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the ~ Srd PIP Ss umpossuzn on S. ’t i d  Roi ket ~~~~ iedrnolo~~ g.asc a :eaiunabl~
a~~urate t’i..tu re of the present slate of the stt , both f l ’ !  t f c  m eseat~ts and ledsnofom
point, of ~scw . in \A 10 countries A rath er sside and ~ualifsed spe5trum of qsea~ers

(eons in4ustr~ - a masamee perhaps to the first t insel presence of L’ S espefi s . and
the large vulety of topics dea lt ~ ith in the w~en technical sewonl were pourse  aspects of the
meeting “~‘ n e  deli5 ien5cs m entioned in this report) should be carefully considered fur the
future I~ p.artscuJa,, it is appropn.ate (~~4f a rrstmi. ted session be added t o the open ~~‘rk* us
order to sumuLime the presentation ol more adeancod rr,ulti in the field Ilowese, my
feeling is that thc meeting ~~~s globally s’ery su~ccsslul

‘The w.o ‘ ‘ipl taht) the !~orwegsan ~esor dusator . Mr (. knstoftw’w n, the effort s ol
Mr III K~enyf ii se~u1ne of PEPI. and th e cooperation of the members of I’I I’
b~rths. Hai,k’t , Cr n . ( sdick . Itu-i..hi arc gratef ully a~~ n”nate4ged
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lb~ 53rd meeting of thy Prorukson and hiergetics Panel on Solid Res I.et ‘~loIo, Icdlnolomm wa s held at the (Md
Vs a r ‘s5 h , .oJ (

~io. 5tir~sa~ . from 2 5 April I9” ~ f hc meeti ng wa s organized to gise $ s t i ~c’s of t he state of the art in
this fieki both in re.can h and Jesrlopment

%Iust papers reported research and deselopment won in the fleW f internal balli st ics in~Iuding ~r ,tIt ’! rst Ifl ,ttOn

combustion of metal and com bustion i n s ta btl i t ’ . \ isonal papers Jcalt is ith bu rn rat , modelling men propdllants as
ts ,ll as hs~at t ransfer and mat~n.i1s. testing and instrumentation

the meeting ~smnusted m ‘. ‘en a. “-a” tt i n ith a total of k~ papers ( ‘n,Iuuons and dissusu,ins rrsealcd a high
standard .f  solid propellant roc k~i technolug in th c S A 1( 1 communlt . , hut also a l~’m of dcfii.icncws in th e nowkdg e
of n hat is realh happening in a solid rocket thus modelling and predicting of the pcrf ’rrnarmce of inlid t icket ~ompo
nents key I . r  more economic research and dcswlopnscnt ~ rb arc st ill suh~ect i. uncertainties anti es-en muta t e’s

2 1)154 t S.Sl()5

Session I Sunrs Papers

T)~ese papers gns- a fIrst mr:coaon on th e problems and directions of u-slid r’s5bet motUf technology- Most “I th e
top cs “ “ . f , ’~. f  ate discut’s~d in more skmad in Ih~ f~.Jti . nin ~ sessions

SI H.arr*re (Pape r 5. l i rrreentrs! a concise w t’s’ey c-~ t he rcse.a rch rroblems in I h c  field solid itis ket t tt noIog~
and the sar.ous investigations ma !c at (“.1 K ~ kn~’ther aspet t of solid ruck. -ir ~ at kast as important as research is
slesekspment and industrial ra iza t io f l  Paper S~ I f’ . Vs I. llaymes surs t”.s in an mprrwvc manner the current work in
the I nhtc!d Stj I~s on solid rocket “ - ‘ i t  design a i t . matson h iss f’ r cr.furc implies a pay ofl in terms of relsible and fast
optimi zation , i ’ sr ls p m e n l ..os t and schedule lhn improves thi  capabilitie, and comjwtitfie position ..t the users
%tr Hay mies paper ~citainly wa s one of the most illuminating contributions i the Sy mposi um

Se’sinn II . Ignit ion. I su n ,  tO.n arid Isisrensal balli st ics

Paper So 3 by , tcnge ILt ct al dea..nbes the systemat ic rese arch work done a t ’  “SI HA in the field .1 ignition and
est m nct iti n o f douhkhaie and componts’ ppipellants and the t es t fa , -s lit ies used It has been shown h~ es penmenti that
the ~~ 5i tt ~’n ehara~f ’ rrsti s are on deternuned by the ri pellant ~omponents hut not by t he method - -~ heat tran sfer
from the ignt r - ‘l deu ce I de I n.j tPape r So Ii has tr eat ed t h i s  problem analy t ically for ,. ‘mr tsiuc pmpdlanla
a anang heteroçenous combustion and a quasd’atead y gas phase lb. discussio n showed that the thr.’rrti.~al result’ will
depend large ly ‘n the (lame model used and sih~i’ em the heat transf er in t ts the propellant is amimtd to be a st eady
Ide Luca ~r an unstc.id~ phen..rnrn ’n Result s will . cttalnly depend on wh.’f ’ cr solutions ate sought by linearised or
non-linearized approaches

Paper S i  ~. presented by I Slampfl. de.cñbes t f ~~ S I’!’ program (.obj prs ’pell anf r ,*k ct motor predic t ion programi
limited to ompOtute pr.’peilants Compari so n .sit’ espe nment a l lila shows, that spec ilk impul ses at , os-crprcd.sttd
Ill s phase bases in alumin ized prop ella nts prevail ocr ~Ihcr loøc i but computation is ra th er uncrrtakn. Therefore.
accurate computation of the other Insie, (such as dnscrgence and combustion c fl’kiency ) needs computer time without
mn fluen..e oft the ‘scriU .r~ . tracy of th , ’ prediction Iurtherruore . ,or,’rlal i.in ‘1 stat istical dale ha. proved lo be as
accurate as espenus-e theoretical analyses

1I.F K S hoser (Paper S.. Es) presents a set of equations to estimate the influenc e ‘1 small tictationi m the throat
area o( .ohd rockets. The equations arc set up by linearization of the one’dlmenvonal is. ntr.’plc equa tions The method
may glu e (art ffl f ’ rrn ,it ,-’ r - l ri~~ th e ~s r l .  phases .~f a development program

In paper S ‘ by W II Iheunge r defi nit ion and margins of standard solid r ’ ~ k - i  ensirnnmen; are given Solid
as either very shott burning thniuten or appl ied to shells usually do not encounter a sta ndard environment and

need an apgsrnpnale grain and igniter design or a special layout to overcom, problems ansing with anal acceleration and
spin, respectively 

~~— ---~~ --~~. —~.-.--~—,- --



II I It ’ tsu a . I’ji’s’i S ~ points out tha t until n w pn.spcll ~nt ign i te r desi~ii is an i t t  rj th. s than a us sentc I her . I - it

em piri cal c -w l ’s. and high sIandatd Iabs.’ca t~.n~ test equspin~ li t it nccs.lesi s”~’cssalIy in the d .s • lo-pThcnt t i i i  i~ I i i
small iockcts b-e. j use ofe r is  u ’nmcnl al com pati t~s l it u feq , Ic .u i t s  Paper So ~ by ‘ K ll~ll confirm s t hat ignit er design
usuailt is a mote or ksa empir ical matt e r I r some applicati ons t h i s  situat io n air be remedied by pyrslgcn ignhu rs The
author a luocates thc siesi th at suc h mmnu ,5ke ts should be ~rrferted because oh th eir pred i t t i h ic ~nd rt -pu ,.duci blc perfor
mince and th euz smok ekasness it doubtchase p. rogetis are usc d

Prediction i cr .sise burni ng is .i phenomenon and i t s  eftes ts on solid tockct pcnl iriuant c is Jiff i ult. since it ii not

ct Fully understood what is rrall. happening I s sI c t heories kase deficiencies K 4 I . rk inson Paper So 10) ihoss
that - r . s ~.

