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FORWDORD

The Army Mathematics Steering Committes initiated the present series
of conferences in October 1955. It is the intent of tais Commitiee that
these Design Conferences afford an opportunity to statictical design spe-~
cialists and Army research, development and testing personnsl to get to-
gether and exchange views and experiences in this repidly growing field.
It is also the intent that through invited addresses and special psnel dis-
cussions many of the new developments in the theory of Statistical Design
and Analysis of Experiments be brought to the atteation ol A:my scienlists;
they can the. make use of these new thecries to help solve some of their
complicated design problems.

It is of interest to note that the host of iliis Conferencs, ths Ialltstic
Research Laboratories, has for meny years recognised the importance of
mathematiosl statistics and actively applied the methods in Army rerearch
and development. In 1926 Dr. L. 8. Dederick derived in an unpublishod
manuscript the probability distribution of ths sample renge. In 1936 .
Genersl (then Captain) Leslie E. Simon formed within the Ballistic Research
laborstories 8 group essentially concerned with scientific san .iing. At
about this same time, he, with Colonel H. B. Zormig, published a paper
entitled "The Proposed System of Burveillance of War Reserve Ammunition. *
Among the many BRL repoits in the field of statistics two papers by R. H.
Kent, one issued in 1938 on "The Most Economicel Sampie Size” and the
other in 1940 on "The EBstimation of the Frobable Exrror from Successive Dif-
ferences® are representstive of early work and served to stimulate additionsl
research in this field. Other esrly Ordnanoe contributions include the
Crdnance Sampling Inspection Tebles. These were very important during
World War II and were the forerunners of the tables standerdiagd by the
Departme: of Defense as Military Standard 10SA. Mathemstical Statistics
has been, and is, playing an important role in the ocontinuing research, devel-
opment and testing activities at the Aberdeen Proving Ground, and the above-
mentioned papers are but a few of the many contributions that have been made,
and are being made, to this field by the scientists at the Ballistic Research
Laboratories.

The five invited hour addresses at the 8ixth Design Conference were
wclivered by F. J. Anscombe, W, 8. Conner, J. R. Duffett, J. E. Jackson,
and W. J. Youden. Residuals, experimental designs, reliability, and muln -
~ar{ate analysis were the topics discussed by the first four of these speakers.
W ]. ¢ uden, the banquet speaker, talked on "The Enduring Values", A
sane. ... *ussion on "Common Pitfalls in the Decign and Analysic of Experi -

5™ was nrganized and chairmanned by G. E. P. Box. The members .

Best Available Copy
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his panel were C. Daniel, J. 8. Hunter, W. J. Youdan,.and M. Zelen.

In addition to thess addresses, ten papers were presented .n the Clinical
Sessions, fifteen in the Technical Sessions, and eight by title. Special-
ists in the Clinical Sessions were asked to discuss experimental designs
in the areas of tolerance and calibration problems, optics, bomb salvos,
fatigue limits, missile safety, and multivariate anelysis. In the Technical
Sesgsions, personne! management, simulation, trajectory analysis, aerocol
chamber data, nerve gas experiments, reliability of wvapon systems, and
response surface analysis were but a few of the topics that were con-
sidered.

The 8ixth Conference was attended by 115 registrants and p..1ici-
pants from 58 organisations outside of the Ballistic Research labors -
tories. In addition, 71 staff members and other personnel of ths hoat
organization were present. Speakers and psnelists came from Bcoz,
Alien Applied Resesarch, Inc., Camadian Army Operational Research
Establishment, Cornell University, Dafence Resesrch Medical Labors -
tories (Cansda), Eastman Kodak Compeny, General Analysis Corporation,
Hercules Powder Company, Nationsl Bureau of Standerds, Princeton
University, Research Triangle Institute, Spece Technology Laboratortes,
Inc., University of California, University of Chicago, University of
Georgia, University of Maryland, University of Michigan, University of
Wisconsin, Virginia Polyteshnic Institute, and 1S Army facilities.

