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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 thqg 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 Hardware /,’/

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

C>'rhe SW522 (MOD "'E’r) and ORI composition was contained

within the fuze, u_w The MBA configuration was assembled,

as shown in Figure 3, (see Table 1 for fuze configuration and Tables 2 and \)/
4 for composition).

ﬂfc P‘S

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 III testing, see Table 3.

1.4 ' Test Set-Up

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

=522
. Isgredient X by Wt. Specification
Zinc Dust 40 + 1 JAN-2~365
Potassium Perchlorate 20 + 0.5 MIL-P-217A, GrA, Clé
Potassium Nitrate 20 + 0.5 MIL-P-15613 C1 2
Aluminum (Atomised) 20 + 0.5 MIL-P-14067A Type II
ORI
Magnesium 17 MIL-P-14067 Type 1
Sodium Nitrate 17 MIL-S-322B, GrB
Phosphorous, Red 63 MIL-P-Z11A, Cl 2 v
Zinc Oxide 3 MIL~2-291C GrA C1 1 ‘;
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MBA
8 each

MBA
8 exch

8 each
HA

LA - QE: 522 mis
HA - QE: 1064 mii

TABLE 3
TEST MATRIX




TABLE 4

TITANIUM TETRACHLORIDE - TiCl

4
SICAL PRO!

Chemical Formula TiCL,

Molacular Weight 189.7

Color, Yorm clear liquid '
Melting Point -30°%¢

Boiling Point 136,4°¢C

Specific Gravity (20°C) 1.726

Density (1lbs./gal.) 14.4

Stability

SEECIFICATIONS gton chigan Plant

Titanium, wt.X 25.0 minimum

Chlorine, wt.X 74.0 minimum

Color 50 maximum

Metal Analysis, ppm )
Tin (Sn) 10 max. Chromium (Cr) 5 max.
Aluminum (Al) 10 max. Antimony (Sb) 5 max.
Iron (Fe) 15 max. Arsenic (As) 10 msx.
Vanadium (V) 10 max. Lead (Pb) 1 max.
Silicon (S1) 10 max. Nickel (N1i) 5 max.
Copper (Cu) 5 max.

| SATETY AND RANDLNG

decomposes in the presence of
moist air

Titanium tetrachloride must be msintained under inert atwosphere.

Nitrogean containing less than 10 ppm oxygen is recommended. Expo-
sure to moisture in the air generates hydrochloric acid and titanium
dioxide. Refer to the titanium tetrachloride "Product Safety Infor-
mation" sheet for ssfety information, and to the Stauffer brochure

"A Guide to Cylinder Unloading."

THE ABOVE INPORMATION REPRODUCED FROM STAUFFER CHEMICALS PRODUCT




1.5 Weather

Temperature

and 2000 wmeters for Phase II and III tasting.
ARRADCOM, Ft. Sill, Ft. Lewis, Chamberlin, MBA and Yuma Proving Ground
personnel, see attachment A.

Humidity

1 & U = unobserved, 6 & E = excellent.
the balance of the testing, F.0's used a numbering system 1 through 5 where
1 = unobserved and 5 = excellent.

alternate order, MOD "E", ORI, MBA.

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

Wind Direction
from (True)

The F.0. were a mix of

The scoring system for Phase I was complex. Two F.0's
used a number system and 5 F.0's used an alphabetical rating system
wvhich related as follows:

For

The spotting charges were fired in an

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.

Wind
Speed

18th. 1100

1200 sz:
1300 510
1400 52

1500 °

1100

1200 53°
1300 53:
1400 53
1500 51:
1600 500
1700

1.6

522 uils. -

892

922

822
862

892

Calm
Calm
Calm
Calm
4 Knots

et A

e i RN TR S X e #21T w

S

77%
802
83%
802
85%
892
89%

8 knots
10 knots
10 knots
10 knots
8 knots
4 knots
4 knots

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

A~ .



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 vn 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
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SMOKE CLOUD

MOD IIE"

MBA TiCL,

FIGURE § @ ~

SMOKE CLOUD COMPARISON 0710-16985
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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 Phaase II testing, were judged to develop the
superior cloud. However, 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 casusing 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 TiCl,
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 ars scaled from O to 4. '

A standard procedure, see Attachment B, was used to
deternine the statistical quantities for 90X confidence. The curves
can be interpreted as follows: The cumulative distridution shows the




?.'quwxm.) VI I 3SVHd

,Ql;ﬁlw&-h‘:u.) vH T aswvHd

3 \PwWN)vr O 3asvHd

kL)

VIN (»21L) v T asvnd

r (2 aown ) v masvnd

o4

V‘ZW(—'\:'-\:;;) v Lasvrd

-

\\29)
8 ' V1 Lasvrd

1A

(@ sovt) v T 3svHd

8| VAW P L)  DaisOIWoD

Pigure 71 - Comparison of Visible Flares Out of 100 at 90X Confidence

81 (2 Jon) -2lscanod

13




a3jysodwo) 4, GOW - g @andyg

st 66 88 % ”6 L o of 0 05 O o oz ot s z Tt so e e 00
—tip = 1iit Rx 1 f:. R BeU s S N Ioggl paan) pe iy HHIRTY o ot Fa Tt R Sl ot 34 ]
[ N - 3G .—. Hlsir- 11: 4F ]33 tes MR I i ] 2327121000 X
B e O Pem B = o 0] A 1 1A A= R R I Ty Mt s | Bannn i ] e HiEE ;

