


!"#$%&'()*%+,-(./01%+2.03'1%4(-5%.)6%4(6)%('/7-)%-18.1-%.1%

)*-%/',901:%90(7.18%;')%)*-1%;'/0)-5%1-0(%<*0)%.6%1'<%='6%

+18-;-6%>1)-(103'10;%+.(9'()%?=+@AB%C*.6%,05-%)*-%D1.)-5%

E)0)-6%+(,:%9;011-5%F6-%'G%)*-6-%;'<%)*(F6)%('/7-)%-18.1-6%

?HIJIII%)'%!IIJIII%;K6%)*(F6)A%G'(%;0F1/*%'(%'(5101/-6%0%

(-0;.):B%C*-%D1.)-5%E)0)-6%+.(%L'(/-%(-MF-6)-5%;0(8-(%('/7-)%

-18.1-6%?'2-(%!IIJIII%;K6%)*(F6)A%015%0%=0(8-(%L0/.;.):%<06%

1--5-5B%



C*-%N'<;%%%%%%

COP+Q%

C*-%EEL=%<06%E-;-/)-5%G'(%.)6%

%%%%%%%%%%%%%%&0)F(0;%R'/7:%N'<;6%



L.2-%)-6)%6)0156%<-(-%'(.8.10;;:%/'16)(F/)-5%.1%)*-%N'<;%0(-0B%E*'<1%.1%)*.6%S'5-;%0(-T%

U-(3/0;%C-6)%E)015%V!%?UCEW!A%X.6)'(./0;;:%E.81.4/01)%06%.)Y6%0%/'9:%'G%)*-%Z-(,01%['(;5%>>%

)-6)%G0/.;.):%0)%\--1-,F15-%5-6.81-5%K:%[-(1*-(%2'1%N(0F1B%

C*-%/',9;-)-5%K'<;%0(-0%

.1/;F5-5%]=C%>%?]',9'1-1)6%

N;58BAJ%)*-%4(6)%'G%<*0)%.6%)'%K-%

42-%/',9'1-1)6%;0K'(0)'(.-6%

)*('F8*'F)%)*-%EEL=%

\('^-/)6%)-6)-5%0)%

C*-%N'<;%.1/;F5-%

&020*'J%R-56)'1-J%

C*'(J%_F9.)-(J%+);06J%

E0)F(1WU%%



•! >1%!"H`%<-%6--%)*-%

/',9;-3'1%'G%)*-%%

]01:'1%+Ra+%%



•! C'%*015;-%)*-%1--56%G'(%CXOR%015%+C=+E%P-2-;'9,-1)%015%
)-6318%+>R%LOR]a%\=+&C%VH$%?+Ra+%>>A%015%+>R%LOR]a%\=+&C%
Vb#%?c1'<1%06%&+E+%=O@%\=+&C%.1%+Ra+%>A%<-(-%-6)0K;.6*-5%
.1%!"H#%F15-(%)*-%&++%F,K(-;;0%015%'d/.0;;:%)(016G-((-5%)'%
)*-%G-5-(0;%8'2-(1,-1)%.1%!"He%<.)*%/'16)(F/3'1%'G%#%)-6318%