The members of the Army Mathematics Steering Committee take this
opportunity to express their thanks to the many speakers and other re-
search workers who participated in the Conference; to Brigadier General
John H. Weber, the Commending Genersal of the Aberdeen Provina Ground,
and Colonel J. P. Hamill, Director of the Ballistic Reseerch Laboratorios
for making such excellent facilities available for the Conference: and
to Dr. Frank E. Grubbs who served as Chairman on Looal Arrangements .
Thanks are due many others at the Laborstories for the time and the
help they gave the narticipants. Of these, Mr. O. P. Bruno and Major
Joseph E. Sowa deserve special mention. They handled many of the
lccal details for Dr. Grubbs and organized the interesting tour of the
iccal facilities.

[

Best Available Copy
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. Finally, the Chalrmur wishes to express 1is appraciation to the Ad-
visory Committee: G. E. P. Box, F. G. Dressel (Secretary), Frank E.
" Grubbs, Boyd Harshbarser, Clifford 1. Maloney, J. 8. Hunter, and”
Mamvin Zﬂlon for their help in organizing the program of the Conference,
and especially to Dr, Dressel for coordinating the Conference program
and stearlng these Procesadings through pubucafion.

S. 5. Wilks
Professor of Mathematics
. Princeton Unlversity
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1 ¢ - . M .
o f : . ' AR
ﬁi ! Theater No, 1, Aberdeen Proving Ground YN
o GEMERAL SESSION I; 0945 - 1215 - Theater, No.'] _

i ‘Calling of Conference to Order: '

S i . -
n ; . Dr. F. E."Grubbs, Local Chatrman
{ o, - Welcoms: - o
:'_-_.I o _ Briyadier Genera.l H. Weber, Commandlnq Gene'al Aberdeen
a" . . Proving Ground
, ' ~ Introductions
Colonel J. P. Hamill, Director-of the Ballistic Resevarch laboratories
i : .‘ ) Chairman:
; Professor S. S. Wilks, Princeton 'Unlverllty
Invited Papers; .
Reliability
- Dr. James R. Duffett, Space Technology laborutories, Inc.
Examination of Residuals
* Professor F, J. Arscombe, Princeton University
. At 1215 buses leave Theater No. 1 for the Chesapeake
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‘Wednesday Afternoon

There will be three Technical Sessions and one Clintcal Session con-
! ducted Wednesday afternoon. Technical Sessions Iand II will he held
\ concurrently from 1400 to 1500. From 1515 to 1645 Technical Session III and
. Clinical Sessian A will be running concurrently. The security classification -
. of the first paper in Technical Session Il is SECRET. No clearuncen are
) tequmd for the other papers gtven on Wanesday.
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TEQHNIC:\L SESSION 1; 1400 - 1500 - Cheupeake ~ Room A

e its B g - e e b o

S - I . Chatrman: Joseph Weinstein, U, §. Army Signal Research and
. Development Laboratory :

2 Simulation Error-Model for an Atrborne Target Location System ~
E. Biser aud John Beckmann, U. 8. Army Signal Research and
Development Laboratory

_ Analysis of Some Trajectory Measuring Instrumentation Systemll -
i " 0. L. Kinhgsley, .Range Instrumentation Division, White Sands
" Missile Range

0

‘. LI .

.~ - s . .
TR . R

TECHNICAL SESSION 1I; 1400 - 1500 - Chesapeake ~ Room B

Chairman: Clifford J. Maloney, U. 8. Army Blologlcll Wharfare
laborateries

A Trial Comparing Certain Side Effects of Two Nerve Gas Antidotes,
Using Human Subjects - C. A. de Candole, Defence Research
L- Medical laboratories, Downsview, Ontaric, and B. A, Richardson,
Canadian Army Operational Research Establishment, Ottawa, Canada

- An Application of the Exponential Hazard Model to Aerosol Ghamber
3 Trial Data - Theodore W. Horner, Booz,Allen Applied Research, Inc.