- tsurnsng as i i  mnterac t im  ol the fs..unttsrs layer wi th  the com i su I -  zone tan be csnrcla t ed by a boun d.at ’.
l a%c r blow -c-it criterion I t. .siu e burning is attribut ed to the re atta c hm ent of the boundary h. i t o the I nning surf ate

the theory is i t  se t  full s Jcsc l . -p~ ii Ihe effects of ,-r .s is and tr ansi ent h’urning on perforinanse i’ n.d iclio n .. urac y
hj ie been ansestigated f’s II P Sauerwrin et al Paper S. II. ~ ctsi~~f l III). les t r~sutts with small solid propellant
rocket motors 01 calibers - II m and I ‘5 m using a I’ 0 Al4oaded IIIPII composite propellant resealed ersel lent
agreement .s ith thc’s’ reti ,al ptedsct ions using the approaches of leir sird .5 Kishi l lard and king l)unng the discuss ion it

has been pointed out , th at the igicensent is hel t cc than one ‘old espc.t aid th at aidii i ’sn a l t~~st i shoul d be made

Sesa s.i n Ill Nuns Rite Stos kll ing and ( oitshus*son i Sletal

Beside’s ~ombust.fl i ., l j i t t ~. wh ic h is t o bc discussed later , burn ra te modelling and two phase phenomena
swicuted with ombustion of metal are vers ‘ ; ‘ . r t a n t  i t  rocket motor design technislog’~ K eliahk low out
procedures r.~ handle t hese topics would in ik.- modern high performance solid ‘ r t motor design more economic

S ‘s ( o hen (Paper 5 - .  I I I  goes a rev ie w ‘I the s t atus of s t r a i t  s ! . : c  omhsustion modelling ‘I composite propellants
S~~t i s e  hinder pr ’prl ls nts common ly known as impolite douhktsaac pmpdliants are sndudt’d Research work in th is
field has now re,a5 Pied a stand ard enablin g a good feedback to propellant ainhustion and tailori ng Additional
theoret ical and peas t i5.a t reucan5: h is needed to eliminate .tisaçucments and ,.thct deficient-sen. and especially I reduce
the great number ‘1 parameters l)e f icwn~ses are - ‘ - a n t s  due I an apparent .. - s of ~ t .r1i j t ,,.n concerning the
phenomena of : i e i i t  burning and t w o  phase uk’s. t he refo re  tes ts w i t h  high speed c l..r movie, I($~~I u 5000 ft sI i f
prcspeUants hurtsing at st rands i-sr in a wi nd ow n,ior w ere ‘f b s i ,  intere s t They are repor ted by I II Caven) Paper

i .enerali:j ri,m is not yet powhk ilfltc the nis-entigation has been rest ric t ed to ptienomenolo(y so Far The
following items shoukl be noted iUJcn’eraiion sue, combustion c tfscre n ’y and slag formation are influenced trs
propellant formuLat ion. 5’arti~ k size. n m t r  internal geometry ansi . h imber pressure Use acceleraison field ause s
break up of the ag~l.’rneratr-s in h~ nozzle region . prs’sided th at the Yseber number is suff iciently high the a lomerates
decrease in sue s . t h  burns , rate ansi press u re

Tbe presentation of F V. Price Paper So 14 i  w s~ icr ’s * t ruc t i se h i s  color ,.hdeu showing the micron tru~ i r e  f
aluminum hsuretin~ give a s’rry good um e s. of acsum ~

, i fat i . .n . 1  -SI t.. the 1 ,rn ’~~ * it ... a ksmevaic l A l leaving the
burning surface, ifla rn ” -at ’ .-s n and ho rn ing of AT .lr~ pIets in a propellant gas environment A P hy -d r rs ral ’s. n hinder 1,f

propellants ‘tie used

It ~ we ll • .‘w n tt’.a t  th e -SI Sf 0~ particles may damp asi s usti c . os dlii son. caused h i  ‘ i i  s i f l  i ns tah i lit y
Piper S~~ I ~ by K J Kraeutl, Jesc r ’- rs  r r * , t f ~ o f theoretical investigations aseuming rphencal aluminum oiide particles
of (ta t normal sue dut rit ’ i i  Only a small sue range ii i 1 SO Mms is ‘. i d 4e h r  effective damping of th c
common oscillat ion (rrqiien ws The ins is t mpt,ons arc si lt under w ay ‘sin e part icle si re is One of the important pat-a
meters of propellant behavx’ r suitab le tutoring - ‘ nt-c content ansi the sue distribution of the aluminium onide cOuld hel p
u press’-’ costly an t  time consuming modifi. at;.’ns wh ic h might be net-e’siary luring the later s i j i taflu of a design procrse

Session IV - Sew Propellants

t . r a ”s for re5 nulle-ss guns are characterized by large burning surfaces and small we b thi,knetwt Standard techniques
using aluminum fo ik ‘v s teel meshes as a support I t  the prope llant are e~penuve and create prruh kms especially us
bonding the ;“~-pellanf to the s pp’ rt Paper So I’  of S T Camp. presented b-i S Seiden describe, a new fa t i r r ati o n
process The douhkts~~ rri.pclLant is appl ied to a corrugated plast i sc reen st ruc i nc as a lacquer in several u p coats

with partial drying aft er each dip Tb. lacquer web thickness ranges from about 12 to (sO mm The grains have not been
fired ~n r l  nose The predicted burnin g times range from 3 t IS mu

