80 times out of 100 the
observer will see a cloud.”

These results for each individual test and the MOD "E"
and TiCla composites are shown in the bar chart of Figure 4.

The center line between the 90X confidence lines is
included on the figures because it represents the average line or 50%
confidence curve, The test points are ordered in increasing values and
plotted on the figures using the procedures given in the reference,
Note that, for the most part, all data points fall within the 90%
confidence envelope and that approximately 50X fall on either side of the 50%
confidence curve,

The ‘composite 90X confidence performance of the MOD "E"
and the '!iCl4 configurations are approximately equal, The MOD "E" has
a lower average observed intensity, but also a lower dispersion about the
average than the TiCl4, which yields good high confidence values. The
TiCla. although some 40X higher than the MOD "E" in average observed
intensity, experienced a lower reliability and, therefore, a higher
. dispersion. It can be expected that with reliability improvements, the
%f‘ TiClA configuration will show much better results, For instance, if the
'l':l.c14 reliability is improved to match the MOD "E" configuration, some

92 out of 100 of the TiClk clouds would be visible at 90X confidence. 3
1.8 Contract Add-On "‘

In the month of January 1980, MBA was informed of a
contract add-on for $9,250 for 576. XM747E Practice Fuzes, for additional
testing at Ft, 8ill and ARRADCOM,




1.9 Plans for Next Period
= B Fabricate and assemble XM747E fuse assemblies for shipment
on February 29, 1980.

1.10 Expepditures
Expenditures for January 1979 through Jamuary 1980, $89,500.
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y - 1S TEST RESULTS
FUZE, PRACT XN747E-, PROJ 155MM, XMBO4

(1550 HOM MIT4AT - CHG MAA2/5)
SATE "o RNG OF \
EC? QN 2 ARE/SENE ~ PROJ MOD Q€ OBSER (KM) RESULTS
' PHASE 1
s €2/€ 4-Hole LA 1.8 FAIR TO GOOD SMOKE & FLASH
11 8 E2/0R1 " LA 10 POOR SMOKE & FLASH (ELIMINATE IN PH I1I)
. 8  E2MBA . LA FAIR SMOKE, NEGLIGIBLE FLASH
(3 w» - moT2 LA 4.0 CONTROLS
pHASE 11(1)
8 E2/E 4-Hole LA 1.8 POOR TO FAIR SMOKE
1 (] E2/MBA . HA T GOOD TO EXCELLENT SMOKE (';'%ct FOR PHASE
() 8 E2/E " LA POOR SMOKE
8 E2/18A HA POOR SMOKE
3 739 Mo7/T2 % “L: | 2.0 " CONTROLS
i o(2)  g2nma 4-tiole LA 1.8 POOR TO FAIR SMOKE & FLASH
S 1 E2/E " LA . POOR TO FAIR SMOKE & FLASH |
L () 10 n739 T2 LA 10 FLASH/SMOKE SMALL - NOT PERSISTENT
10 n739 H6 LA BETTER THAN T2 TYPE
3 EV/E NONE A VERY POOR
Cr ’* n739 Mo7/T2 LA 2,0 CONTROLS
A%} INADVERTENTLY SEVEN XMB04 PROJECTILES W/90° HOLES WERE FIRED AMONG PROJECTILES W/45° HOLES WITHOUT ASSOCIATION

- TO PUZE/ROUND COMBINATION,
- {2) FIRST THREE ROUNDS WERE PROJECTILES WITH 90° HOLES. ALL OTHERS HAD 45° HOLES.

DATA & SUMMARY SUPPLIED BY ARRADCOM
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PHASE II - OBSERVER ANALYSIS

1SS MMXM B804 TRAINING PROJETILE
WITH 4 sacH Y2" DA PORTS
LOW ANGLE-QE 52Z MWLS

TEsST DATE: Tmc. 19 1972 (A.M)
RATING

SIMMATION
13
27
i
34
19
29
23S
30
208
18
:z LE®END
a9 \.* UNOBSERVED]!
— 2. PooR '
=7 » - FAVWR
49 4: GOOD N
= 5. ExcEL @NT|]

xs8 |

NEL

Y

=l =N &

=w[N=EINEE TS

JiRjunN!
AN o] ploojos| ]~

AN ABRIBN N oo =[a[=IN]=
N@N

OGN [BIOIR]N

] hith

CIENENEY

AA[pISIBID]w]N
Bial oA R w]|p]-

Nore .
INADYENTENTLY SYEN /NMS8O4 PROJECTILES
WITH 9S0° HOLES WERE FIRED AMONG PROJECTILES
WITH 46° HOLED N PHASE IT WTHOUT ASSOCIATION
‘rbf TYPE OF FUSE/ROUND COMBINATION.
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4 ziszihh D ishpiz 8
MBA s TlzlZh Iz LD 8
"o "pBPEEEED L 10
7 hizlzh{zhizlz2hzh 19
8 NNROD0BAAE F R
TCSTAL. 1 b1
N oveE:

