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FORWAMD

The Army Mathematics Steering Committee irtiaited the present series

of conferences in October 1955. It is the intent of this Committee that
these Design Conferences afford an opportunity to statiticaI design upe.-

cialists and Army research, development and testing personnel to get to-

gether and exchange views and experiences in this raptdly growing field.

It is also the Intent that through Invited aeddrsses and special panel dis-

cussions many of the new devbIopments in the theory of Statistical Design

and Analysis of Experiments be brought to the attention of k-r-y scientists;

they can thei make use of these new theories to help solve sorne of their
complicated design problems.

It is of interest to note that the host of fkd Confmonxe, the Nlltstic

Research lAboratories, has for many years recognised the Importance of

mathematical statistics and actively applied the methods in Amy rpearch
and development. In 1926 Dr. L. 8. Dederick derived in an unpublished
manuscript the probability distribution al the sample range. In 1936

General (than Captain L aoh* 3. Simon form" within the Ballistic Research

LAboratories a group essentially ceonsmed with socientific sma .,ng. At
about this same time, he, with Wolonel N. N. Smr4q, publt.hed a ;*per

entitled *The Propsed 1ysm of kreillan of A r bMaerye Ammunition.
Among the many MM mrpsts in th field ed msnets two papers by ft. H.
Kent, one Issued in 1933 an "The Most -- mAoI bNple 81Re and the

other in 1940 on *The Estimation of the Probble Rmn *am &Woessive Dif-
ferenoes" are represetative of early wark and oared to stimulat additiona l
research in this field. Other ealy Otdmenoe oontribmtions tngke the
Ordnance ampling Inspection Tbs. Thme were very mpwmw.nt &wing
World War 1U and were the finorumiers of the tables tnduduAid by the

Departme- f Defnse as MIUiy mandmd 1OSA. Ifth-matiel Statistics
has been, and is, playing an important role in the montinuing rsomah, devel-
opment and testing activities at the Aberdeen Proving Gowvnd, 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 bilemtic Research
Laboratories.

The five invited hour addresses at the Sixth Design Conference were
-,livered by F. J. Anscombe, W. S. Conner, J. R. Duffett, ]. E. Jackson,
aid W. J. Youden. Residuals, experimental designs, reliability, and multi-
- !iate analysis were the topics discussed by the first four of these snr-Mkers
W J. I uden, the banquet speaker, talked on "The Enduring Values'. A
;-,•,n ' ., -ussion on "Common Pitfalls in the Dezcign and Analysi'- ot Ex"rn -

f,;" was nrganized and chairmanned by G. E. P. Box. The member- . .

Best Available Copy
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his panel were C. Daniel, J.S. Hunter, W. J~Yoddaza,*nd M. Zelen.
In addition to these addresses, ton papers were presented inl the Clinioal
Sessions, fifteen in the Technical Sessions, and eight by title. Special-
tsts 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 analysis. In the Technical
Sessions, personnel management, simulat~ion, trajectory analysis, aerosol
chamber data, nerve gas experiments, reliability of w.~epon system is, and
response surface analysis were but a few of the topics that were con-
sidered.

The Sixth Conference was attended by US5 registrants and p.4-Tici-
pants from 58 organisations outside of the ballistic Research Labora -
tories. In addition, 71 staff memabers, and other personnel of the hoAt
organization were present. Speakers and panelists come from Bcoz,
Allen Applied Research, Inc.,* Canadian Arm Opmta~ioal Research
Es tabli shmen~t, Cornel~l Universty, Defsbnae Research Medical La bors
tories (Canada), Eastman Kodak Company, Oemeal Analysis Corporation,
Hercules Powder Company, National Bureau of Standards, Princeton
University, Research mhangle Institute, Space Techniology Lakboratories.
Inc., University of Calffonia, University of Chicao", University of
Georgia, University of Maryland, University of Michigan, University of
Wisconsin, Virginia Polyte-,%nic Institute, and 15 kAry facilities.

The members of the Army MatheMatcs Steering Committee take this
opportunity to express their thanks to the many speakers and other re-
search workers who participated in the Cond&rence tok dier Gonru
John H. Weber, the Commanding General of the Aberdeen Provina Ground,
and Colonel 7. P. Hamill, Directo of the OUistic Resarch Laboratories,
for making such excellent facilities mavaiblo for the C.onjerece &nd
to Dr. Frank E. Grubbs who served as Chairman on Local Arrangements.
Thanks are due many other at the Laboratories for the tiwe and the
help they gave theprarticipants. (X these, Mdr. 0. P. Bruno and Major
Joseph E. Sow* deserve special mentign. They handled many of the
lecal details for Dr. Grubbs and orgnized the interesting tour of the
Local facilities.