U P Fny WA FETT IYSH EWE Y BRRR) PUSGY RESSN FREa) FEAWY P FYRY JEDg B : .
MY PEK [y REEE . o] BN REES PRI ESTC) R ERED DR WG MITE 0 ) FER ..wﬁ. s .t
l-ﬂmu. N R Fpus] KN ISRE] TN BN Q VRS POSY) RARns Funal b yw o .»...H. i i 135 B PO NN o
ot o ol $E0N Toetng vt 3w Y S e au ) I53 1 it kwaiad B8 bHd [ vid A Livs) hmt il 2 o SHz A o8] &
-t e - coff 2-dat (V] FPTIE RPN B 5 By RO repen PUDE peeeun ey o PR ol
a0 IS5 Bl n prEE : TR B [0 R FEw i K i) YRy s ol : —Inalars g i
ey % 1Y OO iy e .r'ﬂ 13- 1|41 1 [ S | _._b ._.m_ _I n..u_‘ .& wj .*.W = JLH TR ad e e o ot 11 B
+- : FNEA| FWAMN g T g oG] 18 _M......;_;.\.. 1 ~ A i
43 -t L3 TR [UEY N - FY O EERRY S B ERY ST POV pu e $4 et y=-]- :
[ 2 ; fn i BUb] v b Hisl'ic ciit i i3 diiarg t.«.wu; : n :
N PN NULE bl s ay By Iy B : a7 il BEOOY MER D PR 1.._ I " H i
DR DORN Dbt imptuih D] B340 gy k3 03] Eie By ol o wnd lande Wrhdl Faad ] R s RS &H“rrﬁ._n..{ 9 n
P ogaf-b ote id [P FEEE e I N T s N, AN P 1 [
[ S0 i bt e .M..MT i w».w e ) RN Ewig PR | POSD Poriay i el iy =
Teie — R bs : a1 Swsd Fas il b Hid ¥ Bade sl e 1 Erh Wi e - -4
] f— +if-+d ma 134 .moa it Rl Al A & - l:.muo -4l
) DAFRCN (NN T UGB By SR YY RS B IV RS YRS DRSS DRERE (a0 %/ T4- 21 o+ . e
e T e e ET DL S8 IR ) R AN b 2 R et B S
bt DEEN bl o Dot ogt 48 achid DR R 9 BN FAUE] Fieal oo R Ru i) i =, go= i) o i sl jan i
i R e sk RITTIRRS il FIY o o o> e A A 3 e 1
21 13 T ir 3
Lo | S Er > ol 1. ol PONNSBURRNE 1 i )
sol . teq nj h....h f n —=g [ Rk 3 3. nu n
4 ubi BN L] il i 5~ 4 (yiE] IBad puiGL PEURE I pud | riny Fve N hazs b
iz S R i B B 4P ui Ol FRRO SRR FY Y B4 Dok wry iiat fn = : 1
: 3 §44 R s F + jed X - P N s d
. POSE rasi -1 g - il sl —-11isd 143 by 4
¥ = & s AT ] iy %» iy ik v B
T g fiad ] = cof § macnd puad 34 H puaicd fens iy es fx i
0 = N ~1 I - ey < ~ . - T
pho pab] Eum, rx.v 1.«;....».. piRpiy § 5t Dy pd eyt Funns g L i ) RATRE AT i
A P HE S P e b ] el s B ]
- e ERENS P 2t g BRBE] ISEI PN AN d Fa il Hufy |l R T 14
5 s Fyam, B ry Fe 3 N ‘ n 2 N
d pot He Tili: HHAH T : m; ram ry
4 .o eSS . X H 4 (3
1 o».... 1| +1 0o 1333%F 1y s H_Lr d Yy 1 Il o’ }
= =L _ e T B e pr R B =
v o fliddas e s % it
Sk, ofq-t1d NS JELE) REP SR FERAY FRERE 1) - 2 E
— il =lEn e e -
EIR WY 5 Ry HEI N Y ﬂ tn : H =
a4 ] BEE R -1 [232] QSN YOWR | 444+ : L1t :
P ad YR H 4 1] —sf.anl e PYES Al
1% si2]] :Lm :.. 104 it N -1 it
N 1] a0 pRY HHH =153 ] J-H «3
— 3 -1 b 4 T N L8 B34 '
- ; — X £ : ; R —.—3
o kL 31 m m..L ikt jiady fuuam 58 i i 5z
Tl : : 444- 4 — o4 lm 3 : iy
- t : +i H Y iy pyees FY R Ag
LA A ' BEN] ' I e I 1 T 3 1
- ed L - 1 . d. — 4 > d.l" 3
Py DO LT . I3 YR i111 IR My PR H i +4
=t |- i1 ! H ,mun.. m.: g r.,uu. : = g ity :..rx HiHe v
TN . E 3 |t Li::3, L. s JERSEY NI L 1§ PR EN
— 20 a4l R I PN POFYY FIN T
= 2 444 -3 444 04 i M‘A : iad Fe HE IS 2
1 T & 1 13 58 Iy 5 p 3 .
2 2 554 o 53 } H I4E1HER THEH i b
- . R IR v 1 'y v N
. g o n . Ags - 34 * -
== s paoy .nr LL} h 14235 v [E o 1L
i sy 3 2 3.7 3h8 n : "
3 Bt + i i jiH s a4
100 0010 2o e ) -0 L o n o L 3 [ [ ] » (] s S8

red

iy o

ol AR




937180dmo) YgH - ¢ @In3rd

-1
-

¥ 111 - w.% i Tl
e R e e RENESIEE

L
de

ans

[ §
L

¢

- K':i'.

i1
" v'-‘
fed t

5

-4

!

=

|

3 b et

ood b
s bt

Py

il oy

+ pebads

¢

s
e bk 4.
sepe
tmpey

-

“

1

L.
&
ld-‘.’. .

i

p—-

’-

2!

bt

- -

i
£
b

(R

e

L

YRS

tmompm b

-

1
4.
N

-

b |
1
3

i

— i 0o

-
(o
ry

o --i-_.u

o+

4

!

