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ABSTRACT 

The purpose of this report is to present an investigation ts 
determine the most feasible, practical and economical method of trans- 
porting the JUNO 17 thrust unit. This includes the first phase of 
transporting between Fabrication Laboratory, Systems Analysis and 
Reliability Laboratory and to the test stand, as well as the later 
phases, onto the Redstone Arsenal loading docks and from there down the 
Tennessee, Ohio and Mississippi Rivers to Atlantic Missile Range, 
Florida . 

I 

Three transportation methods have been considered for the clustered 
thrust unit and are as follows: 

A .  Use presenely designed REDSTONE and JUPITER transporters. 
This method would req;ire disassembly of the thrust unit. 

B. Use a large, specially designed transporter which would be 
capable of handling the assembled thrust unit from its early 
manufacturing stages throdgh all phases of testing, checkout, and 
finally to the firing site. 

C .  Use a specially designed mammoth "barc type" amphibious vessel 
which would transport the assen.oled thrust unit £rom final checkout to 
the firing site. 

Studies made to date, with emphasis given to cost, design and 
manufacturing lead time, and the fact that the assembled clustered 
version of the JUNO V thrust unit will be initially used, indicate 
that Method B should be employed as the transportation means. Some 
mandantory alterations to the Redstone Arsenal roads, utilities and 
bridges and possibly d,~ck site modifications will be required. 

Flat deck barges would be employed for river transportation between 
Redstone Arsenal dock site and the point where accomodations will be 
made for the ocean phase of the shipment. 

iii 
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SECT ION I. INTRODUCTION 

Previously, in handling the REDSTONE and JUPITZR thrust units, 
specially designed transporters were used Definite transportation 
requirements necessitated that these transporters bave adjustable 
height and/or rear axle steering as well as minimum weight to facili- 
tate air movement. Present study has been limited by the amount of 
available information on the exact configuration of the missile, As to 
date, proposals have simplv been based on word of mouth, preliminary 
drawings and "guess timat.esI1 

Experience gained in pteliminaty desig~ and developnient of the 
REDSTONE nnd JUPITER transporters has enabled the proposals to progress 
to the state where certain basic fu~damentals such as desired steering 
and suspension characteristics can be visualized. 

The choice of actual transportation vethod greatly affects the 
overall ecorlomy of the proposed program. Three approaches to the 
transportation means will be considered in this report, with narticular 
emphasis given to simplicity of design, economy, effect on missile 
reliability and utilization of existing off-the-shelf assemblies 

The selected transportation method of the JUNO V thrust unit will 
affect the overall missile logistics, the modification of road and dock 
fecilities at RSA, as well as a possible future design of a special 
barge and certain harbor features at Port Canaveral. It is felt that a 
realistic and practical approach must be maintained if the JUNO V program 
is to be contained within its monetary limitations. 

SECTION 11. DI'SCUSSIC1N 

The following discussion will attempt to point out the known merits 
and hinderances of each of the proposed methods of transporting the 
ciustered thrust unit. 

A, Method A: Shipment. of t5e  Di.sassembled Thrust. Unit 

During the initial consideration of a transportation scheme 
for the JUNO V, the prcposal was made to use existing designed trans- 
porters for the JUPITER and RCDSTONE diarnet er tavkage (Fig. 1) . Several 
points of merit for this approach are immediatelv apparent. 

1. The design presently exists 
2. Engineering and manufacturing lead times would be considerably 

shortened as the required modifications would be of a somewhat minor 
nature. 

3. Very little R&D and proof testing would be necessary as these 
designs have been proved. 

SECRET 



4 It 1s possible to utilize the exlsting air transportation 
chntzcterlstics of these transporters, *'-us, simplifing and lessening . 
the transport at ion t m e  

The following points a-e to be considered: 

1 Present cost of existing tacrical REPSTONE 'brust unit trans- 
porter is $20,500 or $164,090 for eight Th.e tactical JUPITER t5rust 
unit transporters are S175,000 ear'?. T\e total cost of transporters 
(tactical version! to ship a Ji sassembled JI'KO v boost t: assembly will 
approach $399,000, including th.e mod1 f lca* ion cosr s. 

2 However, these figures can be copside, ablv rcduced if the 
available RbD prototype transpor'irs, boy5 REDSTONE avd IPPITER, are 
r?loyed. Shuttle shipments o f  the EEDSfONE transport -.r will reduce 
the ntrber of transporters at no appreciable increase in transportation 
cost. In-house modification cost should no! exceed $30,000. 

3. T\e disassembled versibns dill require eleven C-124 air ship- 
ments to transport a single J W O  V bocsttr assembly. This will 
accmodate t?e movement of the* nine tank sect ions TJO planes will 
be required for air shipment c f  the scgmenred thrust ring e~gine 
manifold The air transpor?ati,o~ per flight is estimated a* $10,000 
ecch or a total of $110,000 per lLT&O V bcostr- assenibly. 