Best Available Copy



F~inally, the Cha1rnnt w'ishes to express 'ýis appreciation to the Ad-- ,. ~visory Committee; G. B. P. Box, F. G. Dressel (Secretary), Frank E. .
Gruibbs, Boyd lirsbarý;r. Clifford J. Malonrey, J. S. Hunter, and'

. Marvin, Z1.cn fer thrŽr belp in organizing the pro'ram of the Conference,
and epvc-,11y tc Dr. D-.5sel for coordinbtinT Phe Conferenice pgroqmm,
and steering theseFo cYead1ir.9 through publication.

Professor of Mathematics
Princefon Uni~versity :..



PROGRAM

SIXTH CONFERENCE 011 MV,=3t lSGTZ Or- WY1MENTff n4 ARIw
RESE.ARCH, DEVEWPM &=W ADTESTG

19 -214 October 1960

* Wednesdip. 19 Oc-tober

REgIST1ATTON: 0845 - 0945 (Ea~stern- Daylight Saving TflmeY

Theater No.. 1, Aberdeen Proving Ground

GENtERAL -SESSION 1: 0945 -.1215 -Theater, No. I-

'Cai~ing of Conference to order:

Dr. r. z. crubbg, Local Cbairnian

2: - We lcome:

Brigadier General 1. IH. Weber, Commanding General, Aberdeen
Proving Ground

Introduction:

*fColonel 1.P. Hamill, Director-of the Ballistic Research laboratories

Chairman:

Professor S. S. Wilks, Princeton University

Invited Papers:

Relia bilitty

Dr. James R. Duffett, Space Technology 'Laborutorles, Ina.

Examination of Reosiduals ~
Professor IN I. Anscombe, Princeton University

At 1215 buses leave Theater No. I for the Chesapeake



A vfLedrtesday Afernoon ~ ~

There will be three Technical Sessions and one Clinical Seu~uion con-
ducted Wednesday afternoon. Technical Sessions Iland ll will hie hold
concurrently from 1400 to 1500. From 1515 to 16.4S Tevhntcal Sessiton III and
Clinical Se.ssion A will, be running concurrently. The security classification
of the first paper in Technical Session III is SECRET.- No clearances are
requir.~d for the other papers given on Wednesday.

TECHNICAL SESSION b: 1400 - 1500.,7 Chesapeake - Room A

Chairman: Joseph Weinstein, U, ff. Army Signal'Research and.
~ Development laboratory

A Simulation Error-Model for an Airborne Target Location Systema -
E. Biser andi John Beckmann, U. 8. Army Signal Research and
Dev~elopment Laboratory

Analysis of Some Trajectory Measuring Instrumentation Systems -

0. L.. Kingsley, Range Instrumentation Division,' White Sands
Missile Range

TECHNICAL SESSION 1i; 1400 - 1500 - Chesapeake - Room

Chairman: Clifford J. Maloney, U3. S. Army Biological Warfar

Laboratories
A TriAlI Comparing Certain Side Ef fects of 7Twou Nerve Ga s Antidotes,
Using Human Subjects - C. A. de Candole, Defence Research
Medical Laboratories, Downsview, Ontario, and B. A. Richardson,
Canadian Army Opbrattonal Research Establishment, Ottawa, Canada¶

An Application of the Exponential Hazard Model to Aerosol Chamber
Trial Data - Theodore W. Homner, Booz, Allen Applied Research, Inc~.

COFFEE: 1500 - 1515 - Chesapeake



* *..nr,-.C¶?,I-.n SEg A- ISIS' - 164Z5 -.fheyapeal.ih-*eW - • *.A,.