COFFEE; 1500 - 1515 - Chesapeake )
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CLINICAL SESSION A: 1515 - 1645 - Chesapenke ~ Room &
* Chatrmen: Ralph E. Brown, Frankford Arsenel
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Panelists: . G.E.P. Box, The University af Wisconsin
A. C. Cohen, Jr., The Untveutt); of Georgia

W. 8. Connor, The Reséarch Triangle Institute
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i . ) . : i H. A. David, Virginia Polytechnic Institute
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¢ - , J. R. Duifett, Space Technology uboratorie: lnc.. -

Calitration of a Zinc Sulfids Particle Detector ~ John B Mamqn.
C _ : Methods Research Section, MR & AE Branch, Technical Evelustiam
‘ - v 7 Diviaion, Chemical Corps Biological Laboratories .

Etfects of Alming Polnt Patterns on Bomb Salvo Target Coverage ~
: . K. D. Doner, Systems Analysis Laboratory, OML Division, Army
” o - Rocket and Guided Missile Agency, Redstone Arsenal

a : . —_

K ' The Tolerance Strucmre of Complex Systems - William S. Agee,
Flight Stmulation Laboratory, White Sands Missile Range

o | TECHNICAL SESSION [lI: 1515 ~ 1645

I The first paper in this session ¢arries a security classification cf _
SECRET and will be held 1n Room 259, BRL Bldg. 328. Transportation fom
the Chesapeake to BRL Bidg. 328 will be provided at 1505 hours.

The second paper will be given in Room B, the Chesapeake, beginning
at 1610 hours. Transportation from BRL Bldg. 328 back to the Chesapeais
will be provided at 1600 hours.

Chairman: F. Howard Forsyth, Office, Chief of Ordnance, Department
of the Army

sni Bldg, 328

Allocation of R?sourcen and Military Worth -~ Walter E, Cushen,
- ) Operations Research Office, The Johns Hopkins University
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Room B, Chesapeake

An Experiment in Personnel Management Evaluation - Richaid R.
Blough, Statistical Research Center, The University of Chicago

Wednesday Evening: The cocktail lounges at the Chesapeake and th-
Main Club tre open from 1630 to 2300 hours. The dining room &t the Main
Club is open from 1800 to 2000 hours. ’

Buses will take conferees to motels or Main Club.

Thursdey, 20 Qctober

Clinical Session B carries a security classification of S8ECRET. It and
Technical Session TV will run from 0909 to 101S. Clinicsl Bsssion C and
Technical Session V scheduled from 103} to 1230 complete the morning phase
of the program. In the aiternoon Technical S8essions VI and VII run concur-
rently from 1400 to 1440. General S8ession II will bs a punel discussicn
and is timed from 1500 to 1645.

TECHNICAL SESSION Iy; 0900 - 1015 - Chesapeake - Room A

Chairman: Gertrude Weintraub, Missile Warheed and Special Projects
Laboratory, Ploatinny Arsenal

Reliability of Weapon 8ystems Estimated from Component Test Data

Alone - Henry DeCicco, U. 8. Army Ordnence Special Weeapons-
Ammunition Command

Performance of Propellants Eveluated by Tensile and Sallistic Tasts -

Niles White, Propellant Branch, Propellant laborstory, ARGMA, anrd
Boyd Harshbarger, Virginia Polytechnic Institute

2 LINICAL SESSION B; 0900 - 1015 ~ BRL Bldg. 328, Room 259

securtty Classtification - SECRET

rraportaton trom the Chesapeake to BRL Bldg. 328 will be availabl.
=40 hours. Bus from BRL Bldg. 328 to Chesapeske 3% 1915 hours)

Best Available Copy



CLINICAL SESSION B: {Cont'd)

> Chairman: Edward W. Chittenden, Diamond Ordnance Fuze Laboratories

Panelists: R.-M. Etssner, Balliatic Research Laboratories

Walter Foster, U. S. Army Biologicel Warfare Labor-
atories ‘

T w*ff7 B~ C

[
.