Paper St-i I - by K Sire ten ci ii . presents a new type of gas generator propellants These ptupel)antz must meet
special spe .:s fi~~ts..ns rir~~. ulanly a large temp erature range (fr-nm 119 to ~~~ K s  lose gas tem perature (T~ < 1500 k ),
small ‘ .n-ning rare f t J 1 mm ~s and compati b il ity of the gases wi th the structure Conventio nal pro pellant , do not
fi t t hese rpesif icatao ns The new ~as generator prope llant SR 410106 is a IITPH NlO-stabillged AN (amm onri um nitrates
conçosle It~e 55 o*idizev )~ polymorphic with unacceptab le v anat i n’ of the speci(s volume in the tempe ra t ure range
of 24* K to ~~~ K ln t . rpirr at mo n of 14 Sil l by weig ht into the c rystal lattice shifts these phase changes to higher
temp eraf um Anoth rt progress in ;‘ rr. pel lant development is reported by C ( otzrner et al ( Paper 5’  1*) The develop-
ment began In ~~~ with utsli.ring eponkic rnnslinked agents for a stilt s hin Icr s mer capt a n terminated hutad me n
ac r-~ lonitn k) in iti at ing the development ‘ f a  new hinter s-i u tenir It co nsi st ’ of a low a n-s .nitriI~ 4. pc .art’ot~
termlnat d-pnlyhutadiene-acry lnilflk liquid copolymer ~(1Tt\) which is croes*lnked with di’ and tn-epos,des ( artaf ’ le
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and cs tru dab k- composite propellant fo rr t uLitsons w i th  very high ~~Iidi loading (up i.. ~O of combined A l’ and ‘ij)

appear teaai bk wi l ts tolerat.k niechjriisil properties when uüng th is new (1 US hinder

The mecha ni5al prop erties i i  pro pellan ts hangs’ with storage time Tins .ivng plot c-ia may has-c undes irable
technical arid es:onomicat consequences In l aper S. l~l ii I) ‘sc h m itt t he aspe I s  of short time acc elerated aging at
ekiated temperatures as a tool to ni.. ’ long lime prediction s feasible are dis5usi~d In doubkbaae propeltants chermi ’al
aging is predominant w hseis -is composites are rat her sniemnic lhcy arc pu i i t ts i i l  subject to tncc h*nical aging Lending to
elevated stre ngth ,znJ arlenualed craali detorm-itsirn the amount .i( rnrciiansc,at aging des-teases front the ~‘r ’pelIa:it
s u r ua5e to f ~ insid e

Sr,,c*eiess douhkbasc propelLants needed (or some ii dnax~ appli cat io n, has -c dttadsan t age-s such as st tr i ,us behavior
at high amb ient temperature’s whic h l ’, t .~ !s case bonding and small sahues of mass dentu ts an t th eotetu al spec~fk impulse
A lavenastPaper So ~0I reported on resea rc h woik at ‘~S l I  t .  ~-reate a sms il elesa propellant, whic h is astahie and has
better energet ic arid mec hanical prope rt ies than standard douhlehase propellar-n’- The preliminary result isa ri~t genera-
tion -~ smokeless comp oute intl doublrb.ase ~i1 jiot5ic propellants using he~ogcn w ith ener geti c ‘-‘od ink ed hinde rs
(Ciample a Jouh kbaae composite propellant with ~ hcsagen, mass den si ty 0P I 65 10’ kg,-m ’ burning ir
regression rat e ’. r - I mm ’s at pressures ~O I _‘O f a r , theoreti cal speci(i !‘ .; ‘ 1s ~ t~~ ’. ~ ‘4 ~ - S ’s  igi

Sessi on S . ( ombustisi n Inst ,bdi ty

S Petter understanding of ombustion ins ta hil it s is needed for reliable pr—su ction us the !i t ,T design phase This is
t rue especialls fo r large sol id risoi srs since testing is very espenuir in terms of time and money Therefore a hue-sing a
wider theotetical background in this field is as importa~ t as t i  ~- ni rate modelling .u combustion of metal loaded
propelLints

I- I (‘(‘uh5 • Paper ~sc-i 211 discusses an approac h I non line-ar was-es in solid r~ , -i’. The un’uc’ady hl ,w field is
csp,un !csJ in nortnal modes of the cl am ber Subsequently a method of as -er-ag ing is use d Ibis a rp ro~smat ion is
sutr icient ly accurate under most reaLsst~ conditions I)efic*enc-ses f the method can only he remedied ~~ -i a th ird t i e ,

theory . fl~c pre-sentatissn i P Kuentamarin tl’aper ‘s~~ 21~ -~~ t n - - s the problems in handl ing - n i ’ stjfln ins iabd it% arid
givesa ,,~ n.ne ri -st ew . ‘ t  the fhr’orriical and rapenmental insesligatsons a l l  5Sf K -S in this i -Id l’iii ?~ is ri will he
directed - a better d- ~ r~ ’tj on of the n s f a ”i l f ~ phcn men~ nu~’sencaJ soL uion OF non lin ear ‘ s i i h m l i t s  problems to
pred ict init.. ! - i l fsft ks-rb . re-slucn:on of ~~r tp uter t im e and additional c’sperimental inss’stig.ations In Paper 5 - -  23 by
K I Ilerr et al a s tr a i~i t  forward met . ’.! toi n .  ~l app tKatso n is desenhed and a gc’r-seTa l I ‘sew of the problems is

g u m  %lanag, ng combust ion sn * ta 5 ’ s ts I ’ . means masimurmng a c ’ i ustu, energy loiie-t ‘part icle damping) and minimtatzg
acoustic encrg gams There arc Jcticicncses main li in linear mod el, the- iahorai -ir tr ,’hniques and propellant
tai lori ng It us qu cs n~ nahk whether .~- ,..nI f ,s I i r  prediction, will be feasible in ibm ‘.- -:,t t future from the pta it at and
~o’sl point ~l ste w

In Pape-r ‘s. ‘ -t by I de I tics resu lts oS tsaisc thenretital * r o f s  ate presented ass uming beterogenous combustion and
quasi-stead~- gas phase for composite pr’npellants The non linear analysis usi ng an integral me-thu isi shows that three St a t’ Ic
s tat es c-so t wh ich are s tj ti .snar’i - ‘-~~ t t ’ -- ’ self suitatie f - ‘s ~ l l ,in on and ritinguishment The result , are largely depe-n’
dent on tb-c flame model and ‘situ’, ass it ’pI .’ls and could n i  Se t be t he-s Led b n~ ct res ult s

b r  basic wi ’ rk i-sn low- i tC .~ UCfl~~~ oscillatory’ ~omhust .” the I • ‘- t’ ’t is the lie-st d~s i - c  be~~use n umpllcit
Paper ‘sii 1 ~ by H I K ‘~ h - - i c r  report. .n cspeflmcnts w i th  this equipment Two t i~ pet ‘1 douhlebase propeilants and a
polyurethane AP compo site propellant we re used To get retsable les t tesults a smooth and reproducible ignition tran si en t
is impewl ant ~Sn ~~i i i f , ~~ t lacquer int itile ! by an inbedded electric wire has rr.~~e f  to mee t t his requiremen t best
rs’e.quenuy L -sn sta hil ifi of Joublehese propeitants ted f i . cluumng whereas the cornpoate propellant tended t o dp It-
s’stingiisslirswnt The espenments were ps’rfnrmc*i under pressu res and with haras tcns1i~ lengths which art- small er tha n
until for operatis-inal rockets