]

1

o b b mtmbmid

1
-

e
HeE

o

r

R ‘L 17
depaputn)e

E’r
PR lé .
e | t’ :
ol folnf mt.d of § buled -i ?.f -
2]

FHA [

iy
14
: 3 " PR -
+ i il Bl n

rl aed i h i insaa BER Fraas [rab

I H L 3N pend e

I [] - R K § S v
t by SN B I Ertlind 3
mH_ . 4 M.u.o..“ w § e pa ke “
i Gaf IyE Rians :

4 . g-s m W
: iR o i
' 11
t n i
7 ™ prRaw W e
Py~ 4 1 re [ R e
ERY (RS sdet gt =y
L i1 BN j :
- 1ty + + - 244 34
} x hﬁﬂ ] bt T
'y a2l
m w - d i 0 1
e 151t - ™ WS it
: : T 44
d l*..-& . f.. » 4 -4 Tee
T

=¥ : H- ' f [V} . 8

F 15 2-fi = 1

2ot y. 8 4+ sadl - 2

- e = m

14t arh i IR 1 >

35l it B a5 T :

an L7 i i = 2

: e - - 4

~ : - = - -
‘Adl v % . [] e

L. : "m.n ..1_u 2444 )

21 idie 13 L+ =3

o q st : 114

1 4 Lcr_p_ i A1 444 3

; cdy =y By T 1
— it H1 d Rall : >

i iep-fi-sohd b sogd
.nr. I X33 | 13 s ﬂ“n
4 H 7 =1 S b Hn

- 4 T( : : - 'uo.l K} 1 ;

N n Y - “id- "
m ” m.n M. 4 1 muuw ¥ w” +
= A4 FxY 1y L[r_ i1 :

Mn 4 mo. 2 4 : .m.

. v i
ssi)i 1fa 4= -
4 re wT 4ol W“
H 4 - ] ad
_ } >N Al

i

17

AR TR



i

e
O

a18uy a0 I eswyq 34, GOW - Q[°and1g

L
.

-t

i

o

i

-

NNERNN

op § -

opopd o

b=

a2

i

IS ot pvey
ol

of sot=

-y

i

b

-

:

bt =
.

RENSPRRY

ety

P

<3
%

IS

o3

i

<

e folem b

-y

33

-~

9.
ol

+rt
-

e

1

ol < pod. [

.

o o fed -

o bt =4
o
.l-hi—‘

"

mp=as

e

kR

$i -
. {;n]-h i

o] Ll

o prope fs oo

SRE]
Nl

H
e
-

i

H1

]

- | opey

-
-d
e b
bo

ofe
ofm o

L

pr

Al

o
g

dddw

| i a8 )
- p o

punh) ARuw

o

rl

P —

=

<

*
:

e

3| FE

ohe .
-

-

”~

I
| 2a=n

H

b 4.
-

S£E

o

e

“afobe

g«

ter § dopein

"[.l.

=9

§e b
pote bnbn | n-
e =y
.'r‘
b
- b
- edt

tres

| opmpmee

XY

iz

™ iy
raveg provesy
re
| R P R
Pt

bt

| G 4 1 N @

S

Fise

4

e qude |
-
4
b
-
paan-

Ferin gl ) degnan gf n 0 o

1.1
=4 -4
e

ey pug

Pt ob of




1 .- - - - R . . I .’L< . -4‘
sHIRW nﬁ 15 A Hith: TiE 13
i m_. ; HH 1 . I I H aq 17
3 — 4 R i 314 :
4 o !Ju. «1*1 ] 1311 31
17 : : i e e A
il .w ,,Lnﬁ i 8 xd Ty L
T e : ihla) =
il 14 gt i
1 Y] . | 3 g 1. o
13 o) ila iy JF
u TS m ) IR 8 B
Ol — . e R g
: it i H i 4
gnakik %] i :
—— m- 1 .vl. 1 .\_. » . n M
Hiis e =] T i
(] had 5V i : 24
& HipmA! Taasi b :
3 =13 JERE § i et : i E
E } “ *k i n T .vH..* i T 1] eas
e ﬁ.ﬁ» i e HH: B
vy . Py R e id
avslhire ¥ inil et Ert ra ke ¥uy b =
32! - ] ! bt Tt
il ey eASER BTSRRI R el e it e It
r.ﬂ.... PR ..”. - g mw) ”u m»
. L ] 1 -W" fud pd ’ _v_t 3 | =3
m. 1..@ i H H i A s
-u;» :_.u e .A " ..ﬂ - L :d *
¥ s 1 i :
4 4ty 1 o Lsuy iT
i i i1t i ;
: iz 41 et fa i : T
X H w3l od b3 4
. by 11 .. m . ‘L.rA w. u -
i V] .4 4 4 4 m;+u X il UOM. : .H.
L : : 4 -1t.05 i - 4
it sriihl X tH _LM._ I t..nm . i i
¥ H Y] s b i b 1 HH:
] ' N7 B 1 Y
t . veni [T S H 1 Jreap i
- 1! - - H 1 %4
4 + i _.L.Ln: 14 4 U.-L. 11
. ) ; b
1 i r._u.
Ii

100




a18uy mo7] 1 98eyd VAN -z| 2anB14

8
2

s0 20 19 W00 109 .