J. R. Johnson, Ballistic Research hboratoﬂqs

Cliflord 7. Maloney, U. 5§, Army Biological Warfare
- : Lsboratones _

, . | 8. 8. Wnki, Frinceton University
Marvin Zalen, University of Maryhnd

. Multivariate Anulysis for Project Michigan Experiments - Emil H.
' Jebe, The University of Michigan, Willow Run Laboratories,
Oporationa Ressarch Dupartment

) - Problems in the Analysis and Interpretation of Project Michigan -
William A. Grown and Emtl H. Tebe, The University of Michigan,
Willow Run Lohoratories, Operations Research Department .
COFFEE; 1015 - 1030 - Chesapeake |
CLINICAL SESSION C: 1030 ~ 1230 - Chesapeake - Room A -
. Chalrman: Elizabeth Scott, University of Californu. Barkeley
& i’anelists: R. 7. Ansgpmbe, Princeton Unlvqﬂty .
;. . ‘ Robert E. Bechhofer Coruell University !> -
H. A. David Virginta Polytechnic Institute
J. Edward ]ackson, Eastman Kodak Company ‘ " R,
Jerzy Neymari, University of Cgltfomla. Berkeley r =
A

RS .
.................




‘ INICAL SESS 2 (Cont'd). B - ' .
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' Computation of Expected Resolutton Improvement Pactor - Chandlct
Stewart, Mine Detection Rranch, Engineering Research and
K Development laboratories

Panoramic Viewing Utilizing Hyperbouc Elltpsoidal Reﬂecttnq Optics ~
e : Donald W. Rees, Physical Bciences Laboratory, U. 8. Ordnance -
i Tank - Automouvc Lominand, Detroit A.rsenll

. Some Statistical Problems Related to Missile Safety Paul C. Cox,
Reliability and Siatistics Offtce, Ordnance Mlsston, White Sands
Missile Range .

'TECHNICAL SESSION Vi 1030 - 1230 - Chesapeake - Room's

Ch&irman. lawrence lLangwetl, Warhead and Spectal Projects Laboratory.
Picatinny Arsenal - o _ S

' Design for Welghing Caltbrations - Neilson, Herculel Powder
Company, Magna, Utah o IS

Response Surface Analysis as Related to Repellant Research -
D. G. Boyis and E, A. Perlmn, Hercules Power Compuny, Magna,
Utah

Application of Factorial Experiment and‘ Box Technique to Baul.mc'
Devices - D. J. Katsanis and C. 1. Fulton, Frankford Arsenal

LUNCH;

TECHNICAL SESSION VI; 1400 - 1440 - Chesageake - Room A

Chairman: A. Bulfinch, Quality Assurance Division, Picatinny Arsenal

1230 -.1400 - Chesapeake

On the Problem of Negative Estimates of Varlance - W. 8. Thompson,
Jr., University of Delaware, and J. R, Moore, Surveillance Branch,
Weapon Systems Laboratory, Ballistic Research Laboratcries

........................
...........................
...............
......................
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TECHNICAL SESSION VI 1400 - 1449 - Ghesmpesie - Room B -
Chairman: S. A. Krane, General Analyns Corpmum. Dugway Provlng
Ground Office -

Y

__
e
o

'Buud-Up“ of Single Polnt Source Data - R. r. White, General
Aralysis Cm'porution, Dugway, Utah

COYFEE: 1440-1500 Chanpuke

T g R
© .
a :

GEINERAL SESSION TI: 1500 - 1645 - Chela«poaka = Room A

Fanel Discussion on Common Pitfalls in the Deugn and Analysis of
Experiments.

Chairman: G.E.P. Bax, The Un!mltty'of Wi'scbnnn
Panel Members: Cuthbert Damcl, Prlva-ie Consulwant

J. S. Hunter, Mathemattca Rosearch Center,
The University of wxuconsin

W. J. Youden, Notional Bureau of Swandards
Marvin Zelén, The University of Marylénd .

After General Session II, buses will take conferees to motels or Main
Club for cocktails and dinner.