0(-06%+=L+J%NR+UOJ%]O]+%f%Pa=C+%%



•! +=L+%0/320)-5%.1%!"HH%



•! NR+UO%0/320)-5%.1%!"Hb%



•! ]O]+%0/320)-5%.1%!"Hb%



!"H$%]O]+%8-)6%E&O[%



•! P-;)0%0/320)-5%.1%!"H$%



U'1%N(0F1Y6%G0,'F6%MF')-%g>G%)*-%<'(;5h6%-)*./0;%

6)0150(56%G0.;%)'%(.6-%<.)*%)*-%05201/-6%'G%'F(%

)-/*1';'8./0;%(-2';F3'1J%)*-%<'(;5%<.;;%8'%)'%*-;;i%

[-(1*-(%2'1%N(0F1%6--1%*-(-%0)%)*-%EEL=%:-0(6%0j-(%*.6%

6F((-15-(%)'%)*-%+,-(./01%##)*%>1G01)(:%P.2.6.'1%.1%)*-%

N020(.01%+;96B%X-%015%*.6%)-0,%'G%('/7-)%6/.-136)6%

*-;9-5%5-6.81%)*-%R-56)'1-%R'/7-)%a18.1-%G'(%DBEB%+(,:%

>1)-;;.8-1/-%W%9(.'(%)'%*.6%.12';2-,-1)%<.)*%)*-%&03'10;%

+-('10F3/6%f%E90/-%+5,.1.6)(03'1%?&+E+A%%%



Q-0(6%K-G'(-%2'1%N(0F1Y6%

-k'()6%015%

0/*.-2-,-1)6%+,-(./01%

\*:6./.6)%R'K-()%XB%

Z'550(5%<06%;0F1/*.18%

('/7-)6%6.1/-%)*-%!"lI6%

015%<'F;5%'j-1%(-/-.2-%

9*'1-%/0;;6%015%;-m-(6%

G(',%U'1%N(0F1%067.18%

*.6%052./-%W%0)%)*-%3,-%

Z-(,01:%<06%0;;.-5%<.)*%

+,-(./0B%[-%0;6'%*02-%

)'%(-,-,K-(%]*.10%<.)*%

)*-.(%.1)('5F/3'1%'G%

8F19'<5-(J%'1-%/'F;5%

60:%-0(;:%4(-<'(76%<-(-%

)*-%4(6)%F6-6%'G%)*-%

R'/7-)%a18.1-%P-6.81B%



•! +.(%L'(/-%\;01)%H$%<06%
;-06-5%)'%&+E+%.1%)*-%!"bIY6%
)'%6F99'()%)*-%+9';;'%
\('8(0,B%

•! C*-%+.(%L'(/-%G'(,0;;:%
C(016G-((-5%+Ra+%>>%'G%)*-%
EEL=%)'%&+E+%.1%!"$`%015%
)*-%=O@%\;01)%.1%+Ra+%>%.1%
!"$e%

[a=]OSa%+;;-1%a;;.'m%G(',%)*-%&03'10;%+-('10F3/6%015%E90/-%+5,.1.6)(03'1%



='/03'1%S09%

P-;)0%

N(02'%

+;G0%

]'/0%



='/03'1%<*-(-%01%-18.1-%

<'F;5%K-%,'F1)-5%

L;0,-%NF/7-)%

LF-;%(F1%)0176%?=O@%f%

=.MF.5%X:5('8-1A%



+;G0%C-6)%+(-0%

•!Alfa Test Stand No. 1 

–!Atlas B-1 Engine R&D (1955) 

–!Atlas B-2 Engine R&D (1955 - 1956) 

–!Atlas B-3 Engine R&D (1956) 

–!Atlas C-1 Engine R&D and Acceptance 

(1957) 

–!Atlas Booster Engine (1969 - 1981) 

–!Atlas Sustainer Engine (1970 - 1981) 

–!Atlas MA-5 Engine (1982 - 2000)  

•!  Alfa Test Stand No. 2 

–!Navajo G-38 Engine (1956 – 1957)  

•!  Alfa Test Stand No. 3 

–!Thor MB-182 (1955 - 1958) 

–!Thor MB-3 (1955 - 1958) 

–!Atlas S-4 Engine R&D (1956 - 

1957) 

–! Jupiter (1957) 

–!Thor MB-3-1 and Thor MB-3-2 

(1958 - 1963) 

–!Thor MB-3-3 (1969 -1979) 

–!Delta RS-27 (1972 - 1983) 

–!Delta RS-27A (1987 - 2006) 