2
e

-4
.. ——— — W PSR - 11 |-
e 6ts 068 “_ i SRR S 5
: TTTh 1 4 1525 &l o
1 [0 o ] p1:) L ! 1117 it RPN [] 1 -
L Bar 8l Rahdd Saat s L ﬁm 1+ i4 § P -4 -4
z H -] = : 4] 4 Eated e B 8 4 d
m : S NN 8 ! 444 Hy :
—I= Il 5h H : sl [ 8 B
R o ionld 1 T A N ot ki vy (o33
e bl i el Tl e e
== T i 1i i | g ik !
el ) .»Aﬁﬁv ] m._# ihiud 1 - L. 11
 EERElE i) g = e ik TH
H- : ] 3 il = . 1
=l 23 m. ! r uwm».W Ta (el i} -~ = Q
brel REsN B 54701 » a4 i K 5 ) —f -t
, B e = 221 i1} : — LAtHIEE i f
m : B e It Tiid A i : e 3
e T T ESNI BN H Py o § B 2 v
- 5 | : > %
=3 —f q ' - -
3 - - []
0 B B ik : 1 e Bt P B o it s T
R : g P B or et g R o g ; : '
“rf sds] §.83: $ IR % FE - o pd
..._ﬁm.J. 141. Jw . : 4 FERE 4 L& 1
Ty  { t;.l. lev,l. - pot e, H b ~
i an =k Gt 3 HHEH: :
53 Bax) R 313 o =54 2 :
i ; T 1af T Ni= 1 mad. - : &
: vt g 8. 1 i i1l .mnw. u(nn : > :
h P thjns 2 4 *t y .*M. ol [kt iy i N
e 1 .1.-. khaks K . L . —s - LM.LT 1»11 (X1 -
2 " — X 0 e el LA ! T i b =44
= oI ; .L : w Jas MT.,W & i m..m.ﬁﬁw nm« . e
e SaHHE HE s3clioE s i e = ”
—ee ™ . TP ;IT. - el 3 -4 - .
e x s .ﬁmu M By nL H J—nﬂL + .*W.x 1 £ L = m
= EEveiRart biH i -4y L
s au 1“ .H‘dm Py | * -+ Lo} Fwy m &
: - e [ qo :
- e et A.xiw_u Dilq8a a0 1 :
2 L < | 3 [y f-444 — ] e
Ln” uu —- R .A.“ w rT 4. md —“m
- o s T —
A Tt HE R . . v
. 14 | 14 v s 1 -
ML oA BAN raas T2 i : 3
- 1 Wm..z Lis HE .xm h m:
v Tt T 3 [} T2 h
EE il U] S i
MM 1 H . 1
1 1 sy v st fedt 43 4
- 4+ T B 1 N i : H
- 1 4 iu | i i 2
- : B HH [ A i = .
«,“ H 1 u. 11 . e I Py 1) Tk
g £ . i, m““ iievt Hind] iy 1 i
oy ~ -[r 1 M 1 R ‘.1 N m"l ] ) -
o s ] i} H1]35|Hi Ll e 3
= i s 4 4 1 i 3,
rm. L+ &1 MJ — 42414 m‘:u w..r T-w -~ L
.l s ' -~ -
Y by L 1Ry :
(] - . “ _ 3 M;rl Y rorys I
 q pyos .1 i 3 1- L4y 1
oY :d - :
— -4 + H4H re m “...l.,ﬁ.“ <44 : m f;. ¥
144 pass) b ¥ ) . ! L
. : T n y 1 4
¥
. - Y % 'u “wse
.




