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21 FebI"U!U"Y 1956

t.:!::-:0RA1:nm4 FOR: Colo:lel Charles H. Terhune. Jr.

StJT'...JEC':2: Research and. Development in Rocket Motors

L N'ith reGo.rd ·~o our coordinstion of activity 1oT1th WADC end AFOSR.
this cf:icc is opc::-;;:.tinl; CY.actly along the lines s1.l,S£;cGtcd by Generel
Docie:- ~_n -eha inclozed co=unication. I-ath rec:;=d to ZAC. hovevcz-, no
lines of coordin::.tion have been established. Althouch '~1(J work. of ;;PAC
in tho SCl'lcrel field of propell~t and rocket c~sic devclo~~nt hes boon
lbitcd. it is felt that a. review of the prozram sponsorod 'r,;~' fSAC e.nd
tho::;e eontcI!Pl~ted would be in order.

2. It is reeo~nded. therefore. thct vnYrP be permitted to contact
;;PAC and al"rance for a general discussion of the proGram sponsored by the
two orsani:ations so as to avoid unnecessa.-y duplication and overlap.

t. N. H.4.ll;
l.t. Cclenol, USAI1

1 Incl:
Cy 1tr 30 Jan 56
fu RDTDAG

E. N. HALL
Lt Colonel, USAF
Chief, Propulsion Group

J', {

dkarl
Text Box
Appendix 9The Development of SM-80 MinutemanR. F. Piper, April 1962Documents 7, 8, 9Digital National Security ArchiveNH00024



WDG 25 February 1956

MEMORANDUM FOR: Colonel Sheppard

SUBJECT: System Mobility

Do we have studies underway concerning a completely
mobile ICBM Operational System. Also, what are we doing
with respect to studies conce ing mobility of the missile
stockpile.

B. A. SCHRIEVER
Major General, USAF
Commander

DO\V~'!G~~,:~) ....,.T 3 Y:: ..\r1 :;'::~;-::\'ALS;

D<::CLi~S;;:::::::D i'~Ef~ 12 '{;:"'<S.
DOD DIR 5200.10
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CONJ,lUNICA,nOllS CtJiTIR hO.

PRECEDENCE IACTION [INFORMATION

FOR, :::::= d." ',; ffirO:lITl

TO:

II:GIE:100D CALIF

DATI:.n"H:; GROUP

23 22;)0 P~b 56 Z

o =KMtssAGE

secURITY Cu.~lnCAnON
q-

J2 , '

o ORIGINAL MCSSAGE

CO:·::;1\
A?7.J:

TIQS 1-.?IJ: B.nLTIHO?.E t·::>
L':! CGLOIrr::L L. F. AYFSS RDTD??

o MULTIPL£ ADDRCSS
CRYPTOPRECAUTlON

DYES oHO

INFO: cy: RDTD??

IDENTIFICATION

REFERS TO MESSAGE:
Q.ASSIFlCAllON

I '0&"::: FOLL01!II:G DEVELO?·:E:!flI PLAn IS Stm:·ITi'oD AS PER 1BQUEST 2h FEBRUARY 1956.
P]O?::LL.~.I:T

SOLID/ROCiST DEVELO?,lEiiT PLAN. A. OBJECTIVES 1. 'nrE: OEJECTrVES OF TEE SOLID

PROp;:'j,T,AJIT ROCKET PROORAM A.11E TO OBTAIN TEE BASIC II:FOi\1·!ATIO:J m::Ci:ss.<\RY TO DETERl-UNE

FRa·!: 1·1DTLP-2-6-E

DOWNG"RAD::D AT 3 YEAR INTERVALS
DECLASSIFIED AFTEH 12 YEARS.