4 Overall missile reliabilitv suffers ronsiderablv upon disassembly 
of the thrust unit into 1:s ctmponep* REDSTONE and JUPITER tankages. 

5. Additional assembly jigs and facilities will be requited for 
reassembly and checkout at both RSA rest stand and at Atlancic Missile 
Range ( M B )  firing site 

6. If aircraft trapspottation is utillzrd it is est~mated that . 

the total cost for the first movement w ~ l l  be approximately $150,000 
when employing shuttle shipments of a REDSTOFE pro'ot vpe transporter. 
(This does not include the cost' of add; t ional assembly i ? g s  and for 
their transportation! 

Pfethod B: Shipment of a Fullv Assembled Clustered Thrust Unit B* - 
A large transporter to carry  the assembled thrust unit frirm 

the early stages of manufacturing and assrmbly througt all phases of 
checkcut and testing, includ~ng rnad v-ovement to the firing sire, would 
have ?he following features: 

1. Utilization of Fabrication Laboratory's assembly jigs as the 
main forward and aft missile supports. 

2 .  These assgnbly jigs would be interconnected dur~ng the tra:ss- 
portation phase by two removeable side +russes 

3 .  Both front ana rear axles vould ba capable of braking and 
independent steering. These axles would be p-ovided as a major ae:embly ' 

which could readily be attached t a  *he lg~or porrion of the Fabrication 
Laboratory's assembly jigs (Fig. i* A, a transpor'er, i t  would be 
pulled by an aircraft tug conpected to a f.?r.~ard ?ow bar, In an effort 
to provide t.he required strering in a simple and teadilv available 



manner, an M-52 tractor with a front mounted pintle hoolc could provfZe 
the steering power necessary to the rear ~ x l e  The Ti-52 w~uld bc 
connected to the axle by a telescopic towing, bar, ~hich \:auld enable 
the vehicle to supply steering eifort and yet impose no forward thrust 
into the transporter. This telescopic feature woald tend to attenuate 
the transfer of any undesirable longitudinal torques i n t ~  the rear 
support during steering, (See Figure 3) 

The transporter in utilizing rhe forward and aft assembly jigs r 

rould virtually eliminate excessive torque from being projected about 

1.: ., --- L longitudinal centerline into the thrust unit. These jigs will be so 
'constructed chat the thrust unit can be rotated about the longitudinal 

.j axis during manufacture, through use of the aft end assably r i n ~  .rZ~fch 

> ! \  
is attached to the fuel and propellant tank thrust frrzie and the for::-?rd 
end assembly collar attached to the inner JUPITER diexetcr tank. Since 

j a cylindrical tank is a very rigid torsional member and the transporter 
is less rigid torsionally, the transporter will deflect more torsionally 
during transportation than the missile. It is therefore very desirable 
to utilize this swiveling effect by not fastening the missile rigidly 

i 
I 

to the transporter. However, the  missile would be rigidly restrained 
vertically to the transporter but not rotationally. This can be 
accomplished by a metal band installed over the assmbly collar and 
attached to the forward assembly jig. The forward assably collar would 

)- 1 
allow a ptedetemined anount of lon~itudinal "play" to prevent the 

l i  possibility of undesirable loads, The pri~~cipal longitudinal restraint 
. ,:/' 

-/ 
would be derived by,securing the rear assembly ring into its assembly 
J is 

The suspension system attacv,ing under the assembly jig, would con- 
1 

i sist principally of a "walking" beam supported by tandem aircraft tires. 
It is felt that a more elaborate suspension is not required, as this 
transporter will only be moved at walking speeds or a maximum of three 
to five miles per hour over known and selected routes. 

The following are the desirable merits of shipping by this met.hod: 

1. Reliability of the thrust unit is considerably enhanced by 
transporting as an assembled unit. 

2. Assembly difficulties at RSA test stand and AMR firing site 
are con~iderably ledsened 

3, It is possible to utilize in-house design labor and manufactur- 
ing facilities wit5in ABMA, which would c~nsiderably decrease liaison 
time This work could be phased in as tk JUPITER project approaches 
the descending slope of required work 

4. The overall cost of developing and manufacturin~ the axle 
assemblies for the JUNO V thrust unit (clustered version) are estimated 
not to exceed $30,000 per unit 

5. From available informat ion, the transport at ion cost per ttjrust 
unit wul'd approach $40,000 This cost includes the transportation 
phase from the Redstone docks to Port Canaveral and onto the firing site. 
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The total estimated cost of a transporter, including assembly jig, is 
$130,000 This brings the overall transportation cost for the first 
movement to $170,000. 

The following statements are considered negative points when 
shipping the thrust unit by t\is method. 

1 Certain road and utility modifications would be required 
within the limits of RSA and also some minor modifications would be 
required at AMR. 