N(02'%C-6)%+(-0%?/'1Y)A%

•! !"#$%&'()*&+*#,-&.%/&01&
–! %+);06%!`Hc%C*(F6)%]*0,K-(%?!"Hb%n%!"H$A%

–! %+);06%!HIc%C*(F6)%]*0,K-(%?!"Hb%n%!"H$A%

–! %aW!%C*(F6)%]*0,K-(%?!"Hb%n%!"H"A%

–! %LW!%a18.1-%C*(F6)%]*0,K-(%?!"bI6A%

–! %LW!%a18.1-%Z06B%Z-1B%?!"bI6A%%%

•! %!"#$%&'()*&+*#,-&.%/&0!&
–! %+);06%!HIc%C*(F6)%]*0,K-(%?!"H$A%

–! %+);06%C*(F6)%]*0,K-(%?!"b`%n%!"b#A%

–! %LW!%]',9'1-1)%C-6318%?!"bH%n%oA%%

•! %!"#$%&'()*&+*#,-&.%/&02&
–! %LW!%X-0)%ap/*018-(%?!"bI6A%

•! %!"#$%&'()*&+*#,-&.%/&03&
–! %+);06%f%P-;)0%U-(1.-(%a18B%+//-9)B%?!"bI6%n%lIIHA%



N(02'%C-6)%+(-0%?/'1Y)A%

•! !"#$%&'()*&+*#,-&.%/&4&
–! %+);06%NWl]%a18.1-%?!"Hb%n%!"H$A%

–! %+);06%NW`%a18.1-q\LRC%?!"H$A%

–! %+);06%]W!%a18.1-qRfP%?!"H$A%

–! %+);06%S+W!%a18.1-q+//-9)01/-%?!"H$A%

•! %!"#$%&'()*&+*#,-&.%/&41&
–! %LW!%CF(K'9F,9%?!"bI6A%

•! %!"#$%&'()*&+*#,-&.%/&4!&
–! %LW!%CF(K'9F,9%?!"bI6A%

–! %+);06%EF6)0.1-(%CW9F,9%C-6318%?!"bI6%n%lIIHA%

•! %!"#$%&'()*&+*#,-&.%/&42&
–! %LW!%CF(K'9F,9%?!"bI6A%

–! %+);06%N''6)-(%f%P-;)0%CW9F,9%C-6318%?!"bI6%n%lIIHA%





]'/0%C-6)%+(-0%

•! ]'/0%C-6)%E)015%&'B%!%?O;5Ar%
–! %+);06%NW`+%a18.1-qRfP%?!"Hb%n%!"H$A%

–! %+);06%]W!%a18.1-qRfP%?!"Hb%n%!"H$A%

•! %]'/0%C-6)%E)015%&'B%!%?&-<A%
–! %E0)F(1WU%_Wl%a18.1-%];F6)-(%?!"b#%n%;0)-%!"bI6A%

–! %E90/-%E*Fm;-%S0.1%a18.1-%?EESaA%]',9'1-1)%P-2-;'9,-1)%?!"$lo%n%
!"$eoA%%

–! %EESa%RfP%015%CW\F,9%+//-9)B%?!"$e%n%!"eeA%

•! %%]'/0%C-6)%E)015%&'B%l%
–! %+);06%NW`+%a18.1-qRfP%?!"Hb%n%!"H$A%

–! %+);06%]W!%a18.1-qRfP%?!"Hb%n%!"H$A%



]'/0%C-6)%+(-0%?/'1Y)A%

•! %%]'/0%C-6)%E)015%&'B%`%
–! %&020^'%@ZW`e%a18.1-%?!"HbW!"H$A%

–! %+);06%a18.1-qX')%a12B%C-6)%?=0)-%!"HI6A%

•! %]'/0%C-6)%E)015%&'B%#%
–! %E0)F(1WU%l15WE)08-%U-*./;-%C-6318%?!"b#%n%!"b#A%

–! %EESa%]',9'1-1)%P-2-;'9,-1)%?!"$lo%n%!"$HoA%









•! 3(5*#&'()*&+*#,-&.%/&01&
–! %_F9.)-(%a18.1-%?!"bI%n%!"b`A%

–! %_Wl%a18.1-%?!"bI%n%oA%

•! %3(5*#&'()*&+*#,-&.%/&0!&
–! %_F9.)-(%a18.1-%?!"b!%n%!"b`A%
–! %_Wl%a18.1-%?!"bI%n%oA%