e

ar8uy Mo 11 Oﬂrnm wdy GO - .n— san8r4

bt

o e 984

£r

e e

-
4
[P

Wil loek b 8

. -

E

P

.i-‘

*
g
>t fod

+

S
ERERE=l

|

s
1

4

E T

t i .
|

-
2

ik 1

s b o 6t o ot g e
=s=ropmin bo bos

[y

| Sy o

I

oo
3

4
i

T

-y
~£{4
Fompor

whof che
-t

bt -
+=

wbot g L e fote il §

T

-

=

rarw of Brivveo of be ot m o
smp ofe fo f o pord atumd .
ot -




$0

e 19 @0

: 33
- 344 J‘rrx 1
. —~ RN NI IR 11 3y o it
‘ — T ...v i k1 .“ -1 | ~ *m MA 444 ”
‘ H{l::: - ot v — =T
. e gaeT it A 30| it = H
a8 e = H1HD LHG oy paaud pwway s Fand wiw o -
- l*.. gl J.,l .h & t WL g .P—O.“ L!Ju. b *Vw w.v ﬂ. T w.wuﬂ .—T - b u R MR
—i= ISIBE paa| M & Jirk) ss] baya) pas — ahlzils i
it e i I S lEE Bl T i
LY RPN i Ny ve- - . ] -4 (.= | 3 -4
gt o ~1 K e ‘ m W e N
= h < pavy] BRSPS il b wy BUPYY AR ol B o i
ol L 18R R VY)Y iy o - h
2 alal et g BETH HH it 1H i ..m_ e R L3 IR a S H= ey
e Bt Bubs) “WA:.MW 3 A} g R lod - ottt 14 b.bﬂ ap | .o“N
STTR MY ; + 2Kl ks : Y 53 Pohid Ba nivdt il + ot 0
| BEEt Nl eyl gy e g e 1 I pie] e das i 1l Hf
bty b T PR B od b 43 Fate . Sfrec ] edde -
bugat u it Wr_—w o yiy _urh e L 11 ﬂl
: it m FRUELE] - s T Sy N 1.?-.; Iy F e
4381 i o P [ e :
B2kl mui HE G S5 B v Laied 0 : "
A si) (R h s as : il P aa ' : I
i H raied o =t - Tii] HtiliH O3d: :
+-= ]34 o 5= Fint “H t4l 4 : -
wye) Y] m— sii] el EIHAES] =5 owa i
IRESY NS |1} ujg ) LL_. e ki e ard Rt n — ' :
gt ikl P X PETYY Ry pRBU st | Hs .
LHMI . 1N mny -.P 3 » — it “ I T.HW + ¥ Y}
o3 4 T L1444 \Rﬁ ] F— EERN TR W X
W A8 stz R ans [oakd KIEnd b o e el b * T
=2 T yVEY pewRy A M byt .t
v - T s J.JO.- .Ah H 341, JE. T L] YT
: T 4..m_ l fns Mt . i
™ pown n » ¥ [1 L3 rl b m > -rm 3 :
.'““. = I ] .» - + “.uvla.. 3 f 0173
. 1 [] - - b 4 2
. | e i i L 1
e T L g ETIE . :
: - = d s H -+ 2 =~ 1“ -
ry t. . - 4 4 .—A ”.P. ..F w.\q ,u,-
e prt; sl 3 {2 i 1 H F v
- — e . i.f 1 %k Fs Lo H B : =
. [] [z
T 14 Nray . - I +. : T
it T o (T F i i
il - t o THY np - 1
a L4 ! s t
] .M - - ¢ﬁmw m*m‘. . lwbl. m.
.-‘- 13 . = v R - : 3 -
e T ; R i £ .
Pl s H 1 rm 144 Hay " ca 5 |
T, : H I..u. == i [ 1
- = re O i Ty
$1¢ 4 u._ 2 L"H I i :
«-ﬂ - 15 { . o124 : D FrT
. = | I il : :
~ tii H: HalH wilit i i
e 1M A i napl il
b Y] ..Ln. h I HH»K..T -
o 1 - e » AIC M T Y - Y nml« - 31
=41 B Hs i i i
il b ey Iy [ 4 3 st
s ol AL_ : ] - 4 "
L.4.1, : - . 1 H
u 344 T " Lu 4 » E
-~ 4 T 4. —
Py *II . -
| "




- 3
°18uy m07 11 ?8eud 3, GOW - g1 dInB14

’ ot $
ol [ 0s

0

0 o s0e

‘ 113
AP RN °3
. lte H 1%
§es Y6 w* MZW ! 1 -1 mﬁm .rﬁ.d. 4444 1-.. ~
S Y B B R LI H): sl i 4=
jagty et 3| LE BENNY pupe N . 4538 \E : o aa b i3 S8 )
el ype gI i 4 _.. : ..—.J 1 PN E KN Jp) A
il v Bare CEE i oYY Ere Py Poges pmamy b prey i s i
el — 1 i T PR e sl [EH HE [ i [T Ly
Y oyl fa “=ihlh it 55K Lk A ot b L 3 HF
] g e n ik a1 : BRI AR - i —1 Q
- st Bnli asst byl Fale ;
il —4 ! \W'—.mm g, .“.L il B : - 5
T1e 18 - N .. i
B i e i e A B : =
= A nn T i 5
£t e e REg] pa : Teat s ]
TN N T+ o1 N N : . ot : ! 145
NMJ.. ———— - 041 T - nlm.v - PR N k1 o . -
i T e 1 : : : s
. Rres] e wugl . : . . t
1 4 H : :
M o s f .IF - i o i ey g2 » E_w L“ﬁ : :
> e P ﬁt:Lu\.ﬂ = s . :
it 53 AR Y AT Hh; :
: : —31--4 I+ loae —=i44:
T s J.H-. RO, d mm_. 11-.&. - H 1:HG 1 : N
= el 2ied Hi4itiie e il .;..P ~Ap- L ' 1357 M - 3
satl — 1 “ b & 1 . B 8S FE 1 -7 RN rywy [
Lpi) 1 | - AT ok U Yy p <ifagi kgl briud i S
e e i : b [HE R = e il In 4
- - T - o .m ) 1 e I
= o g P i = i
H== : : : S T e g X T :
LYoe.. |wu . ol byt it liTis :.Mlﬂ J. 1Ll 4 d ul m.
. B = i el .HH»HW. = nlRifEn ft m
1 h.”” s MJ lw‘ﬂ m . .nml [ raka .
4 w“." .mh L HE.Wdc + H .m.ﬁ! rr.
e = R I P + T u;.. h =
TS oot Bl HHfHEL ek Rl Lk 12 2 Bl Al 5
af 15" axkiw erin STl B e Rasna His 5 = v
= thili 2k Pl e L . =
i 134 i*ﬂ.. 1 mu.. s i 1= - : : i =
£ T x F=l 5 . TN 3
s . Hsts ! mmw 24t om..m ;r : i i
SIE=s oy R B e it
el Ry 3 Wi ] Lm : - - 4 it ’
: LIS A2ef 1.t : {
L ‘ .ﬁn Y ) H11 1 H uﬁ n%_ Ty 2 L]
: ] 141 3 x B : °
e 3 .uim AT i = yes it
i i m s P e iy} Hith o
— = 144 I'H : o prved pppnd i : -
shes L Lﬁi 4 tu MH = r.r.w R 40
Hn . ! Pn i..-..—nr. m.uu 1 E:-lm i
— 7 ym_wi * Sttt HH!
e 08 ] et T '] bt i N
bt ; ! r's A s <411~
1 - e - 4 ] = . $ X .
] BT e R :
13 4 n 1 “ - 1
2 y . A
«w., ot nik vEpEn ] &mr 2 “we
'