DOD PIR 5200,lQ

T::I: FEASIBILITY OF DEVELC?Ii::; SOLID EOPELLAliT ROCKETS StJIT.APi,....· pm U~ AS PRD·lE

Il':!:DIA;m OBJECTIVES A.'1E co DEVELOP PRACTICAL TEClw.""IQUES FOR !·:ANUFAcnmnm HIGH

IS?.FO?,;·W:Ci: SOLID I'RO?ELLA!;T ROCKETS OF Z·:AJrn.:u:·! RELIABILITY HITII OVERALL D·:PULSES

B!:Y,Iw:...1 FIVE (5) 1·rn..:r.rO!l AND THEi·:TY (20) Z·iILLIo:r PODr,1)-SECOlmS AND BUP.imrG Tn-IES

iETi·.'EEl'i F"".JTY (50) AND ONE EUIIDRED MID FIFl'Y (150) SECONDS. D. DI::VELop;·rrmT PRO:;RJI_~.
\..,;/,,-~l_~;~':_c:..u

1. IT IS FLAm!U) TO CA.'L~Y OUT TIlE '?,lO-YiAP,>(DEVELOR'iE!;'I' PROORAH III TilO PHASES: AN

.
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StcURIT'Y CLA.::~IF"ICAT10N

z
DATt.TIME CROUP

23 22)0 r20 56
fROM: (O,"/ZinlAtor)

1- SPACE .'BOVE FOR COMMUN}CATJONS CENTER ONl.Y,...-~~~----",:",:~~":.":=~~---

PRECEDeNCE .LACTION
FOR: ~

I'NFORMATlOH

PiUORITI --

TO: o IIOOK MessAGE

CO::!)R
J..'3:ii:

HQ..5 jl\JJC B.Pl.T]j.~03E 1-ID
LT co;:.o:rr:r. L. F. AYP.ES F.D'D:l??

o MULTlPLL ADDRess
CRYPTOPRECAl111OH

DYEs 0110
REFERS TO MESSAGE:

a.ASSlnCATION

IIOENTIFI._CA_TI_O_" "-- _
mFO: cy: LT COLQ;':zI, P. G. AT'l\II,SO:~ RDTDP?

DEVOTED TO THE DEVELO?;'!ErlT AIm TESTING OD' C:3 OR 1·;ORE SPECIFIC UNITS. 2. NO ~iORK

IS PL.~J!':ED OIr Ti~ DEVELOINEIlT CF NElor PiW?E:LIJU~ FOm.fULATIOlm, mrw METALS (ALLOYS),

PL.0..5TICS, OR CASES. EFFORT HILL :BE COliCEl~.ATED OIl TRE DEVELOPNEI~ OF TECHNIQUES

FOR USING- TEE BEST AVJJ:LfJILE PROPELIJUiTS .AIm I·:ATERIALS OF COHSTRUCTIDrl IN ROCKETS

OF TEE SIZES :REQUIRED Fa.~ IRB:-l APPLICATIo:r. 3. SPECIFIC h'.t:.;$ TO RECEIVE ATXENTION

pa.~ urIDERTAKIRG .AIIALYSES OD' THE POTElmAL I-IISSILE SYS7l1·:;:; :'~,i ;;::UCH Tim POl-lER PLAIns

ARE TIiTErmED. TrrIS AHALYSIS WILL PROVIDE TilE DlPOR:·umw I-1HICH FOLLOl-1S: (A) AN

EXACT D.c.:L:;....t~·:mA7.roIf OF TOr: FEASIBILITY .AIm DSSIRCWn.ITY rna-t A PRACTICAL STAIIDPOTh'T

OF DSVELO?II:G PJl IRF.:,r PO:'1ERED l-TITH SOLID ffiOffiLLAllT ROCKETS. (B) DESIGN OBJECTIVES

FO?:·'H'" I:ISSILE POHER Pr.:l1TS: (1) NUl-lEER OF STAGES P.EQUIEED. (2) TBRUST IDlE

&..i.ATIO:;SRIPS P.EQUlRED. (3) onD-iU:-l CO;~IGURATIOil FRa,1 STANDPOINl' OF AR.1ODYNAl-lICS.