Chairmen: Ralph E. Brown. Frankford Ar l

Panelists:. G.E.P. Box, The University of Wis'consin

A. C. Cohen,. Jr.. The University of GeorgAa

W, S. Connor, The Research Triangle Institute

B ~H. A. David, Virginia Polytechnic: Institute

J. R...Duffett, Space Technology Laboratories, Inc

Callibration of- a Zinc -Sulfide Particle Detector - John 9. Malligo.
Methods Research Section, MR & AE Branch, Technical Evaluati 04

"Division, Chemical Corps Biological Laboratories . :

Effects of Aiming Point Patterns on Bomb Salvo Target Coverage -
D. D. Donor4 Systems Analysis Laboratory, OML Division, A•''

".1 .4 Rocket end Guided Missile Agency, Redstone Arsenal

The Tolerance Structure of Complex Systems - William S. Age.,
Flight Simulation Laboratory, White Sands Missile Range

TECHN1IA1, SESSION 111: 1515 - 1645

The first paper in this session carries, a security classificetion o4
SECRET and will be held in Room 259, BRL Bldg. 328. Transportation '...
the Chesapeake to BRL Bldg. 328 will be provided at 1505 hours.

The second paper will be given in Room B, the Chesapeake, beginm•it.
at 1610 hours. Transportation from BRL Bldg. 328 back to the Chesapea'
will be provided at 1600 hours. k --- A

Chairman: F. Howard Forsyth. Office, Chief of Ordnance. Depertn•-
of the Army

A Bide. 3281

Allocation of Resources end Military Worth - Walter E. CusbeM.,
Operations Resiearch Office. The Johns Hopkins University

.... 2.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. 2-:



--- - ---f--- -t-

TECHNICAL SESSION III (Cont'd)

Room B, Cheso2D2ke

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

Wednesday Evening- The cocktail lounges at the Chesapeake and th'
Main Club Lre open from 1630 to 2300 hours. The dining room at th,Ž MaLn
Club is open from 1800 to 2000 hours.

Buses will take conferees to motels or Main Club.

Thursde.y 20 October

Clinical Sessioi B carries a security classification of SECRET. It and
Technical Sessiar rV will run from 0900 to 1015. Clinical Session C and
Technical Session V scheduled from 103') to 1230 complete the morning phase
of the program. In the aiternoon Technical Sessions VI and VII run concur-
rently from 1400 to 1440. General Session 11 will be a pinel discnsiton
and is timed from 1500 to 1645.

TECHNICAL SESSION IV: 0900 - 1015 - Chesapeake - Room A

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

Reliebility of Weapon Systems Estimated from Component Test Data
Alone - Henry DeCicco, U. S. Army Odrdlnoe Special Weapons-
Ammunition Command

Performance of Propellants Evalumted by Tensile and Bllistic Tests -
Niles White, Propellant Branch, Propellant LAboitcry, ARGMA, and
Boyd Harshberger, Virginia Polytechnic Institute

JLINICAL SESSION B: 0900 - 1015 - 13RL Bldg. 328, Room 259

?u,,•ty Classification - SECRET

Ž:'',Portation froren the Chesapeake to BRL Bldg. 328,,•i1 e avwabl:n
",1 h Bus frem BRL Bldg. 328 to Chesapceak st •.8 hu")

Best Available Copy



Q1ý,ICAL SESSION B.-[ (OontA

Chairman: Edward W. Chitterriden. D~iamond Ordnance ruze Laborcatories

panelists: R. -M. Eistner, Balliastic Research lAborstories

Wmlter Foster, U. S. Army Biological War-fare Labor-r.

* astories

J. R. 7ohnson, Ballistic Research Laboiratorloe.

Cllford 1. I4alorey, U3. S. Army Biological Warfare

Laboratories

WilwRnjbrtre.Operations Research Department

WiliamA. Robertn Emi H.chhobe, Th:el University o ihgn

Willo H. Run Daoavoies, Vperationi s Relytech Depatment

Jerzy Neymain, University of Cal~iwnga. Berkeley



Xp

CLIN1=1I 9ESSION C: Cont'd)-

Comptaton o Execte Reolution Improve ent Factor Chandler
Stewart, Mine Detection Branch, Engineering Research and
Development Laboratories-p

Panoramic Viewing Utilizing Hyperbolic Ellipsoidal Reflecting Optics-

* Donald W. Rees, Physical Sciences-Laboratory, U. S. Ordnance

Tank - Automotivo Comirbnd, Detroit Arsenal.