•! %3(5*#&'()*&+*#,-&.%/&41&
–! %@W!%a18.1-qRfP%?!"He%n%

!"b!A%
–! %aW!%a18.1-qRfP%?!"He%n%

!"bIA%
–! %@W#%a18.1-qRfP%?!"bIA%

–! %_Wl%%a18.1-%?!"bI%n%oA%
–! %=.1-0(%+-('69.7-%?!"$IA%

s! 3(5*#&'()*&+*#,-&.%/&4!&
n! %_Wl%a18.1-%?!"bI%n%oA%

s! %3(5*#&'()*&+*#,-&.%/&6&
n! %=01/-%?!"bl%n%oA%

s! %3(5*#&'()*&+*#,-&.%/&62&
n! %+);06%bIc%C*(F6)%]*0,K-(%n%

RfP%?!"H$A%

P-;)0%C-6)%+(-0%







&+E+Y6%]',,.),-1)6%

&+E+%.6%/',,.m-5%)'%9(')-/318%9FK;./%*-0;)*%015%)*-%%

-12.('1,-1)B%

[-%)07-%'F(%'K;.803'16%6-(.'F6;:%)'%(-69-/)%015%,0108-%

/F;)F(0;%(-6'F(/-6%'1%'F(%;0156B%

[-%0(-%/',,.m-5%)'%<'(7.18J%06%%

90()1-(6J%<.)*%;'/0;%(-6.5-1)6%%

015%)*-.(%-p9-()6B%

!"#$%&'()"$*%+"$%,-'(



+;;-1%a;;.'m%

&+E+%\('^-/)%S0108-(%G'(%EEL=%

?lHbA%H##WIbbl%

0;;-1B-;;.'mt1060B8'2%

S-((.;--%L-;;'<6%

&+E+%S0108-(%G'(%]',,F1.):%>12';2-,-1)%

?e!eA%`"`WI$H#%

,G-;;'<6t1060B8'2%

]'1)0/)%>1G'(,03'1%



+6.5-%G(',%)*-%=0(8-%R'/7-)%

a18.1-6%):9./0;;:%6--1%0)%]O]+J%

Pa=C+J%+=L+%f%NR+UO%)*-%+\CL%

?+5201/-5%\('9F;6.'1%C-6)%

L0/.;.):A%<06%5-6.81-5%G'(%6,0;;-(%

+u)F5-%+5^F6318%a18.1-6%



a0/*%E)015%0)%)*-%+\CL%<06%8.2-1%0%10,-J%=.,0J%

S.7-J%U./)'(J%&01%0,'18%')*-(6B%%



ap'3/%LF-;6%<-(-%)-6)-5%0;'18%

<.)*%)*-%6)0150(5%,.p)F(-6%

015%9(-/0F3'16%<-(-%)07-1%

6-(.'F6;:B%



C*-%N'-.18%

]'B%

Z(0/.'F6;:%

P'10)-5%)*.6%

6.81%)'%+]Sa%

+%(-;./%G(',%

)*-%1'<%

5-,';.6*-5%

+\CL%



C*-(-%<-(-%6-2-(0;%')*-(%R'/7-)%a18.1-%015%+u)F5-%]',9'1-1)%

)-6318%0(-06%0)%)*-%EEL=B%O1-%-p0,9;-%<'F;5%K-%%)*-%E:6)-,6%C-6)%

=0K'(0)'(:%?EC=%>UA%+c+%]C=%>U%?]',9'1-1)6%C-6)%=0K'(0)'(:A%.1%!"eH%



•! C*-%=06)%R'/7-)%a18.1-%
C-6)%0)%)*-%E01)0%
EF6010%L.-;5%
=0K'(0)'(:%<06%0)%
+=L+%S0(/*%`(5%lIIbB%



•! [.)*%)*-%0,'F1)%'G%)-6318%015%C]a%F6-%'2-(%)*-%

;06)%bI%6',-%:-0(6%<-%*02-%)'%)*.17%0K'F)%)*-%

.,90/)6%015%*'<%<-%/01%a16F(-%0%\('9-(%];-01F9%





•! C]a%5.6/'131F-5%D6-5%.1%!""#%%

•! C]+%F6-%a;.,.10)-5%.1%!""b%



CXa%a&P%