P ‘1 Hughes iPaprr \-~ It’ s desc ribes bask research w ,tl on nc-in linear Longitud inal ccwnbiisi ion inst ab ilit y in solid
rot Let s of caliber 1cm Three different composite ~- r- pc lI.u”t case tsondesJ c-r .s~ - s (tu be , star, cl ott e d tube) and th~ee
non’aluminiud h-fTPH ’ -SP pmpchlants were used. sar ’s- ing .nh. In burn ing rate cata h ;t and AP size distnb ut ion The

‘r n-i opt- rated * ia i.l, in absence .1 inItiating li st i r b u n c i ’ s Ibe-ut were gener-ate~I by two lilac L powder charges located
in pulse tub es at t he head end of each motor The test s demons trat ed the (t a,tihility of ihir ‘ enb -s . t and revealed
increased Wnsiu;s st y  to distutbances with d ’  - rr .sce 4 burning rate and increased Free volume of the chamber

G.I I s a- - i c (Pipe-c 5- ’ 27) deicfll’ses an appe sacti t o the pt-b le nt  of combu st ion inst ahilit ~, damping s-s f smokeless
I 1)11 propellants by usin,g r r f r a , f -sr’s particles which are unrractive dimnng -init’smstii ,n and attenuate t he visibility c-i f t h~
eshausl gases in comparison to aluminsum aside part,clet The met hod is fbi ,rsfric fr.1 1,’ (TN prope -Hants . of ~“sircc
Iii ~ n’.e’ .t ialioIi , are of beak Inte rest fot militars rockets Experiments have shown that tai lonng the size ‘f the
particles is l~~ ;it-n r~ rtani  t han the mass frs f i n  of the refractory powder -St present mont information Is available Sn,
silicon ar hi,ie as refractory material Wos’k is going on w ith higher density pnwder~ such as unpten and tantalium
carbide.

L~1 ~~~~~~~~~~~ _________ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -. ~~~~~~~~ ~~~~~~~~~~~~~~~ 
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S-. ion S I . lie-at I rand,r and Materials

Progress in sol id ri~ L c t  motor t c~hnology us largely influenced by the chauacie nst ic -s ust lig htw e ig ht stru ct ures and
relractor-y- materials Ihe predi~tao n ul mite-nab be-ha’ i t  n t -cdt ac~ uratc s~d straig h t  Isirwanl meihcid s of heat tran s fe r
cikuta tions lhci’eFure. the - preseni atso n of only three pui’t rs in this scs.siim is not adequate t o the importance of the
subjec t

Piper ~so I~ presented f - s  l) .kampu - discusses th. a f t  inta$c-$ anti dra*ba5Ls ‘I current I S ( ts st ems for highly
m,snocuse-rabk tacti cal sol id propellant roc Le - t s  It is conclude -ti that ~et san e. are t he- he--tI solution because i large
de n1c-~tson angles t up to 30~ and liuw - actuation to rq ue-s kJdionul attsaniagc-s are the pswti hi lsiy - f ge nerate - roll
moments with a single norale arrangement and Io)ettuson the sy stem si te : the launch phase when aci -ilsnanuc tt sn tr i l is
feas ible Ihe- jet sa ne -u must withst a nd thermal shuck and high stagnation temperature ~scse~~l jet san e malt-nab were
iflStsii$itcsI in st ati c t e s ts  wi th a 110m m and a 4s mm diameter rocket m iii, usi ng Ii IPB composite tr.i’dllasuls w ith
lb Is  arid l’ s aluminums , respect ively and homing times f r -i tt ~ 4 1 ‘ s Ii., the - highly alumini ,c.d rniirdlanti pure
iuns~~ie-n sine. prute~ ted by a ‘~~s thermal condus,t isity Isyr: we - re- found ti - i be the be-st niatcnal composition I-or the
I -~t propellant sits ik bdenum was suffi c ient

S re-seas-sb re sle w on composites in t t i i m  motor hardware is gisens by ‘s I Parcat tPaper ‘so 2~9t  with spetsal
emph i.sas t ’  li~ ts ~ ii so lid roc ket s Krscars h w- - t s  i-s aimed to the best use of composites to reduce weight and cost
Reduc tion of the m e-f t weight up to 4s , - compared I ~siristntion,al st ructures seem, I .  be feas ible in the f i t  ire An
additional imprus-e ment can he expected by combining the materia l functions iii structure insulation and ci ‘sian mis
ten. c (ornpssuics are suit able as mult iFunct ion mater ials if pruperly designed It cannot be ex pec t ed that mul t ifu nctusi n
mate-nat. s ill be- - i s good as each single fun ction material ‘ ut weight and Cost sasin.p are the mcii compelling argumer i s

(‘ Ksrnnc-t reports in his Paper ‘s ~ti  t h at ref ra~ r - r ’ . meta ls and gi’aphiie successively have be-rn replaced by ahlaiise
composites as nou le m ate - n ut  in long burn ing is I-id rockets t he prediction of the- be-has sot ~f the-se- cssmps waies has he-rn
uncertain or even impossi ble f r  a long period since fat -r icai son processes we s t - not repr slusih k M i ,  - - e r . the PetI t
mancc of analyt ical methods was ps’s-i: and the mechanical charactcrtsia~s - s.f the composite materials in the ri-let-an t
temperature range were not known The paper docusars the milestones anti the present state f the art at tI P i reliable
prediction of composite mate-nil behasior , especuall . of cast and w .und grgphite-jslsrnuls~s and carbon phe nolucs
Reliahk prmJs5 lion us guar ante-c-ti h~ reprtidu5i hk measurements and a[’prs .pnaic- computer programs using fln iie element
methods

SeWon S II testing and Insirsimentatson

h i s  evident tha t t est ing and instrumentation s esaciiiial ti-i, r esearch and development I lit’. ‘ ration and st andard iza-
t ion s t  new methods is of st i a! in ;mrc si because of cost and competition aspects

Paper YsoJl by ‘i Goglie Cl i i  presented h’s L Jr I Uci . report s on s-clot- its nu’asu rernc nts of part icle loaded gas
fL -st using I 1)5 ie hniques lase r l)opplcr-Vekicimeiry i At present , t he ins-ett mgaimons arc in an earl s stage It us
notable that the patrick rate must be su f fis entl~s high Sot a continuous s clot i t y o utp - ii arid th at agglomeration of the
part icles shouki be prevented foe accurate measurements si n-i t , ~- s iuth - on ly small particles hate the same s r l s s s i i~ as the
gas S new- rr sear -h ~‘r- ~c ran. rt ’cenil~ st*rte-d will chec • wh e-th er the 1 ItS n.e ft.~ l us si. r ab le or ineaus irem ents of
particle sue and distribution and velocities in unsteady flows