(4) (5) STRUCTUROJ. REQUIRElsms.
.. '"

,lIi[CURrTY a.ASSlFICATlC)N

I

(6) BALLISTIC CO!."rnO!..
. _I.!TlTP-<:;h _"l?

JPAGE 2 OF 6 PAGES
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I 0 ORICINA!. "'-"SAce

JstCUm~ CL-'5"nCATION

CT'*:'
1-'=-"'-----""""-'-"'r:~7--'-"~ [ INfORMATION

p~ImI'lY
ca·J)::'{ I·S;"·.l.'~::i DEY DIV IHGI.T:'llooD CALIF

~---=-:---- SPACE ABOVE FOR COMMUNICATIONS CIINTER ONI.Y.........,--.~_-.. ~~_~ __!
FROM: (O,i,;nator) DATI:·TII.;£. CROUP

CC7.:DR ReS k"IDC BAL'I'I1·:0RE !.:J)
Nffii: 1.T COLOi;EL :L. F. AYP.ES RDTDPP

REFERS TO MESSAGE:

INfO: cy ; 1.T COLONZL P. G. ATKn:SO:~ RDTDP?

IDUH1fICATION Ia.ASSlfiCAllON

P.E(UIP..E:·;EI;TS. 4. EFFORT DURmG TEE SECO:m l'EAR i1ILL Cor-ISIS'll OF REFDlEl·:J::llT OF BASIC

DESIGrrS DEVELOPED DURDm THE FIRST YEAR AND T~ Cv:·~·::El:Cm$liT OF RELIAIlILITY TESTDm

OF ROCKETS BASED on TlIESE DESIGiiS. THE RELIJl.BILI'lY Z:;S~Ii:G PROORf~·; HILL COlISIST OF

FIRIirG OF APPRm:n.:ATELY ho FU"'..r. SCAI.E ROCKETS WillI;;,} ':'0 'r~ SELECTIO;i OF A DESIGn

A ,~~.~

res FLIGHT rr:-:S:L'ING. 5. ~.:::- THIRD YEAR PROORA!.I"'~~CO::SIST OF Fi.JR'lliER TESTING

BASSI> Oil' szcoxn l"Et_q FIiillII-rGS MiD TEE FLIGHT TESTmG OF ~mSE DESIGNS. IT IS
I.-....LV....

EX?ECTED THAT ;.:?ffiOXll-<ATELY ONE HUiIDRED (100) UNITS ~n:" B:::: FLIGHT TESTED IN TrlIS

F;\OORf.1·: Vi.l.'.::.rl CC:·:?LEi'IOH OF DEVELOPHEIrr a"'ECTED BY !·IJU::CH 15)60. 6. IIi ADDITImr TO

'",:rlE PREVIew'S TASi~ ASSIGNED TO IiES'.l.'L.~r DEVE'LOH·IT:frr DIVISIo:r THE OFFICE OF SCIENTIFIC

RESZA.'::icn liAS ='::'=::1 DELEGATED TilE TASKS OF DEVELOPIHG HIGH TEl·PERATURE CEr·:EliTS, THm:AL

3Al1?.IERS, COATmG !·lATERIAL, AiID COIlD'JCTING CliE1·rrCAL JaHETIC ST"UDIES OF SOLID P.RO

PELUJi'lS TO ESTABLISH LAHS OF EROSIVE BURNIKG MID O'I'BER APPROACHES TO HIGH LOADING

DEliSITY. C. AIiTICI?ATSD PROBLEir. A.'::iEAS 1. RARD"IATIE - no SYSTEJ.!ATIC STUDY HAS BEEN

I·lADE TO OETAIll KI\XIl·:m.: STRENGTr.-TO-liEIGHT RATIO ROCI<ET !·;OroRS FOR SOLID PROPELI.ANTSj

II; PARTrC-u1.A.~, TilE DESIGU OF NOZZLES HAS BEEII ACCC:·TI?LISiED ON A PJRELY Er·iPJ:...'UCAL BASI

mTR LITI'LE A'I'a;:lTIo:r TO I.m:rmZmG ~iEIGRT. INVESTIGATIor:s HILL BE p,ililfm:·;:m ON THE