INADVENTENTLY SEBveN XM804 PROJECTILES

WITH 90° HOLRS WERE FIREP AMONG PROJECT LSS
NITH 45° HOLES IN PHASE IT WITHOUT ASSOC/ATION
TO TYFE OF FUSE/ROUND COMBINATION.

- -

PHASE 1L - OBSERVER. ANALYSIS

155 MMXM 804 TRAINING PROJECTILE
WITH 4 cAcH VI’ DIA PORTS 11
HIGH ANGLE-QE 1054 MLS 1

TeST DATE: Dec.13 1819(AM)

LeGceud

\ * UNOBSSRVED
2 - pooR
-~ FAIR
4 - GOOD
5- BXCEW\EBJT
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PRASE III- OBSGRVER ANALYSIS

158 MMXM 804 TRAINING PROJECTILE
WITH 4 BACH /2'Dia PORTS
LOW ANGLE - QF 52Z M1 S

TEST DATE: DeC.15, 1979 (R M)

~ &
«(
.\A\ \&\k
A ~
2D SMOKE FLASH RATING
ruUsSel NO 12 &uﬁa 8|9} RBNEANRBE SUMMATION
'Y B ESHHUHEHEHE BRBE 4 Wz
Al 2 |4 ENBBEERBRNOLGERE: 26
= [2|213|2|Z|2|3(z[3]a] Tx FIRE 26
4 N HBEBHEB R 23
5 pphpplEpED X A x[ X 12
=" 7S sV 2IZIEZI33 X [X XI'x =
IR EEDNBEEEEEERERE: X 26
MBA & 4 3 X[ 1 XI Ix 40
?]e JHEBEEOBE R 17
MBA 1 10 |5] 88 s]4l5l5[sl415] (£ X 44
A, } 241

NOTE:
FIRST THREE (3) MBL ROUNDS WERG YMEB04 PROJECTILES
WITH 90> HOLES AwlL OTHERS HAD 4S5° HOWSS
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How %o Use Probability Paper to
Selve Materials Problems

it can halp you

1. Sct specificution limits

2. Check material or process performance °
over a period of time

3. Cherl: a supplier's claims

by Donald Pesliner, Arsoviate Biiter, Meterials ;in Design Engincering

8 Application of statistieal qual-
ity control principles is simaplified
when arithmetic probability paper
is used. This type of paper has
as its abecissa a probability scale,
and us its ordinate a linear arith-
metic scale on which the variable
is plotted.

On a probability plot, a large

amount of data, which may extend
over a wide range, is coudensed
to only two numbers: the arith-
metic mean X, and the estimate
of the standard deviation, s. For
most engineering purposes, the
arithmetic mean and the estimate
of standard deviation, together,
furnish the information vecessary

»

so that a material can be used.

Since 509, of the total numbnr
of observations will be above, and
50% helow, the arithmetic mcun,
the intercept of the ordinate und
the 506 abscissa can be rewd to
obtain the mean dircctly.

To obrain the value of « an.
other woll-inown property o the
normal distribution is used. On
probability paper the area under
the curve betwoeen the 167 und
8456 abscissas is equivalent to
the value of X :=:x. Therefure,
determining the intercept of the
curve with the 849 abscissa aud
subtracting X will give the vulue
of & dirvectly. .-

How to plot the data

The next few paragraphs de-

scribe how to piot data on prob-
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Cumulative Percont

L=licitribution of temsile itrcngth on arithmetic prob-
ability paper is acenrate eheck on material performance.

ability paper in Lwo situations:
1) when the number of data is
small, and 2) when the data are
availuble in large quantitics that
cannot bhe conveniently haudled
without groupiny.

Arter arrvanging the data so
that cumulative percentanges can
be obtained and plotted, the next
step is to determiue the scatter
of dJdata that might be en-
countered. This can be done by
making use of the confidencs en-
velope which is described in de-
tail in an accompanying box.