K S Biuwn report s in his Pipe, Mo. ~1 on inseitigaf ins at ( 1(  of low f resiuent prew rr and velocity sóllat ions
oss mt-tn, in large so lid r. ’ k ct i I-burners t -rs ul ts applied to large rockets are unreliable because i-i f thermal kisses Iheer-
fate, the n .rai ng valve method has bsien evaluated lest re-stilts sh ow good agreement with 1-burner tevults as did investi
gatsons reported by U Hart-Ire I Paper ‘s.-i I). ( urrent -‘ ‘I aimed to a better understanding of the ci rnf ’ i- i s t i .n  reponse
and to mature n - -~ MV mt-th u-il as a standar d too l to com busti on insta b i l i ts inve s t igations

u ~~~~ rape, ‘ s - i  ~.t , discusses nosu-destnac*ive testing of solid propellant charge-s Stan y faults car - r -  - ,  be Jetectcd
rad mogeaphacafly sr only with high Intpec iion ,ssi t f i r a i s ’ n i  inspe s ti s ’nt usa potentiall y better technique since th us
method is sensitive to interfa5cs (ct’ack,a de laminat ions bonding Fault s) rather than ii. minmnp U nfo rt unately ultra-
sound damp ing in a prope llant increases rapidly with f r r 1 s - n .  limiting i t o ’ thottett usable wavele ngth t o t  If) mm
Thus uhrass’ns imaging gives low re-solution and litt le margi n for a d d r ’ n i a ~ noise in the data processing aystem Since
foc used images by ultrasonic lenses arc n .t  feasible mmsgmg b”. holographic encoding with pt i  af  reco nstru c*son and
phase an-s’~ focusing w ith presentat ion on a display sm ut have been invesligale-si The impressive amelioration ‘I the
resolution I”. holographic encoding Is demonstrated by pic tum in the - paper 1 sample In a m diamete r solid r. -~ • - 1
mol -i r defect , of about I cm diameter can be detect ed when using a ~ Nil: ulirusoini

Testing for verification and reliability h a stati s ti ca l aspect, too The-re-fore, overlestmng i t  subjecting full s-~ ale
units to a~~ravaied load conditions, implies a pay-o ff in terms oF development cost and schedule, Paper ‘so t4 presented
by E, Stampfl , shows -~ ii apphsaluon to IUS Inertial ( pper Stage) tha t this apprt’ -icah Is valuable i- so lid moto r
components snd complete m”t,’rt li ii estimated , t hat three IO”~ motor ,-s s e - r t c ’ s i s  ate equivalent i t ’ ten moto r te st ’  at
operational - o n h i t i t - i n s  Use of standardized test motors and laboratory i~~ lc Is an addit ional method t i-s make develop -
men t effo rt s -u -r ’ efficient K K Weiss . Paper ‘sit 35. reviews the pertinent efforts of the (‘S Air I-or e-e Ru, ket

L - -~~-—~~~~~~~~~~~~ - . - ..~~ ~~~~~~~~~ .._~~~~~~~~~~~~ ~~~~~~~~~ —~~~~~~ 



Propuhion Laboratory Ihe most importan t adsantages whs . h  are ~O,t sating iii ,t comparatmseevajua tmori balance- h) far
t he Jss.sdvantagr s wh ic h are limit ation to ear l y Jesel.i i’ siieu i t stages and uncerta inties in ssab,ng the test it -s uIts to the- full -
scale mot o r The development program of stan dard ic-s t motors has been lnuii ~ied in I9E 0 St present , three families ac
,jsaila ts le the N - S I t  S (bjlhist c Les t aui~l es shuta t i s s u lys teni i Su is er -NAT I S and S -ij s c r h IPPo standard t e s t  iii ! us The
masumum grain we -i ght s are 75 Ibm , 800 Ibm per segment and ~O O0O h i-i respectively I mall ) a ri-view on stan dardar d
l-a tsor’ats.r’t ios- iIs used in t hc I. ‘ nsi es l States tt gis cii

I) S l)e,an , Pipe-i ‘so Irs . discusses th i - poss ibil it ies oi thrust transient measurements in rocket motors Siii ~t ati~to rt e measunrig dcs :e ~an be trpresented p.’. a sy s tem s i t  s issieS and spri ng-s w ith damp ing the natura l trequenc) s- i t  the
st  stem !il, - is t  be suflu..enthy •bis~ t he f requencies s i  the thn,ist f l u ij t s o ns  ‘s.-imetlmes f f i s  dues s i  appl~ - c-specially i t
thrust transients must be measured Ihe following pertinent methods w e r e  auc~-csaIufly tettcd bslea-s r rme nt of all term s
~ f the css~dhatang sys t em Idasplacement . damping. ac~-ekrai.on i and applka iion of the descnhing differential equat ion use

a b~Ihsiis pendu lum -is stem or how fri 5 (ion hssni..ntal sliding foils lit the latter I)-stcrria both the influences of (he
Jis i’ lacc rncnt and the ~f asupm g are st - i’. small and usually cast be neglected

• 1 51 5151 %R’ ~ 5\ I) 0 t )” s ( I t S l ( 1 t 5

5’. ndmcaied h) P~oIt-sst’r ( 1 asci at th e end s f f t c  Ks . iid Table Se-asistri th e to nt nht .~ ins presented dun ng the
S. rsipouum die-si a reali s tic pm- i r e  .i Usc I’rr scni situation in the field of solid propellant r-ocket~~ the presentations
can be grouped ‘ s t . ’  three main areas of s i e r c s i

propelLant steaJ ) state burning
pro pellant unst easl ~ hunting
r s - ~ le t  mot o r te5hnolog)

Those concerned with ;-r -  pellant stcad t st ate burning mn ,Iuded advances in ;- r pc’Ilani shemustr~- and combustion
modelling P i r t u  -s lJrh) ns t e wo r1h~- are- t he ..onhfl hut ions ‘-s av eny~~, Pr~~” and Kraeutk it al ~ on U c  behav ior of
aluminum in the cs,rnt ’ sl ,ss ’ r r”cess h~ which thur phyus al under -stand ing was great ly enhanced

Regarding instead ’. t’ rnin~ sesc ra l corurmbutac-ins of both thes- irct i~ii anti espeflmental S i t u resealed that a s-erfamn
progress has bc-en achieved , still mu,h reruam na t s ’  ‘-C f .’nc lAb ile ~onuderabIe emphasis was plated on acoustic i n s t a b i l i t y
less -nin e-st wa -s obsei’vesl In two-phase flow w ith cornbustmon ‘ses i- r i hekin, a 5 c r .  interesting and apparent)> efles lut e
met hod to suppress combustion ns i it .m1 ,~~ in ‘-  ~- let s using honmogr’neous prt-ipelhanms wa s  presented l’s I sans and ‘sr ’s ith ’
s- ho srsl r sd ucs-d r - r f r ac t ’r ~ par , let for this purpose It is esi lc- rn that th e - s - r e t ,  al , non-lunea n red approaches to fluid
J ~nami~s -and combu st ion need to be purs c.~