b

St L s e




S e RS Ml UM e M g8 e B IR N Ty et b g s 55O e

8666 §66 368 €6 < 14 { §0 0 10 s00 100

‘ oc ol
—+f e )= FRESY W EF THEE t Y m ———]:4 st =]t 4-
- .!uw. S P ~.T: ,H‘Hu_ =i ﬁ “— : . .J».m“ i o N o iy o ot mw Wau af UH T
faodt o 2| Mg 1h 14 s | Hsbd Res o
PO D R ENTE 11, JENEN PRERS FE : 3 I =
Ly B L.;oﬁw_u Hisfs: ?w: R H13 Fyai i by i m Y|
S R K] | o 17 5 b..: ishad jenay it LSS EY vEn g Ry
g il S BN N M) RN il B R84 T 31 R g A 1 ) iy Em .
PRI SE (FUNY g - b 4244 IR R P B .3 —
Fy el s pwry| el il .H.~.l..:. vy s oy jovrd g :
=} -5 -+ & E. R n.J“ MLP mm* —.-.u..”. : z'w -1 [ 1 LL ¥ 33— .c»H
8 T - T Hs a4 Muxd Links a1 ~4 -4 444
IR PR 1 JREENY E i JUERY RN POTT 44 $a--f. :
=] 3] bh il ar] fo kel el it :
Pyl Jaal) it R i) BRAYY r: tan blmln Ku Yake 11
S i e 8y R T Ty i3} M aE R = o
A ER Hhile | B s ;LA T3 o e s 0 o
YN : i 1 kN A cobu R Ly a
SCH oy fom.am B354 1 *mL i 14 " i1 H1d . e
. 1 .-u ~ 1 —MA". ks ' . e . . 0
. .2 . P : 1§ gt o f oo s | 1ad -l e
- = T ’ 311 : i1
AEsEsiGi T it [l (@ il :
g [aas] REVE H P e -4 : : H \
- dd ') aw s -w‘. —— : 4
i v iz g e H ; f
30 pu ' pREED EYSC < ERERY : :
9% Il R ] - .;« sia ki Bl 1
o C5 R{EaEwe cadid EERNY puidlfunai panny il i wavn fi iy
S A (e e el
— : S ¥ 145 i ol Eantd A R Ll -4 2 <
2 - : ] - [ WEY B + 4 odf44i+ 1 ~S4d 4
-3 d 1 : tit 414 s ol o~
i . A R 1 e e v i
M.. — u AEUREI TR R SR RS ] .‘.H.F 4 [UREN P M.l: ﬁﬁl G N
e R R B RS,
n y B Py PUEaL : 2
. q 5 ' 57 i) +L .P—.u. } tLAﬁu ¥ 1 —L 111 fd L [}
™ B 1} ﬁ T ryem & .A_vb .:L .puA 'y n
-t | <4 4443 - r~1 et - A
M z ., B R A H
H= i il il Bl thibd :
N f—rey : : dhen L - e 3 o
A pYR 2 5 1§41 3y1+ I -t §=- X 14
141 ] mBay ne i~ »“._.“_M 45 Fas] ¥ .um
i a1t N +H M,T.. SESBURS) NSREN FE A X I b
. — Py T N DU iy FEYON [EESIg c
i e ideesed jiy lEh ER st EeERE i
1L San] BAZh 11433 R2s] ant k] J : 4 -+
i X H H 11 24) ) ~4
i Hi: i HH i | e i .
LAY [ ] * 1 <
v s ] . 4,AL - n. 4y 0
- Y] RN 4. -« bbe - . I 3 [l i P e e B,
e Ty nninie T I s el e i A
i I N i
= } : 41 nhiMent b fuy S al I : s
) 3 . : T1H.er. 1 i+ [ 34d
- +1 1 + ye da » - v+ 4 [ H 41 4
g j i Hi! HiiH HHH i
- y hb ” 3 * 'y 444 e §1 -
Y 4 ! : :
pty . ! “H1f N RSN IR E 2 :
L8 ” 1 J4Ta + alaly :
2 ) -
3 -t -4 ' "
3% T HHH A4
e o0 19 &0 §9 & 3 s .o ® o o o o0 o o " M " T wen




e r PP - T ST T e L

e s e e et A e AT A% B0 AN B TR P 1 A AR R YN e by 4 NS TS 04 N IO ey L PR Ha e

ay8uy Mo 111 @8eYq VAW - ;1 2an81d

.~
-
"
-]