When the nxmber of dats is
small 730 or less)~Arithmetic
probability paper, in this case,
is used as follows:

1. Arrange the data in order

TABLE 3-ARRANGIHIG DATA FOR USE

WIVS TAGLE 1
Reacranged,|
Magnitude | Cumuletive
Observation increnting | Percent*

... ]l N 42
m............ «“ 125
ol............ @ xs
M...............}] N a2
“m.......... o 0s
w............... . o .Y}
0......... . ) 42
... .. ......... ol @s
M..... ... & %4
-.... ........, o n
“‘tl'.o-..-. LIN 24 “ “’
g, esess 500 %3
*Taben veus Tudle &

]
of increasing magnitude and as-
sign each datum point a cumula-
tive percentage value ‘from
Table 1.

2. Choose an appropriate scale
ou the ahscissa and plot the data
against the appropriate cumula-
tive percentage value on the
ordinate.

Table 2 is an example of ran-
dom numbers rearranged and as-
signed a cumulative percentage
from Table 1.

When the nxmber of data is
large—When more than 30 obser-
vations must be plotted, the meth-
od just described becomes both
lengthy and tedious. The proce-
dure is varied as follows:

1. Tabulate the number of ob-
servations that lie in equal-sized
intervals, The interval should be
at lesst 10 times the last signifi-
cant figure to which the values
are measured,

2. Caleuiate the percentage of

Cumulotive Percent

2—Dintribution of yield strenuth [orecusts winiuncm
erpected values for use in setting specification limits.

observations in each interval and
determine the cumulative per-
centage in and below the interval.

3. Plot the cumulative perceut
on the probability scale against
the top of cach interval on the
abscissa.

A typical arrangement of data
is shown in Taule 3.
How perobablility paper
can be used

To check material performance
—Fig 1 demounstrates the use of
arithmetic probability paper to
check performance of u material.
The data represent a permanent
mold cast aluminum alloy witi
a specified minimum tensile
strength of 25,000 nai. Data were
obtained over a three month peri-
od. As seen in Fig 1:

1. Average tonsile sirength 1o
‘be expected is 25,680 p=i.

2. By inspection, the intercept
of the specification minimum and
the curve indicates that 264 of

TABLE J=ARRANGING LARGE NUMBIRS OF GRISRVATIONS

-
Number of Observations Observahens Cumwistive
In Each imervel i Each Imerval, 77 Percant
1 (X3 (3]
9 4$ S0
* , 189 30
[ ¢ uo A0
£ i 8s : 8.9
o i 120 ! 9.3
A | 20 03
] L os | w00

“This sumber atnnet be pivited slnte, thesrvtivnlly, U i 2 Infinlty on thie srele.
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S—~Two groups of hardnsss dala are compared. Since  G~-Confidence envelope for logarithmic probability paper.

confilence envelope: do not overlap ot the 50% ordinate,
the groups ave diffsrent and Process A wi
better resulls than Precern B 95% of the

tihe material will probably be be-
low the specification minimum.

3. The counlidence envélope in-
dicates that 96 times out of 100,
a3 little as 7.3% and as much as
48% of the materiai can be ex-
pectad to exhibit a tensile strength
below the specification minimum.

Probability paper, then, shows
the cngineer how well & material
is performing and suggests a
course of action to follow. In this
case, there are two possible
courses: either revise the spe-
cirication properties in accordance
with the facts of actual per
formance, or choose a new alloy
for the application.

To set xp specification limite—
Toke a case where a literature
survey turned up a promising
casting alloy but, as usual, only
average mechanical properties
were nuoted. Since an arithmetic
average gives no indication of
values at the extroemen of a dis-
tribution, » more precise cstimate
of meehanical properties was
needed for specification purposes.

By pouring tensile hars from
several axperimental heats, it is
pusnible to foreenst the minimum

84% ovdinate.

expected vajues of yield strength,
tensile streagth, clongation, ete.,
and incorporate them into a spe-
cification. In this use the prob-
ability plot in Fig 2 indicates that
95% of the time a specified yleld
strength of 70,000 pat will be ob-
tained 98 times out of 100.

To compare sets of deta—An
additional useful application of
arithmetic probability paper is
the comparison of several sats of
data to determine whether they
were picked from the sume or
from different distributions. This
is a general engineering problem
since many situations occur where
a design or process is changed
and a decision must be madu as to
whether a real improvement has
been obtained, i, an improve-
ment that matches the cconomic
factors involved.