In ihc field i’ ~~~~~~ design and d es c lctpncs ’ r 1 t’ecamt- ~ - i fc çi~~ ai t L a f  the t ni le ! Stj t c - -s have achieved a
~~-~~ ‘- standard ki highlighted 1”. hI3’.n.~~

5 Stampflsi and Vie -is -i ’ estensise use of co-impute-n and standardized testing
procedures and test equipment ensure design and development ‘f r,. .lct motc’ r~ sn S kin espensise and less ti s’ c

cunsuming ~~~ in the I’S r a n  in .sther -

Interesting (ogecasts we re psen b5 Parrat ”. and I)ean and ~.retn” showing substantial reductions if s i r iis t iirai

w eight and s f  failure ra te s

The aut hors of th is I lK  agree on !bst ge-nc - -il conclusion that 1 1 c overall k “ ‘-sL~~gc of solid propellant rocke trs is
obviously suffic ient to develop and produce- high performance propellant ri’~kcr t s lu te to the tack of ..rnpkic’ under-
tt ~ndistg of a num be, of pheric”;s-r -- i U-et c ire many prob lems ,oh’ed empincahls i -day In consequence . pr-c-ills t mu n of
t~ li4 r.-i .lt-t performance- is not ensured to Le rstc nt rc .l!’ t c s r i ”-lr ai~ ! i-s not achieve-il as economIcally as poedhie
Tht- meeting has met ti aim as set in fb i- meeting the-me ‘- - - t  ft- Il a hit short In offering the time nece-mety to !us ~ i~ s all
aspes~ts in more detail

4 R IuO%4Mi ~’n~~I l(r -sS

h ollowing the review of the present status in solid propellant rocket,)’ a number of spe~u tss task fields are
recommended for future medium and long term applied research effor ts

( lb design of u gt-tuters f- - i sn-tall rs s f i t r’. rii ~~k s ’ r s  and development - i  stanulat’di,esJ design mt-thuds ,
- s~ ,1’ sii,oi and iwoç.hase flow ,

(3) s ’. ‘ . r r s ~ at data - s ’ r’s ;’si iruo n and r-eJucI,on on spe s if’s impulse losses.
14 , thrust modulation,
iS ) lightweight sir-u, f if e-s arid “ - s~ i f s n, in-in materials .
ift i non-dest ructive mater ial control methods pre fe rably i s  he used f i ring production to ensure high qo ah it s antI
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I or imrnesbgte action, the following pr~il”- ’4 is arc Iorwardcd to ~~ . -~kh) and the Propulsion and I nergetacs Panel

I s Spparentiy the re ia trend lauding to furthet iti~erging views on smoke and on s’isihilit’. It is Ufldiisi,~s s -~
that an e ’ .s5  I defInition of “ the smoke-less propeUant ” could rcmed~ thi sit uat ion, an-il th e- autho rs .-i t t h~
report consider this highly sit--sir-able ~ small lAs,rt ing (a r o u p s r  S i ~ ’, , ‘ i - i u r s s I t c t -  sponsored anti urgantred I-i>
the Propulsion and I nergetacs Pand would certainly otter the- apprsipnatr means

t~~ Equally, a Woituig ( ,‘.ioup ii recommended to anscitigate- the standardization ut pridictaun s i ic t t uds , especially
f r  specm& impulse louis in metal loaded propellants

~ R I -F l -R I M  I S

Session I Sunes Piper ’s

tea Ret kr. ns h.- * J-s ’ :’ Is’ /1 , - - ‘, j n,’ Jet u sc-ia’, I i~ i ’.-i &sipfi’gs s ,’ i .Ss.hJ4-. ‘ I ‘,o- di n ’mP’k l
par SI Itarn~rc

~ Solid Rut- & ,  — Il ., fl,sfga, ,4 ij f i,n~~fg,in ret hiss it. ‘gi
1A (. lja>mc s J I- Williamson, S I  Uc( ’Iendon and ~A I K,ot-u-

Session II Ignition. Is u nction and ln~ mal Italbatks

3 i - , ‘ sC Cf I s lUTi (I- ‘~ 1 Jet !~“ ~Psrr’ ~/s £ - Ii.Ir i
par (. Leogelk. P Mentr& I ( .uern igou . S Ilu ’t et ‘t Masssinncrust-

4 tgnusosi, ,ari~! I sc-ti non i i? 5. /id Rot- *et Prsqi ’rllan,s
by I, t~ I u~a , 1 (~a I fc fu and ( / j f l s i t t i

S. - ‘s.! P rr -ip s ’lla ’it -S;’u- s iris’ f r t~’: ~I ’~ Ptedk flu-in
h> I M I ,imsdibaum and ~t P Salinas

6 1 ~m~pk 115’:h,.,I 1.- 1 itftntifr thc In fhgc -n , t- - i f Sm411 I’sanj ss - sir in the Pip-i -i,, irni on the l’r,t a~mance i-il
S~ s lid R~ .

by it F R  ‘s~h- ’ s ,-r

Mirns& Iij lhittc !~ - ‘!. “ss s f 111th/i I u . , ’ c ’- .~’:. S,h~I Prsipe’Ii~ imf RIM- Ac - Is
by lA hi Die-singer

‘5 P’upef&int /g-iuit.’r l~~s e!- -r ”;, r il rr 4’Jent i
by II Ano n

9 .5.,-i- i~ ileuuiitrine ’mu of Ig ’Uf kJ ’ Deli, ’ - ‘ad Fleet 7’) ’msieaf e, - i ’s f t h  15i “is- n Ig ’u, t,’rr
by -~ K Hall. (, K Southcm arid I) Sutton

10 1* m I - i r s  lj,-cs’ Of -  -1. -Ps of fjn i5r e tu g rnan~by K (‘ Parkinso n and P 1) Penn>

Session Ill Bunt RaW Modelling and combustion of Metal

I h  (.“Ip.’-iiri- PPnpellsrnt Rm,irn Rare t’ 

b y \ S ( o h c ’ n

12 1’- - -- - ‘ sand Transi ent Ruining f °s-s IS sOt PW~~ ni’niiirs p F’,,- !. r i - t n  I - isrit . i ‘i f  T~, ts, a! Rtw ru -t i
1”. H P Sauerwein , S 1,a mp-crt and K Schmu cker

I ~ Ahsu ’rdirhim (omhsotmr.n ~mrj ,r R’isi ks’t 9 - t ‘(  ‘nsJSti- ri g

by I Il faveny and S

14 (‘uimhustisrn of t i , ’,, i- i’ . ”: s~ - cs/is! Pt’sspellsvtt /‘7~n,ri
by i~~~Pnce-

IS The Role , ‘f ~ ’$rff rmds fr - in Pie ( .ini,,, ! s.f t ’othuiftnu, lnihat ’tIfty hi ilwrilnhon Conthiatlon
byk ikraeu tk . HIi \t s ’ -  - - ~KiDen
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Sessio n IS ss-’v. Prupallants