SOGIAL HOUR; 1730 - 1830 - Main Club, Officers' Open Mess

RINNER; 1830 - Main Club

Chatrmen: Frank E. Grubbs, Ballistic Research Laboratories b8
Speaker: W. J. Youden, National Bureau of Standardl = *The Enduring r .
Values.* CLaen

day, 21 October

Techr ical Bession VIII and Clinical Session D are scheduled for 090D -
1015. General Session III is called for 1030 and will run until 1230. After
lunch there will be conducted tours of the Ballistic Research lLaboratories.

..............
.........




X | TECHNICKLSESSIONVI; 0900 - 1015 - Chesapeake - Room A

? Chairmem: Badrig M. Xurkjian, Diamond Ordnance Fuze Laboratories
P

|

Some Tests for Outliers-C. P. Quaaenbexry and H. A. Devid,
Vtrqima Polytechnic Institute -

£ 3
e e g

- 4 . : | Note on Precision of Graded vs. ﬂ.\-—or-None Rnponlelin Bicassay ~
o _ § Francis M. Wadley, U. §. Army Chemicsl Corps Biological

[ . laboratories , ‘ :

" CLINICAL SESSION D; 0900 - 1015 ~ Chesapeake - Room B

Chairman: T.N.E. Grenville, Research and Ergineering Dtvlslbn; ,
' Departmernt of the Army, Office of the Quartermaster Genenl

Pamu:u- R. E. Bechhofer, Cormnell Unlv'rmy
O. P. Bruno, Ballistic Research Laboratories |

A. C. Cohan, Jr., The University of Georgia

Boyd Harshbargar, Virginia Polytechnic Institute
! o .J. S. Hunter, Mathematics Research Center -

H 1 : ’ _ Comparison of Fleld Wear and Laboratory Testing of Fabrics for
v Military Garments - William S. Cowie, Textile Clothing and
Footwear Division, QM R & E Center Laboratories, Quartarmaster
Research and Engineering Command

) . Estimation of Condemnation Limits from Limited Fatigue Runout
. ‘ " Data on Full Scale Components - J. P. Purtell and G. W. Egan,
. Research Branch, Watervliet Arsenal

COIFEE; 1015 - 1030 ~ Chesapeake
GENERAL SESSION ITI: 1030 - 1230 - Chasapeake - Room A
Chairman: Boyd Harshbarger, Virginia Polytechnic Institute

Development in the Design of Experiments - W, S. Connor, The
Research Triangle Instituts




ENE ESS ; !

Multivariate Analysis Illustrated by Nike~Hercules

1. Separation of Product a..d Measurement Variability

II. Acceptance S8ampling - J. Edward Jackson, Eastman Kodak
Company

LUNCH: 1230 - 1400 - Chesapeake

TQURS; 1330 -~ Conducted tour will be initiated at the Chesapeake

SUPPLEMENTARY PROGRAM

The following papers were received too late to be considered for places
on the agenda. We hope that the manuscripts of these papers will be sub-
mitted for publication in the Proceedings of this Conference. (Papers are
listed in order of receipt in the Office of Ordnance Research).

A Virulence Measure for Minute Organisms - 8. A. Krane, General
Analysis Corporation, Dugway Proving Ground Office

Design of an Experiment for the Most Efficient Conduct of Safety, Re-
liability and Performance Tests of Fuzes in the Design and Development
Stages - Gertrude Weintraub, Missile Warhead and Special Projects
lLaboratory, Picatinny Arsenal

Design of an Experiment to Evaluate the Effects of Various Factors
Affecting the Acceleration of Unconventional Fragments - Gertrude
Weintraub, Missile Warhead and Special Projects laboratory, Picatinny
Arsenal

Design of the Laboratory Statistical Reliability Program for the T46El
Warhead - Alfred Fiorentiono, Warhead and Special Projects laboratory,
Picatinny Arsenal

Design of a Laboratory Reliability Program for the XM44 Shillelagh
Missile Warhead and the XM805 Fuzing System - Lawrence langweil,
Warhead and Special Projects Laboratory, Picatinny Arsenal

“enabilhity Prediction - AL Bulfinch, Quality Assurance Division.