Two heat tresting methods
gave the hardness results plotted
in Fig 8. Although the variation
in hardness produced by process
A is no less than that produced
by process B, a comparison of the
arithmetic means (X) showa that
process A will consistently pro-
duce higher average hardness
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Estimate of standard deviation (s) is made equivalent
to distance botween 850% ourdinate and ¢ither 16% eor

values, Since the confidence en-
velopes do not overlap at the 50<%
ordinate, it can be stated with
95% confidence that the two heat
treating processes are signifi-
cantly different.
VJhen data sre not
normaliy distributed

One major shortcoming of prob-
ability paper should be noted
here. If the data do not fall on
an approximately straizht liae
when plotted on arithmetic prob-
ability paper, this method of
analysis cannot be u«ed. Radical
deviation from a straixit line in-
dicates a skewed distribution
(some types of data. such as
measurcments of interlaminar re-
sistance or stress rupture, seem
to be inhcrently skewed). whoreas
the scale of the abscissa has been
based on a normal distribution.
The ease with whickh the arith-
metic mean (X) and the estimate
of standard duviation (8) cun be
obtained sometimes lcads to an
artificial “ft” of a straight line
to the data with the consequence
that invalid data are obtained. If
the data are akewed, then X and o
must be cah-ulated mathematioally
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o ik distribution of logurithma
of tiic viscrvations must be coa-
sideseid.

I logarithms are used, two
approacius are possible. In the
Girat, the logaritims of the obser-
valious are plotted on arithmetic
probubility paper. This is often
ure vouvenient than using loga-
rithwmic probability paper Lecause
the scals of tho ubscissa can be
chosen to fit cach set of data,
while the logarithmic probability
paper has a fixed number of
cycles. If logarithmie probability
paper hay a fixed number of
«<tandard deviation, s, is obtained
by subtructing the log of the 50%
value tfrom the log o° tii: value
at 849 aud expressing s as the
ditference in logs or in fructions
of log cycles,

The confidence envelope—1f the
logarithms of a set of observa.
tions are plotted on arithmetic
probability paper, the mechanics
of determining the confidence en-
velope arc the same as those noted
in the box. If logarithmic prob-
ability puaper is used, the method
for calculating the limits of the
confidence cnvelope is varied
slightly. Rather than estimating »
on the basis of log differences,
mcasure the distance between the

© A% ordinate and 16% or 84%

ordinate as shown in Fig 4. This
distance. is representative of the
value of s and may be substituted
for s in the equation used to de-
terming the limits of the con-
fidence envelope (see box).
Consult a stotistician
in plsuning experiments

The graphieal methods just de-
scribed are excellent tools for
evaluating properties of materials
and processes after data have
been obtained. If possible, the
services of a statistician should
be obtained before a program is
sun in order to obtain maximum
benefits {rom a minimum of data.

The statistically designed ox-
perimental program, as opposed
to the nurmal engineering “one at
a time” approach, will vary sev-
eral parameters st one time. A
stausticul design may evaluate
the existenco of interactions be-
tvvesn severul varinbles, usually
ona of the pitfalls of the “one at a

PASTOR & FOR GIVLTIPLYING T ESTILIATLD STAIDARD DIVIATIONS
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its sigaificance

In Fig 14 uote that an “en.
velope” has becn drawn around
the curve representing test
observations. The confidence
level closcn and the confidence
envelope associated with it are
used to answer the guestion,
“How reliable are the state-
mants that have been made?”

Note also that two sets of
similar observations on the samas
material, plotted on probability
paper, will give rise to slightly
different distributions. The use
of a confidence envelope, which
takes into account errors in the
mean (X) and estimate of the
standard deviation (3), becuncs
& necessity if the interval with-
in which a distribution lies is to
be detcrmined.