In Pfiuta5 5. ,s ’en StrI. - t,s ‘-i’s! ~~~ - t . iu i .  upelliuirt ti — ‘  ks - .  - sill, ’ s - i  (iani ,,,i,I 1 c ’s  5?;. ‘1 Ruining Ru.. Ac -t i
b~~A l ( a m p

I ‘ (u’tu Geneiu toe ~ ‘upvtlinn ‘ -r l~r r -~ 4cr .Wtsniea
b~ K -S i I SIr~~kCr and D hLnde

I’ \ s s s  Rus.kr Si sh’ns ‘ r ( ‘onrp ositv Ss ’hJ F’l ’- i tpc-Ii Jnu
t’~ 

( (uotz rnt-r and ~ Se- silt-n

I ”  The .-4grlng 1eh~~,ri r, ,  s~ Solid k - - . A . :  Pr’sapeli.anta Rcgw’ii: ’;~ :hea~ OS. - l j,: ; ’g l ~‘Ps ~i rr f : r i
h> I) St- hnutt

L) .4 ntghonruo a, Jis ~~-s- -; ’,i.-:, - -i Rsaltstsquei ci J .-i ~~~r ’~-i- ” ’ t f s s ’  s , ,, - i i sui  Tem pt - Is s I”. :-. ri- i s  t.in-i I 5 °-Ic,-

~‘.II *. I) j5~-’~Js

Session S ( s ’ i n  Pm s t i..ii I n-s tat — u s

1l Su n,4’ ~ -i,Ncnu s , t  5 - ’ :  ltnvu’ hjs-g ’ i In %.4sd Pnupt ll~r ; :  Roi At’i 0! - r - r i

P-’ s I I s I

,~ / t Ii,h’ . Ri’s-m e-,, ci 05/ k 4 s i ’  is-S 1-: s t , j - i : s ( . - Jr ( s .ot/i; i i t is ’n ,i.j,; ’ it’ u Of - ru - : . , ’ i s a - i c r ’  -‘ Prugs-e-,g.ui So! ide
par P kuent imann

itt

~~~ 
l : - ’ - , i:dtk ‘t i l l  ‘ n,hguUrin !nrrg t ’thi, Rcsean h to Ss i/is! Pn’ipqllint K - ~ . - ‘ ‘ ProNenu

by RL Derr , II It Sl3ih~ -i and J I (‘rum p

4 Self -Sp .siicrnetl f h ,’dlit-i-,, .,,nh u irsian ‘f 5..!,. ! Rn  Ar t  P ’--iup rlluanti
by L lk l ss. , s

~ I. ‘is / ‘,- ,so ’n , I h , sl. ’j t  ‘s  ( - ‘n i? ’,a .1;- ’; Es perf tnents .iri.! Results
t’~ I I I  K

26 5 in ltnru~ ( su . . - ” , s c t i - .n (u, , tj t ’.Ii ; .  t~ .~~il~I F-i” ‘; ‘cihi ’: t k--  i i ,  O f , - .5  !.-~ ~~~~~~ e • - ‘ (;,q,n,~s,,- and ~~npell en?
in

‘-t PSI h ughes antJ 1) 1 Smith

.‘ Pit’ Surf ’s- s - i s - - ’ ;  Of ( - - “i P ’.a Uk ims lsutebillty ‘ - u /‘, j . ’,  5 5 j t ~ I)~inpsn,g in , 5. ‘lid Pr-uupeli.ent If - i . .

by (~ I t  sa n - s and P l~

Sesiion SI  Pl eas TransAct anti Mate r-tab

215 qasr,,ai 1~’.shl, ’n, sir Jet I art s- P m-- ..: I t ,  ro, ( I  ‘-:,  .1 5. - it s-m i

P’s 1) kampa . 5% V. ~s and K ‘-i~-
~~:n.; Ao - y

‘~ (on,pouIrs in I-’utu,v If - ,  / I~~Jis ’~rr P ,S’is i ~j~ . h  l ir ~.
by \ 3 Parrat

*0 F’i’-i’,i,,ulus, -I: .  ( -“st”sr!rota~n; is-s Of .i:,  n,...t P~.#noliqwes l’~1.i:s ’ l ” - ’ c r r .  Re’u.-ewts
pal ( Bonnc t

Session S II Testi ng and lnsln irnentat ion

~I (,ir P’:i’-i $‘eIns-us IVozsure,nt ’nrr in Solid Rut-Act l ”- - - ;” ’ ia ’: .  b~’ 141cr !-I-~~ f’1f p lnrms,metr i
k by ‘t i s e - bc I 1k Luc~. (. I Senulafl and A S s , I r i

by K S.Iknwn and i-f 5 Waugh

t 

2 l’rrnv,V sand Id ’. , ,s’ s Reapnnn’ F un. ts .iss .W,gsu,rnw’nt, P-u the Rotgttng I a/re Ale-thud

33 ( /t ’j is ’ it s f fl14 f151~~ 4 t: ’,-;sr.I i- 5 - ’ ~ I) c ’t ’i,, iii. - Teatl., s i  Rot’Aet Pri ’sp rllantr
t’o- I) S I)eun andl5 t ’ ’rir-en

~4 i ( ,,-.i,’rs i / i s- l Solid If - i - .  1)e,eIopment Tiat I,’ ,” - ‘ si.* 155th 4pp/si at:’’,, t s ,  II’S
by I St ampfl and I) Slas

(

L -si ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~:::. :~~
- —

~
=