US:::: OF HIGB-STP.ENGTH lTOU1iD CASES (OF TEn; S:LScr. STIlIP), PLASTIC CASES, ADHESIVES,

AriD mSULA.TD\G MATERIAlS. STUDIES AP.E ALSO l·;:-;;::mm ON :r::::n."Il.ru!'! ~JEIGIIT i:OZZLES CAPABLE

OF OF::8ATro:r FOR REQUISITE PERIODS. 2. co:·mOLS - j·:AJOR PROBLEl·:g EXIST III TRiWST

~' :-"'\'.'";'.. . "iii. a_&.-~, _

_ ~""--Ye-=--
--=b'~~ ~E:CURITY CLASSIFICATION

~"'PlC'T'

IIDT?-56-32
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I JOINT fiflESSAGEFORM
CO"''''UNICATIOHS CtmtR rrto.

S1"CURITY CLAS~lfICAnON
1------ SPACE ABOVE FOR COMMUNICATIONS CENTERONLYr--------~..................~....--_\

TO:

PRECEDENCE I ACTION
fOR: .;.-. ": -t-

o BOOK MESSAGE

IINfORMAnOH

PRIO~ITY'

o ORIGINAL wtssAc;£

C():J)~

N.i."J.~l:

HQS A"IDC BALTDjORE !.J)
m COLOI:EL L. F. AYRES o MULTIPL[ AODR£S.S

CRYPTOPRCCAU'TlON

oYts 0 100

REFERS TO MESSAGE:
IDENTlflCATION a...ASSlflCAnON

INFO: cy: LT COLO::EL P. G. ATKIIi'SD:f RDTDPP

VECTOR CDrITROL ArID T"lIRUST TEPl·rrNATIO>l. JET VA:::SS, GIJ.:BALLED NOZZLES, AND DEVlATIOU

OF 11U:: EXHAUST GASES BY BOmlDARY LA.YER SE(X;l\: HILL BE: IIiVESTIGATED AS POSSIBLE SOLU-

TIorTS FOR TEE T"riRUST VECTOR CO:iBOL PR0BLE11, AND 130m cm::mCAL AIID NECHANICAL m:ANS

3. PROPELLANTS - Tj'lO CLASSES OFPRo~r
i -_.

ARE Cc!·::?QSlTES BASED UPON POLY1JRE'.i:Hl,IiES, OR BUTYL AIID !olODIFIED ems STIITHETIC RUBBE:R.

TnIOICOL PROPELLANTS HAVE TEE l/lAJOR DISADVAIITAGES OF HAVIHG A POLYl-lER WHICH IS

DIFFICULT TO C01'TROL ~1ITHIN NAR.10ii LJllITS, AND HIIOSE: TEEPJ·w. STABILITY IS UllDESIRABLY

p.c.:.."lCEIITAGE OF OXIDIZER FOR sTOICIa·mTRIC LOADII-:G WI'E CO:lSEQUErrr GOOD PiIYSICAL

PROP,",-"lTIE3. SPECIFIC n·!p"ULSES OF TlIESE PROPZLLAIU'S .ARE SO;·\El·ffiAT LO'NER THAN THAT OF

TEE RUT'JE::? BASED Fo~r.ULATImiS, AI-m El."TRACTIO:·! OF !·WIDRELS FRa.! VERY LARGE GRAI1i'S MAY

BE Dn'.,"J.CDLT. '.i:.dESE PROPELLAIlTS APoE CASTAELE l£ICiI !.:AY PRESENT A SIGrrn'ICAI~

.ADVR.?!AGE OVER TirE RUBBER BASE It.A.TERIALS. SPSCIFIC Il·WULSES OF TE:E l1t.TERIALS ~1HICH

SEEr·! HORTHY OF FURTHER STUDY RAIiGE BET\oiEEN 220 and 240 SEC. 4. IIlTERIOR BAI.LISTICS
<;1:/'1 ••

IN Q.'Gi'"=:q TO OETAII'! LOADING DENSITIES sri), OF TE:E ORDER OF 0.95, IT ~lILL BE NECESSARY

r.llG " .-. D ...Pl,;i;;UL . . ~~;i.~ T.ITY!'P_<;h_ ':::?