P e R 1
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Best Available Copy
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i - Testing - Edward W. Chittenden;' Diamond Ordnance Fuze Laboratories
' ' Asymptotically Locally Most Pdwerful Test for the Identfty of Regres -
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; Elizabeth L. Scott, Statistical laboratory, University of California,
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Frank A. rlock o{ Untted Electro Dynam.lcl. The model

RELIABILITY ™
Jemes R. Duffery
 Space: Techoalogy IAboratmmu 711:..

A. BACKGROUMND., These personnel who have been 1nvolvad in the flight
testing of complex guidad miesiles are, in general, aware of the phenomenon
that a much higher systamrellubility (R) 15 obtained for an essentially series °
arrangemant of the eomponents than would prevail {f astimates of the compo-
nent reliabtlitien "1"' it=]1, 2, ..., D) were substituted mtothe mathmtt-
cal model

' R=rTy el T

This phenomenon has been oloquently expoved, and elucidated upon, by

| R=qr, 2°*Tn -

18 usually referred to as the "series* mode); itis alsoknownas the "cascade®
or *tandam® model. ' By contrast, those personnel who have been concerned
with the use of redundancy (1.e., the parelleling of components) in order to
lower the prebabiifty of & dud (1.e., the unreliability of the payload) have
observed a phenomaznon which 18 opposite in effect to that which has been
observed in the series case. Namely, 8 .system of components arranged in
parallel evidences, in general, a lower reliability (R) than would bs obtained
if the estimates of the component reliabilities (rt'l, i=], 2, vee, M) Ware
substituted into the mathematical model

Re}-Q- '1)'(1 -lr2~).... ¢- rm).

This last model Is usually referred to as the "redundant” or *parailel® model.

A plausible explanation for these two phenomena, which have op-
posite effects fer the series and redundant systems, i{s that the variation ol
the environmental stresses from component to component within the same
flight 1s small relative to the variation of the environmental stresses from
flight to flight. It is believed that, {n many redundant sysiems, the atresses
associated with the m parallel components within the same flight possess
such a small standard deviation that this standard deviation can be neglected;
in such instances the variation attributed to the streszes is essentially the

*This {5 an abstract. The paper itself {3 being submitted for publication in
TECHNOMETRICE,
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rtandart deviniror of tha . stresses S fight to mgm. "Thin beliet is attyi~
buted to the ianuwlnq {acts: _ _ ,

{1) The m parallel components are usually rwimtnd in close
physical proximity to each other and honce tend to have
the same quantitative values of the stresses.

(2) The m parallel components are usually of the same type
- and thus are subject to the same mode of fallure and hence
are susceptible to he same kind of stresses.

{3) Many Xinds of stresses vary considerebly from mqht _
to flight. .

Thess sams {acts can prwon in the case of some series systems, 9.¢., the
successiva amplifler stagas in an aquipment, the slectron tubes in a guid-
ance and control package, and the relays in a black box.

w. 1. Howard ) has considered the series situation for a specific num=

erical value. of the component rellability r and for Gauasian distributionsof .

strengths and flight-to~flight strasses, whereas J. R.Dutfett(2) has constderdd -

tha parallel situation for a large range of values of the compoment relisbility o .

r and rectangular distributions of strengths and flight-to-flight mouu plus
sartain generalizations of theae assumptions,

An interesting pathological oxampla of the complete brukdm of redun-
dancy 12 afforded by the following example which is presented in (2);

The m parallel components incorporated in the same missile
flight (1.e., tho pame end item) are subjected to axactly the same
strans; tho probablility distribution of the stresses from flight-to=
flight consiats of two isolated portions; and the probability distrie
bution of strengths {8 sandwiched {in between the two isolated
portions of the strass distribution.

It {s clear that the reliability R of the system is only v, {,e.,
R=r, and thus no gain in rellabllity is achieved by using redundancy.

(1) W. ]. Howard, "Chsain Roliability: A Simple Failure Model for Complax e

Mechanisms,® The Rand Corporation, RM~1058, 27 Ma: =h 1953.

(2) J. R. Duffett, "Some Mathematical Considerations of Redundancy*,
Radioplane Company, Operstions Analysts Memorandum Report Number
12, 25 October 1956.
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