~~~
--

~
- - - — ,



-v ——---——
~ ‘-—‘-- .—‘- — “-- --— ‘-

———‘ —
- - - —‘ -— -

.-- ‘- - ‘,---.-- --
— —--—------------ ---- _ ___,___ __ _,_ __, - _

~~ _,—-__ __,,_ _ - - -- -

~~~ The (i, siI S :j ’s .t~~sIs: vsI rest lf~ i- s r - i  j r . - !  Lcbucwis- ’. Ti sUt tAv A..4upn.e#~~u/ .Ilsru!c~~ ’u ,piiô,s.n Trtkirii&sg,

by K R~~ esas

ir. %I,’j i,a ‘-i-” i(’ I /  ~~ ‘t.  i t  trasu,aest, tir Ro A-v t Ii ’: ri
h~ U s 1km

L I  -_



- - -

RIPOK1 t )( )( (Ml  ‘1 ~ !hO’S P~ t .l

I Rct’~qtli~t ’s Refcreisu ,t, 
- F ~ (k ~ utatt-ie -s *dircencc ’ I~vthcr Rtlcre~ ’c 4 See-sifts (1a.r4kanoiu~

t isA t)ucumeei

lSI3\ ‘? :-s * c -1337 . J t ’~’-s ( I AsShi It I)

~ 1ki ,natur \dstsors Group 1.-i Aeros pace RCieatslh *nd I)csdiupuicrit
North AtLantic I f t -a R  Organizat ion
7 rue- ~n~c-Ik - ‘J 200 \ t - ts i I I% sur St-int- - France

6 Til k II ( IIY SI ( A L. 1~~ -5t ( ‘~~l K l\ RI-PORT on the PK~~1’t ’ l S1ON A!’sl )
I \I K( .t I l( S P A N t  L ~liJ “I \IPO SILJP4 Oft Si)! I!) h’U X K! I ~

l() I’OR
It  I IN () 1 (K, ’i 

—
~

‘ Prr.’.tedas ~1

M s~.1h..ts )’cetu.1sl , D.~
M Rari+re, 51u It l)ie’iingcr and -‘ llomt- urg Scrt rri:hc- r 1979

‘5-

hO -‘sst t.m’s Itiati -ir s Addiess II Pages

Sce- t1-, Icaf 4

12 thstflbvtuosi St-stnnrnt This document is distnhuted in accordance with t~t , -
~~ 

K !)
policies and reguladorts. which are outbned on t he
Out side 13,acI (‘ovr fl - ‘ 0  ~ll A ;ARI) publication s

Ii Krs woids. 1Ie~~upt. ’n

Solid propelLant rockets Combusison s%~ * ’shiI y
Ss’ lis~ propellant rocket en~ nes l3urnsng rate
Solid propclh.ants Intent -sr hallntics

Abstract

The Propulsion an-I I-nergetics Panel 53rd Symposium s-n ‘5s.- hs d Rocket %ti ’ t - ir 1e~hnoho~ - ’
was held in Oslo . \ ‘ir’.-s’a) in Apnl l’~” s~ A conudera hk numb er of esperts of nine N
nations , both from the ~.“ i’ ,ir -~h and the des’e)opment aide convened and dtmcuised the
present st a t u s  of sobd propellant tut kc t r ~ Wi t h t he Techn ica l I-

~aIuat ,on Report .
pre-wntett as an 5’ .ARI~ Advlsory Report , a team of three authors as~ ased the wanou s
contflbutions and - .r tJ t - r t i n c J  the highlijh ts of th e- Symposium The author s ofie r their
~.in~ Ioicinns about the meetrng and thei r recommendations for short and long term act ivi t ies
in the field

The pape-r~ presented at the Symposi um. the disc ussions held and the concludin g Round
Tshk Se~ ion are published as A(,ARI) Conherensc Proceedings ( P-~5Q



p” --

_5 I. 5. 5

• I-~- —— ~~ £

: ~ ~ ‘ . U .
~ ~~~~~~~.t

~ 
.
~~ i — . - -

~ ~ ~- h i  ~~~:-: ~~~~~~~~~~4’ 

1 _ _ _  — _ _ _  _ _ _ _ _ _ _ _

-
~ ~~~~~~~ 

‘
~~ 

:;-‘ C
4 — ~~ ~~~~~~ • I—

a., ~~~~~~~~~~ ~ ~~~~~- L c  ~~~~~ -

~~~

d_
; _ ;. E 

~~~~~~~4 
-
~~~~~~ ~~~-~ c ? !:.~I ~~~~~~~~~~~ -a~~~

~~ 

~~~~~~~~~~~ 

-L

~~ ~~

E~ El
~~~~ ~ 14 ’ ,~~~~~ 

~~~~~~~~~~~~~~~

~ 
:- ~~~~~~~~

-
~ 

~~~~~~~~ _ 
:-~~~~ ~. . ~~~~~~

~~~ ~~~~ ~~ X Z J ~~ ~~~~~~~~~~~~ -

~~ ~~~~~~~~~~~~~~~ ,,. —
~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~

- ~~~~ ‘ - — > — -~.~~~~ : ~~~~-
-:_ ‘ —

~~
:
~~~~~~; E I 0 

~~~;!~
-
~~ ~~~~~~~~~~~

~~~~~~~~~
~~~~~~~~~~~~~~~~ :a.

’ 
~~~~~~.

- : ‘ 4~~~. ~~~~~~~~~~~

a .
— 5.,
5-. _4~~~~ 

- -
— Ix

— — —  — £ 4. — —  — ‘ -
c~~~ c ~ 

-. ~~~c
- aa a - -

~~ 
- -~ 

-

‘ 2 fl~~~ ~~~~~~
-

- ;.

L~~~~~~~~~~~~~~~~~~~
!h 

_ _ _ _ _ _ _  _ _ _ _

-
~ ô : - ’ ‘

~~ 
ó : - ’  c

4 2 a _~~ - -  ._ ~~~~~~~~~ —
a.. a..

‘

~~ ~~

~~ ~~~~~~~~~~~~~~~:,~ 
‘- ‘ E - .~

’
~~ ~~~~~~~~~

I ~ 
~~~~~~~~~~ ~~

‘
~~

‘
~~-6~~~’- “ 

~~~~~~ j~~ j -5  ~.-~~~~~ ~~~~~~~~~~ 
~~~

r--

~~

’ - -

~ ,~ ~~~~ U
I , ;~~~~, 

~~~ ~~~~~ 
‘ 

~~~~~ I —  
~~~~~~ ~~:~~p ~~~~~ 

- — ;~~ ‘- ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~_ _ ~~ 
_ 4’ - .4 —

~~~~~~~~~ 
~~~~‘E ’ ~~~~- c~~~4 ’- ’ ”

~~~~~
_
~~ 

•

~~; - ,

~~~~ ~!i~ ~!1~~j Ii;! ~;~~~~~~~~~~~~~~
-
•

~ 
~~~~~~~~~

~~~~~~~~~~~~~~~~~~~
~~~~~~~~~5 7 s ~~ ~~8 Y ;

_
~~c~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~

‘
I ~~~~~~ 

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —-~~~~~~~~ - . — -



_ 
_131

Fr [ “i ’  
~ ~~~

Li ~I III ., . ~ F1
g~J‘
~~~ If ~~ ~~ ~

-

-.
— ~~ .g~~- -~~~~~~~~ c r

‘
~~ ~L~

- 
-

:~:-~~-- S -? ~~I ; ~~~~~~~ - 
-

~~~~~~

. 

~~-i: ~~U ~~~~~~~~~~~~~~~~~~~~

~- L  ~

~~~~
~
, ,-  U

~~~~ ~~~~~~~
~~~~~~ 

~~~~~~~ Ua

1I![ ~~1 ~~~~~~~~~~~~~~~
. 

~~~ ~~~~~~~

il ~riI~
~~~~1~~ ~

_
~~~~~~~~~~

-

~~~ 
~~~~~~~~~~~~~~~

& _~~ ~~~~~~~~~~~~~~~ 2. ,~ ~~~~~1 ~~~~~~~~~

~~~~ ~~~~

al ~~~E C ’ ~i E~~~C

~~~~~~

- 

~~~~~~~~~~~~~~~

ii
U —

UI

~~~~~~~~~~~~~
Ip

g-~~~

-

~

-—-—-- - -

-

~

--- --

~~~~~~~~~~~~~~~~~ 
- -

~~~~~~~~~~ 
-