Vu ;~ i i c': LI Vhrt -=-;&5fif.:'i@t1 Sl:CURITY c;~;,,:.~"" IP'.E 4 Of' 6 P••".
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CXUO.UNIC\TIONS CD(f[R NO.

jOiNT fftESSAGErORM''----------,
.-'

FROM: (OtJ',zinator) DATt.TIMe GROUP SeCURITY CLA:>SIFlCATION

23 22:);) Fcb56 Z 3_3.IT
rm:C(Di::NCE I ACTION _[INFORMATION

fOR, .... __ PRIQ."lITY

TO: o BOOK MtssAG£ o ORIGINAL NtsSAGE

ca·:DR
ATl'l'r:

HQS A.'IDC BALTTI-:ORE 1m
LT COLom:r. L. F. AYRES RDTDPP

o MUL.TIPlt ADDRess
CRYPTOPRrCAU'TIONo YJ:S 0 NO

REfERS TO MESSAGE:
IOCNTtflCATJON a.ASSlfiCAnoN

l:l,O: cy: LT COLOiSL P. G. ATKIrmOr~ RDTDP?

TO STUDY METIiODS OF AC"JIII:VING CO:ITROLLED E..'\OSIVE BU?l/-r!IG, ArID OPERATE AT VERY Lml
on CONICAL

PQ.'\T TO THROAT RATIOS. CEA.'\GE COHFIGURATIO!m COIITAIIm:G A CYLnIDRICAL/PERJ.7QRATION

APPEAR TO Ou-Sit It.A>:ImJl-1 PRCl:-1ISE BECAUSE SUCH CONFIGURATIO!~S EVIDENCE MIND·lUI·l DI8-

TORTIQj~ WITH TEl·2ERA'l'URE CHANGE. IT PROBABLY Io/ILL BE NECESSARY TO VARY THE: CCNPOSI-

TrOll OF TEE PROPELLA11T THROUGH THE \olEn IN ORDER TO CCIr.PENSATE Fa.~ THE PROGRESSIVE

PRESSUnE TI!.~ CURVE mITCH IS !/Omw.:r.y O!lTAI1'ED 1·IITH A CYLINDRICAL PERFORATIOn.

5· IGlIEIC;; lJID SUPPORT - IG:!ITIOII OF CHA.'\GES OF THE ORDER OF 40 FEET In LENGTH

IS E7.?EC7J:D TO PRESENT SONE UNIQUE PROBLEl·1S, PARTICULARLY BECAUSE IT vTILL BE NECES-

SARY TO IGNITE FRCZol TIlE NOZZLE END IN ORDER TO PRESERVE THE STRUCTURAL INTEGRITY OF

'i3E CASE. IT IS EXPECTED THAT IGNITERS OF THE "S3OT GUN SHEII." TYPE, USING METAL-

OXIDAl1T-PYROTECHNIC lUXTURES h'ILL PROVE SATISFACTORY. THE J,~CB.ANICAL PROBLEll.s

Il:VOLVED IN J,jOUHTTI1G THE IGlITmR I·TILL REQUIRE ATTZNTIo:l. IN .ADDITIOI~, IT ITILL BE

DSSIRA!lI.B, IF HOT r.:.tUlDATORYt/ TO HAVE A PROGRAH LEADmG TO THE DEFnITTIOr,r OF THE

FU:CD/.l,SiiTAL PP.P.PJ.:ETE3S OF IGNITION OF ca·:pOSITE SOLID PROPELLANTS. A BASIC PROGlWi

r:l CTB:ER S'JPPO~T AF:EAS SUCR AS iILR~OPHE:r:lT OF" SUPERIo..q PLASTICS AIID ADHESIVES

v!ILL BE PU:::SUED. cnrr";ll'"'~ .tl!kl!!l'SECVRrrYaJoSSIFICIoTION I !·ffi'T'P-C;h-':l.::>
~ ... a I _ '-I I I r.'i PACE OF PAG[S

- ~ ~ .
-.