0 0 ot 14 ot $ o 10 so0 190

2
2
-
o
o

<6

(713 668 16

09
fed. - H - SSEIR . oy [N AT . ST QU U SERy B PR RN pR.S TR -+44 4
R B o kR 38 Fr Hir ]
L8 Faghy et rﬁ H:u I+ M s 11333 ] _‘W 5 ' A4
U “i be 44 +44 .,!.,_m. i i Jﬂ 1+ 14 r$
PR N b gantl i R R # ad e o b vl Fanol f wwidn Ll I i o1 - o
Pt % 4 4 T P : mq rot] Ry nad 128 Fiwh i Mtw 4:... SH i) RS R i 27 .
- ol W ]ORN PR S LT3 FE b ﬁ.r .Ll.rH + st
40 Y RN Y Hi- a4 PR 3 - {44 :31 .,
44 e NN B 3717 ] .Rr— ._v 3 1 i 1
o w NN el b i mf.. a7t T...w‘.. m. i He L gk il :
=) =H = Hilil e il et s b T
o et Bl m et Nin : HiliH H Mr., HT {
BOWH NN Ry B1 $1351 M1 L.l RERE T E 2 B -4 -+ 0 ,w
P B . g .5 bagteeetb-44-i-9 ey gy ]2 - - ; 4 m et .
B e e ke i HRa! i g 14 E :
i I|T ~¥ T * - - nid 1.1“.“—. iy .mlH e o .*» u IBE] Y !
=11 A5al Russ ikt E3Tw Mn e RAS WA R \( : — i ' ;
N N [} P - 4 i-4-1. eyl Iy <00 P L4 t gt H
iTH Rk ﬁ»ﬂ :; Hi ha b &1 it ; ;
i i ik i R rrad J7 2 i ot ; ! ‘ m
& Al it e [EeE ==t w |
1 133 H ok e 2
: e nu) grag) i afnfpeand i i : m
A [] & . L . "A'l 1 LN
[ e ﬂ-.r bl r i 1 Mwh i gaE HE A w. .“»m
sls s : T Az
T m wudM nid, AT il LI - 4 . 2 vy ]
: = : HH R IS ] T a WREN YN Iy o~
et 3 n - 1 ..h:l M - % 1 n_u-—* I 41+ .”- 1,y ]
'Y - 4 e - - . - "
T SEH RAst A i T ozt bl & ik i
" : .. wujgh i : T ,
s b Iol{m .\thr 1 m va1 ﬁl 1 1 m\wm.. L1 1 : M
- pua l_v. = H - .
1 s o | e o1 rfryes o
- 4 1 4 Lod
L i 3 : p x‘ H H . R .m . L
H Pty e L .+ ns 44 T..—f
1 8 by LS N ) +H{& |4 - 4 ks s e B = :
4 [} [ +4- N o34 3
- I i ana) Fav kg fRaxd uned in it i i
131 i : : (3 . § 4 ; < '
il Ti.]3 ST PREY juaky ol hua Ry B ytiifn = ¢
T 115 \ .4 H S »._ 1 mxr ry ” ] .
it EE 1 i filti piApeet] e povy HH[H . = |
: {4 -1 SRt WS farh -
P 22 331 T art il
T e e e e SR R + .
4 - o b4 T v *
— 1N sppEL ?7. H ] Hi1 2 Eu T ut
.ot n 4 - EUREERTRITT 4444114t +tlr .ﬂm"» 4 m 5T |
S 111 i h ¥ Hi rrm SR 1 ; 1
e TR R HEE 3 Ho o) s - .
. Bl ik i
s H- ni 1 :
~ 0 ikt THHHY HHH i

Ly
'
]

1 ELETELE
-+
N
) &
e
H
=3
e ol
o
!
—t
Ld
L{.p
ek
vy
Smbobe

=f
'
1S
A
oy
| -
7

- - |
.
1
1
4
b

L
T :
1) 3
100 t00 29 30 s J 3 ] -0 ] ot L [} [ J oL [ [ ] 1] " ] e 668 . wes




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 902
confidence envelope and that approximately 50 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

Fabricate and assemble XM747E fuze assemblies for shipment
on February 29, 1980,

1.10 Expepditures j
Expenditures for January 1979 through Jamuary 1980, $89,500.
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How to 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 Donaid Pesliner, Arsoviate Biiter, Meterials ;in Design Engincering

8 Application of statistieal qual-
ity coatrol principles is simaplified
when arithmetic probability paper
is used. This type of paper has
as its abecissa a probability scals,
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 between 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 a 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 grouping.

Arter arrvanging the data so
that cumulative percentanges can
be obtained and plotted, the next
step is to determiue the scatter
of data 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 dals is
small 730 or less)~Arithmetic
probability paper, in this case,
is used as follows:

1. Arrange the data in order

TABLE 3-ARRANGIIG DATA FOR USE

WIS TAGLE 1
Reacranged,|
Magnituds | Cumulotive
Observation increnting | Percent*

... ol N 42
m........... & 125
ol............ @ 2
M..............;] N a2
“m.......... o 0s
w............... . o .Y}
0......... . ) 42
... .. ......... ol @s
... ... & %4
-.. ..... o n
“‘tl'.o-..-. LIN 24 “ “’
g, eisess 500 %3
*Taben tveus 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
{arge—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 winiucom
erpected values for use in setting specification limitx.

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 perobability 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 2657 of

TABLE J=ARRANGING LARGE NUMBIRS OF GRIERVATIONS

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

“This nsumber atnnet be pivited slnee, thesrvtivnlly, U in 2 Infinlty on this srele.
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3—-1100 groups of hardness dala are

confulence envelope: de net overlap ot the 50% ordinate,
the groups ave different and Process A will produce
betler resulls than Precers B 95% of the time.

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

3. The confidence envelope in-
dicates that 96 times out of 100,
as little as 7.5% and as much as
43% of the material can be ex-
pectad to exhibit a tensile strength
below the specification minimum.

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

To set xp specification limitsam
Take a case where a literature
survey turned up a promising
casting alloy but, as usual, only
average mechanical properties
wers quoted. Since an arithmetic
average gives no indicotion of
values at the extromes of a dis-
tribution, u more precise cstimate
of mechanical properties was
needed for specification purposes.

By pouring tensile hars from
scveral axperimental heats, it is
possible to foreonat the minimum

T o

1.
iool-
P s

84% ordinate.

expected values of yield strength,
tensile streagth, elongation, 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 psi 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 sets of
data to determine whether they
were Dicked from the sume or
from difterent distributions. This
is a general engineering prublem
since maty situations occur where
a design or process is changed
and a decision must be made as to
whether a real improvement has
been obtained, i.e, an improve-
ment that matches the oconomic
factors {nvolved.