The “confidence level” de-
sired must be determined. For
most engineering purposes, the
95% coufidence laval is general-
ly chosen. The degree of cer-
tainty associated with this con-
fidence lovel will satisfy almost
all enginecring requirements,

One danger of using too high
& confidence level (such as the
99% lovel) arises from the fact
that in many engineering in-
vestigations a groat many ocbser-
vations cannot be made. Fig §
on the next page indicates that
the degres of reliability increases
with the number of ohservations,
It also increavcs when the confl-
denes level is decreased. In other
wonrds, as the width of the confi-
dence envelope decreases, the
amount of scattor to be expected
in data also decrenses. By sucri-
ficing some degree of certainty

- Sample Size
Lovel, % 10-15 16-20 U-3 | very Large
D..ooeerrerrennnes | 17 173 171 165
B, 21 200 206 15
L 303 258 279 253
The Confidence Envelope

how to construct it

Drawing the confidence en-
velope is donc on the basis of
the following facts:

1. The true arithmetic mcan
lies within the interval
X=ks/Vn
2. The truc standard devia-
tion lies within the intorval
i s=ks/VZn

The constant, &, depends on
the number of observations and
desired confidence level, while n
represents the number of obser-
vations. The accompanying table
lists approximate values of &
for different confidence lcvels
and sample sizes.

Usmc the values of X and
derived from Fig 1, the con-
fidence envelope for those cbser-
vations was dcrived ag follows:

The arithmetic mean lies
within the range = ks / Va.
From Fig 1, wo note that ¥leS=
2550 psi. From the accompanying
table, on the baris of a 95% con~

fidence level and 22 observations,
& == 2.06. Thevefore, ks / =

= (208) (2550)/ V22 2 = 1120
psi. -

The range of the estimate of
the scandard deviation is = ks /
VZa. Since k and s remain
the same, the interval is =
(206) (2850) / Vi€ == = 90
psi.

To construct the confidence
envolope, at 50 cumulative per-
cent plot two poiuts: onc 1120
psi albuve and one 1120 psi be-
low the curve. At 16 and 34
cumuiutive percent, plot points
1910 pnd (1120 psi + 790 psi)

it is possible tn actually increase  above and below the curve. Con-
the practical utility of & state-  necting the points preducs the
ment uf material properties. cvnfidence envelope.

e ‘b plot(?--') > (“’J/:‘:a *'“4—)

e 8¢ f"f G '“) C‘fo‘kum

Nﬂ\ L]

FLANLA Y

141

THIS PAGE IS BEST QUALITY PRAGIACARIE

PROM COPY FURNISHED TODDC  ___ppse

-~




timn” approach.

Statistical techniques  permit
tue engineer to decide the mini-
i naumber of observations
uecessary to make a roliable de-
cigion. Since the cost of making
eacii obgervution is usually fixed,
such kuuwledge can save the engi-
acer both time and money.

The importance of statistics as
a tool for all engineers cannot be
overemphasized. It is a partieular-
Iy valuable tool for those who are
required to predict results or
formulate addition.l, and possibly
cxpensive, programs on the basix
of a few test rcesults. Large
avaluation errors may be made
when oaly a few samples can bLe
takeu. Consider, for example.
these two diametrically opposed
extremes of evaluation errors:

1. A positive result is obtained
vie the first trinl when the prob-
ability of obtaiuing such a result
i adlat,vely low. This is an un-
fortunaie situation sincc a large
effort may be expended in an at-
tempt to obtain the original re-
sult.

2. The reverse may occur and a
negative result is obtained when
the probability of obtaining a
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S—Reliubih'tu increases as the number of observations iucrcas. A similar
effect rcaults when the confidence level is decreased.

positive result is relatively high.
This places the predictor in the
position of, perhaps, discontinu-
ing a potentially successful pro-
ject. The unfortunate corroliary is

that a large and wasteful cffort
may be made to develop another
method when the first would ha.e
Leen the most satisiactory one.
(more E&D on p 171,

What Is Probability Paper?

The development of arithmetic probability
paper can be visualized as follows: Aisume that A
represents the standard normal distribution curve
of a set of data, the familiar “beli-shaped” curve
deined by ¢ (t) =w (1/ VI 7)e"2, Integrating ¢(t)
results in o curve similar to- B on which is
plotted the cumulative percant of observations at
or below a given value, agninst that value. If the
abscissa of B is now stretched symmetrically, but
nonlinearly, sbout the 50% value, the curve be-
comes a straight line (C) and the scale of the
abscissa becomes a probability scale. Cumulstive

percent is plotted on the probability scale since the
probability curve vepresents the integral of the
area under the normal probability curve. Cumula-
tive percentages for varying numbers of observa-
tions are given in Table 1.

Getting the papor

Two sources for probability paper ar:: Codex
Book Cn., Norwood, Mass. (arithmetic—Nv. 3127,
logarithmie—No. 3128), and Kcufel & Esser Co.,
New York City (avithmetic—No. 359-28, logarith-
mic=~No. 3569-22G).
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