. . ..
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SecURITY CLAS~ln~AnON

Vliirm:
DA'TL.TI"U: GROUP

23 2200 F:3 55 Z

1-....---- SPACE ABOVE FOR COMMUNICATIONS CeNTeR ONLl·,....--------~---~~~--_i

TO; o DOOOMtsSAC'

IINrORMATIOH

PEIQ3I'7f

o OniGINA1. MESSAGE

REFERS TO MESSAGE:

CO:·T.R L~S ARDC B.'\LTIl·10!'\E I·m
A'I'I':\: LT COLOi;EL L. F. AYRES RD1'DP?

o MULTIPL,£ ADDRESS
CRYPTOPRECAU'nON

DYES 0 NO

IDENTIFICATION CLASSIFlCATION

INFO; cy: LT COLO;;;:r. P. G. ~lrsOll RDTDPP

II. ESnWt'l'ED COST E?EPjmO.·m 'l'l1!iOu::.r FY 1;)58. IT 1956: p-600 FUNDS - $3,000,000 

AIm D'...?~:n.:E;:TAL mVESTIG1\1'IO~
PliO?,JLSIGrI DEVELOP: ::::;T AND I.rrSSILE. S21,mIES,.L IT 1957: P-600 mms - $5,000,000 -

AND C;;:;I:.csAL DEVELOP;·lER'r.
PROP"v"LSIOrr DEVELO;:;·ZIrr Alill mssns STUDli:Sj P-150 FUi:J;;: - $15,000,000 - EOP'J"'LSIOH

LEAD TIl·:!:: lTEiI.S, £:Q;::rll?-3 RELIl.3ILITY TESTnm, Io!ISSJI.E :U:::V::r.O:;;·@n' )JiD FABRICATION,
Po~S 0 ,;, ...C .

n'CLUDIr.G u:AD Tn·IE I~'El·:S. II! • SOLID PROPEU.JU:T Ro:iG::T D:VELOR·lEHT SCHEDULE.
I'

A. II'I.l.'rIAL PROCURE1·2.1lT \oJ(1'1K TO SI:J:.ECT CONTRACTQ.1S AND AI-!ARD COiiTRA.CTS - JAN-HAn 195~.

B. PROPU"LSION COL:'l:MCTO;\S PERFQ.lHAlTCE MID DESIGN STUDIES - APRIL-JUnE 1956.

C. PROP"JLSIO;~ DEVELOR·IENT ~ST PRCY-m.o.z·! (DETill'.!{!:IlATIO;r OF FEASIBILITY & OPERABILITY) 

JULy 1956-AP.?IL 1957. D. PROP"JLSIOlI' RELIt-EILITY TEST PRO".zP.Al-i (Pi'~?A.~6!~
•. ,,/t.r.~

-ThI02'::.' "::'EST) - !·!AY 1957-AffiIL 1958. E. }IDD /,lID R-W SPWSQ."'IT:D ?oIISSILE OPrI!-ITZATION
'"

STUDIES (DEFIi':ES !-:ISSILE SYSTEH TO BE'DEVELOPI::D) - JULy 1956-DECE:.!BER 1957. F.

MISSILE SY':::'::.; CO;:T?.AC'I'OR DEVELOR·IENT PRCGRtl!·1 - APRIL 1957-MA..'qCH 1960. G. j·rrSSILE
', '"":;.'-' .'

AIm EOPULSIO;{ FLIGHT ~ST PROGRAH - AUGUST1958-!.~.!lCH 1960.

~euRlTYeusslF'ICAnOH I
PAGE
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