Some Statistical Problems Reluityd 'to M~issile Safety - Paul C. Cox,
Reliability and Staetistics Oftice, Ordnance Mission, White Bands
Missile Range

1ZTECNLCNL SFESSION V:1030 - 1230 - Chresapeake -Room B

Chairman: Lawrence Langweil, Warhead and Special Pro~jects -Laborator.
* Picatinny Arsenal

Dosign for Weighing Calibrations -Neilson, Hercules Poywder'
Company, M4agna, Utah

Response Surface Analysit as Related to Repellent Research -

D. G. Boyle end E. A. Perlman, Hercules Power Company, Mvagna,
Utah

Application of Factorial Experiment and Box Technique to Ballistic
Devices - D. J. Ketsanis and 0. 1., rulton, rrankford Arsenal

* LUNCH: 1230 - 1400 - Chesapeake

TECHNICAL SESSION MI: 1400 - 1440 - Chesatrake - Room A

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

On the Problem of Negative Estimates of Variance - W. S. Thompson,
Jr. , University of Delaware, and J. R. Moore, Surveillence Branch, I

Weapon Systems Laboratory, Ballistic Research. Laboratories

.7 .7.
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- -TECIINICCA. SESISON VII! 1400 - 1440 -Chaempeake - Room B

Chairman: S. A. Krane, General Analysis CorpewaUon. Dugway Proving
Ground Office

.'1iild-Up" of Single Point Source Data - . P. WIklte, General .
Aralysis Corporation, Dugway, Utah

gOF'EE 1440 - 1500. - Cl-itepeake

GZNEAI. SESSION n: 1500 - 1645 - Chesapeake - Room A

Panel Discussion an Common Pitfalls In the Desigun end Analysis of
Experiments..

Chairman: G.E.P. Box, The Vniverslty of Wis consin

-: Panel Members: Cuthbert Daniel, Private Consuliant

SS. Huntir, Mathematics Research Center,
The University of Wisconsin

W. J. Youden. National Bureau of Standards

Marvin Zelen, The University of Maryland-

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

SQQIATliOUR:I 1730 - 1830 - Main Club, Officers' Open Mass

DINNLR:_ 1830 - Main Club

Chairman: Frank E. Grubbs, Ballistic Resaarch labortories

Speaker. W. J. )[buden, National Bureau of Standards - "The Enduring
Values.

day. 21 October-

Techo Ical Session VIII and Clinical Session D are scheduled for 0900 -
1015. General Session II is called for 1030 and will run until 1230. After
lunch there will be conducted tours of the Ballistic Research Laboratories.

,•.;•.,,.,. /.. .... ,....-,-...,.,:,.....~~~~~..,,....,...,.....,.... . .-. .,......,.,...... .. -.-... . -.. -...-.-...-.. .. ,-....
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I - 11TEC__HNIAL §ESSCON V 0900 - 1015 - Chesapeake - Roo ,.A

Ch. itman 96drig M. 3wkjian, Dian Crdnance FLuze laboratories .'-'-

Scue Tsts frorOW.Uurs- C. P. Quesenbeffy and V. A. David.

SVI Note on Precision of Graded vs. All-or-None Response in Blosmsay -
Francis M. Wadley, U. R. JArm Chemical Corps Biological
laboratories

-N_.A, •ISSION D: 0900 - 1015 - Chesapeake - Room ,

Chairman: ?.N.E. Grenville, R~esearch and Erlineerinq Ditvision.,.
Departmert of the Army, Office of the Quartermaster General

Pareliss: R. E. Bechhofer, Cornell Uni'ersity "

0. P. uno, Ballistic Research Laboratories

r .A.C. Cohen, Jr.. The University of Georgia

.boyd Harshbarger, Virginia Polytechnic Institute

J. S. Hunter, Methematics Research Center t

Comparison of Field Wear and Laboratory Testing of Fabrics for
Military Garments - William S.. Cowie, Textile Clothing and -

Footwear Division, QM R & E Center Laboratories, Quartermasteo'
Research and Engineering Command

Estimation of Condemnation Limits from Limited Fatigue Runout
Date on Full Scale Components - 1. P. Purtell and C. W,. Cgan,
Research Branch, Watervliet Arsenal

COFFEE 1015 - 1030 - Chesapeake

Q ERAL SESSION M-: 1030 - 1230 - Cbesspeake - Room A

Chairman Boyd H a .rger Virgnl Polytechnic nstitute.