Two heat tresting methods
gave the hardness resuits plotted
in Fig 3." 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) showas that
process A will consistently pro-
duce higher average hardness
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Cumuiative Percent

Q—Confidence envelope for logarithmic probability paper.
Estimate of standard deviation (s) is made equivalent
to distance botween 50%e urdinate and cither 16% eor

values. Since the confidence en-
velopes do not overlap at the 60%
ordinate, it can bLe stated with
95% confidence that the two heat
treating processes are signifi-
cantly different.
VJhen data sro not
normaliy distributed

One major shortcoming of prob-
ability paper shouid be noted
here. If the data do not fall on
an approximately straight line
when plotted on arithmetic prob-
ability paper, this method of
analysis camnot be u«ed. Rudical
deviation from a straixit line in-
dicates a skewed distributivn
(some types of data, such as
measurements 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 which the arith-
metic mean (X) and the estimate
of standard duviation (8) cun be
obtained sometimes lcads to an
artificial “fit” 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 mathemntioally
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or S destribution of logurithms
of tiic visscrvations must be coa-
sideseid.

If legurithms arc used, two
approacuvs aure possible. In the
firat, the logarvithms of the obser-
vatious are plotted on arithmetic
probubility paper. This is often
mwse couvenient than using loga-
rithmic probability paper because
the scale of tho ubscissa can be
chosenn to fit cach set of data,
while the logarithmic probability
paper has a fixed number of
cycles. If logarithmic probability
paper hay a fixed number of
<tandard deviation, s, is obtained
by subtructing the log of the 50%
value tfrom the log o° ti: value
at 849 aud expressing s as the
ditference in logs or in fructions
of log cycles,

The confidence envelope—If 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 puper is used, the method
for caleulating 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 169 or 84%

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

The graphical mnethods just de-
scribed are excellent tools for
evaluating propertics 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 at one time. A
statisticnl design may evaluste
the existenco of interactions be-
tveen sgverul varinbles, usually
one of the pitfalls of the “one at a

FASTGR & POR LIULTIPLYILS TilE CETILIATID STANDARD OZVIATIONS
OF X AliD ¢ TO CITAIN COKFIDINCE CHVELOPES

its sigaificance

In Fig 1-4 uote that an “en.
velope” has becn drawn around
the curve representing test
observations. The confidence
level chosen and the confidence
envelope associated with it are
used to answer the question,
“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
diferent distributious. The use
of a eonfidence envelope, which
takes into account errors in the
mean (X) and estimate of the
standurd deviation (s), becuines
a 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 loval 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 tnct

nﬂm cannot be made. Fig §
on the next page indicates that
the degres of reliability increases
with the number of observations.
It also increascs when the confl-
denes level is decreased. In other
words, as the width of the confl-
dence envelope decreases, the
amount of scattor to be expected
in data also decrenses. By sucri-
ficing some degree of certainty
it is pousible tn actually increase
the practical utility of a state-
ment of material properties.

Sample Suzc
Probabi
L, % 10-15 16-20 4R | VeryLage
17 173 171 165
20 210 206 15
303 2358 279 253
The Confidence Envelope

How to construct it

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

1. The true arithmetic wmcan
lies within the interval
X*=ks/Vn
2, The truc standard devia-
tion lies within the intorval
"l s=ks/VZn

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

Usmc the values of X and
derived from Fig 1, the con-
fidence envelope for these obser-
vations was derived as follows:

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

fidence level and 22 obsexvations,
& == 2.06. Therefore, ks / V==

= (2.08) (2550)/ VE2Z &= = 1120
m .

The range of the estimaty of
the standard Jeviation is = ks /
van. Since k and s remain
the same, the interval is =
(2.06) (2850) / Vi == = T
psi.

To construct the confidence
envelope, at 50 cumulative per-
eent plot two points: onc 1120
psi aluve and one 1120 psi bee
low the carve. At 16 and 4
cumulutive percent, plot points
1910 pal (1120 psi + 780 psi)
above and below the curve, Con-
necting the points preducos the
confidence envolope.
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timn"” approach. ts T
Statistical techniques  permit | |

e eagineer to decide the mini- 14 ! 100

. n tia  number of observations ;4 i ‘

uecessary to make a roliable de-
cision. Since the cost of making
each obgervution is usually fixed, 12
such kuuwledge can save the engi- 1
acer both time and money. 7
a tool for all engineers cannot be 7, valve o &
overemphasized. It is a particular- 8
Iy valuable tool for those who are 3
required to predict results or <
lormulate addition.l, and possibly
expensive, progranis on the basix
of a few test results. Large 7
avaluation errors may be made
when only a few samples can Le
taken.  Consider, for example, <
these two diametrically opposed "
extremes of evaluation errors: -
1. A positive result is obtained 00i QI 08 2
v the first trial when the prob-
ability of obtaiuing such a result
is allatuvely low. This is an un-
fortunate situation since a large
eflort may be expended in an at-
tempt to obtain the original re-

vglue.
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Cumuighive Percem

S—Reliubih'tu increases as the nwumber of observations incrcase. A similar
effact results when the confidence level is decreased.

sult.

2. The reverse may occur and a
hegative result is obtained when
the probability of obtaining a

positive result is relatively high.
This places the predictor in the
position of, perhaps, discontinu-
ing a potentially successful pro-
ject. The unfortunate corrollary 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 ean be visualized as follows: Assume that 4
represents the standard normal distribution curve
of a set of data, the familiar “bell-shaped” curve
defined by ¢ (t) = (1/ VI7) a2, Integrating ¢ (t)
results in a curve similar to- B on which is
plotted the cumulative percent of observations at
or below a given value, agninst that value. If the
abucissa of B is now stretched symmetrically, but
nonlinearly, about the 50% value, the curve be-
comes a straight line (C) and the scale of the
abscissa becomer a probability scale. Cumulative

e of Otsesvohons

:
i

» >

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 ¢he papor

‘Two gources for probability paper are: Codex
Book Cn., Norwood, Mass. (arithmetic—Nv. 3127,
logarithmie—No. 3128), and Xcuffel & Essar Co.,
New York City (avithmetic—No. 359-23, logarith-
mic=-No. 359-22G).

Cumuigtive Percent
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