Development in the Dusign of Expwtments -W. S. Conno, r,, The''.".
Research Triangle Institui,

• .. .V*. *0 ......... . .. . . .. . .. . . .. . .- *.**., *

•• -'.'t;.._.._.-.•',_... ........ ................... ....... .......- ' .-... •.. •",



GENERAL SESSION III: (Cont'd)

Multivariate Analysis Illustrated by Nike-Hercules
I. Separation of Product aA Measurement Variability
II. Acceptance Sampling - J. Edward Jackson, Eastman Kodak
Company

LUNCH: 1230 - 1400 Chesapeake

T 1330 - Conducted tour will be initiated at the Chesapeake

SUPPUNINT•n 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 Qrqnisms - S. A. Krane, General
Analysis Corporation, Dugwoy Proving Ground Office

Design of an Experiment for the Most Efficient Conduct of Safety, Re-
liability and Performance Tests of Fuses in the Design and Development
Stages - Gertrude Weintraub, Missile Warhead and Special Projects
Laboratory, 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 T46EI
Warhead - Alfred Fiorentiono, Warhead end Special Projects Laboratory,
Picatinny Arsenal

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

U a Tomes R. lDuffeZ

Spc,9Jcr~ Ahmatd.tw

A. PCGO..Toepersonnel who have been involved in the flight
tesingofccmlex uidid mtesiles are, in general, aware of the phenomenon
th~ta muh hlgberiztemrellubility (R).Is obtained for an essentially series

arrangernent of the components than would prevail If estimates of the compo-
nent redlabtllties (r~lso I 1# 2, o. . n) were substituted into the mathemati-
Cal rntdel

Thi ~ *R~r a hnmnnhsbe lbquently exposed, adelucidated uoby
Fratk A. Flock of United Electro Dynamics. -The model

Rr

Is usually referred to ma' the mseries* model; it lb alsoknownes the tmcascade r
or "tindam" model. -By contra-at, those personnel who have been concerned
with the u~ie of redundancy (i.e.,* the paralleling of compbnients) in order to
lower th'.- prorbability of a dud (iethe unreliability of the payload) have
obzervedI a phenom,.n-on which to opposite in effect to that which has been

*obsorved in the series case. Namely, a syitem of components arranged inL
pcirnllel evidenmes, in general, a lower reliability (R) than would be obtained P
if the estimrates of the cornponient reliabilities (r 1'., 1 1, 2, ... m wore
substituted into the mathematical model

R I-C u- i.. 0rm

* This last model Is usually referred to as the "redundant" Or*pavallel" model.

A plausible explanation for these two phenomena, which have op-
posite effect~s for the series and redundant systems, Is that the variation of
the environmental stresses from component to component within the same
flight is small relative to the variation of the environmental stresses from
flight to flight. It is believed that, In many redundant systems,. the stresses
associate.A with the m parallel c~omponents 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 stresses In essentially the

*This Is an abstract. The paper itself Is being submitted for publication in
* TECHNOMETRICS.



M ths W=G"M utilt to, fll b .'oUN belief Is at: -butod to the fco~lowlinq tea:.;;•.•';

(1) The m parallel components are usually itmoUttd in close

physical proximity to each other and hence tend to have
the same quantitative values of the straxes.

(2) The a parallel components are usully of the some typer
and thus are subject to the same mode of fa~lutm and hence .,,..
wre susceptible tohe same kind of stresses.

(3) Many kinds of stresses vary considerably from flight
to flight.

These sarm facts can prevail In the can* of some seieso systems, e:g., the
3ucce1sive amipUfier stages in an equipment, the electron tubes in a guid-
Pance end control package, and the relays in a black box.

W. 1. Haward(l) has considered the series situation for a specific num-
erical value.of the component reliability r and for Gaussian distributions .of
strengths and flight-to-flight stresses, whereas 1. R..DuffettC2) has considerAd
the parallel situation for a large ra'nge of values of the component reliablt-.".
r and rectangular di'stributions. of strengths and flight-to-flight stresses plu~s
zertain generalizations of these ahssumptions.

An interesting pathological example of the complete breakdown of reoan- "

dancy Is afforded by the following example which it presented in (2)-'

The m parallel components incorporated in the same missile
flight (I.e.. the same end item) are subjected to exactly the same
stress; the probability distribution of the stresses from flight-to-"1
flight consists of two isolated portions; and the probability dist-l-
button of strength s is andwiched in between the two isolated
portions of the stream distribution.

It is clear that the reliability R of the system is only r, t.e.,
R , r, and thus no gain In reliability Is achieved by using redundancy.

(1) W. J. Howard, "Chain Reliability, A Simple Failure Model for Complex
Mechanisms," The Rand Corporation, tM-lOS8, 27 WMe. A153.

(2) 1. R. Duffett, "Some Mathematical Considerations of Rsdundanr.,.
Radioplane Company, Operations Analysis Memorain•dm Report Num .
12, 25 October 1956. L/ .--'