2. It is estimated that the total modifications within RSA only 
would not exceed $30,000, if t5e existing bridge on Dodd Road can be 
utilized liithout further modifications. This bridge at present has a 
weight limitation of 12,000 pounds per axle load and a gross load limit 
of 65 t.0n.s Shoring of t.his bridge to facilitate a few molVements has 
been estimated to cost $15,000. A permanent bridge capable of carrying 
the loaded transporter is estimated to cost. $105,000 (See Figure 4). 

SECTION I1 I . PROCEDURE 

The following are steps in the sequence of assembly and transpor~ 
tation between Fabrication Laborat.org, Systems Analysis and Reliability 
Laboratory (SA&R), test stand and finally to AMR: 

A. Fabrication Laboratory, Bldg L705, to S A M ,  Bldg. 4708: 

1. 
height. 

2. ' 
3. 
4. 
5. 
6 ., 
7. 
8 
9. 

Attach truss frame bet-ween assembly jig and elevate to proper 

Attached axle assemblies 
Lower and disconnect Fabrication Laboratory floor jacks. 
Maneuver and at tach towing and s?  eer ins vehicles. 
Tow to Building 4708 
Maneuver to desired locat ion 
Posit ion and elevate SA&R floor jacks. 
Remove axle assemblies 
Remove towing and st-eerlng vehicles 

Tt is estimated that the handling and transporting between Bldg. 
4705 and 4708 could be accomplished in approximately four hours with a 
handling crew of six men, u:ilizing an aircraft towing tractor and a 
5-ton M-52 tractot with a front mounted pintle hook t.o steer the rear 
axles. 

B. SAhR, Bldg. 6732 to the Tes+ Stand: 

1. Attach axles to properly elevated asscmbly jigs. 
2 Maneuver and attach towing and steering vehicles. 
3. Lower and disconnect S&R floor jacks. 
4 Tow from Bldt; 4708 over proposed road to west extension of 

Martin Road and then south on Dodd Road to test stand access road. 
(See Figure 1). 



5 .  Tow to test stand a d  pokit.ion for removal by test stand crew. 

Five hours is estimated to perform this movement and would require 
a working crew of six men, utilizing an aircraft towing tractor and an 
M-52. 

Road modificat ions to accvmpl ish tL.is phase of transportat ion 
would cost approximately $20,000. 

C. From Test Stand to SA&R, Bldg 1708: 

This is the reversal of S t e p  B 

D. From SA&k, Bldg. 1708 to RSA Lcadina Dock: 

After missile has been cleaned, serviced and reinspected by 
SA&R, missile preservation and protective covers would be applied to 

' -I  

properly desiccate and vent the missile tanks to prevent damage during 
the water phase of the transportation 

h 

1. From Bldg. 4708, proceod over proposed road to extension of 
Martin Road and scath on Dodd over modified bridge to intersection of 
Shield Road and then south to RSA river docks. 

2. Move gantry crane to the west end of dock, position transporter, 
follow by 40-ton mobile truck crane and rig transporter for hoisting. 

3 .  Hoist transporter to previously positioned r Lver barge. 
Cecure transporter to barge. 

4. Place and attach rigid rn2tal covering over loaded barge, 
(See Fig. 5 ) .  

i 
1 It is estimated that a crew of s i x  men would be required during 

the road phase of this transportation and a@ additional crew of 10 men 
during the hoisting and loadi~g operatiop. I t  is est.imat ed that this 
task could be accomplished in one day. 

E, From RSA to Po: t N-w Orleans via Ter-nessee, O\io and 
Mississippi Xivers; 

1. Position and secure river tug to bargs and proceed to Port 
New or lean^, where Navy dock facilit irs ar* available. (See Figure 6). 

2 .  The time required would be a maximum of twelve to thirteen 
days. The cost of river tra~sportation is approximately $20,000. 

\ 

F. From Per:. Few Orleans tc. 4. 

1. A t  t'le Port of New Orleans, sev-ral approaches are being 
investigated to effect. the ocean and/or intercoastal movement to AMR. 
Theae approaches are: 
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a Use o c e a n - g o i n g  b a r g -  and p i c k  up c c e a n . g o i n g  power t u g  
a t  N e w  O r l e a n s  and p r o c e e d  * s  AMR by ~ l ' h f r  the  l n t s r c o a s t a l  r o u t e  o r  
t h e  open r a t e r  r o u t e .  

b .  Use l a n d i n g  s h i p  ' ank t LS? o r  beat% d i s c h a r g e  l i g h t e r  
(BDL) , ! r a n s f e r  m i s s i l e  on t r a p s p o r  1 - r  f rcm r i v e r  b a r g ~  t o  the d e c k  o f  
e i t h e r  o f  t h e s e  v e s s e l s  a t  Keu O r l i a r s  and p r o c e e d  o p s ~  w a t e r  r o u t e  to  
Am. 

c .  Use a l a n d i n g  skilo dock (LSD\ a t  New O r l e a n s  which  w i l l  
t a k e  r i v e r  b a r g e  w i ' h  m i s s i l e  on t r a n s p o r t e r  a b o a r d  and t r a n s p o r t  t h e s e  
t o  P o r t  C a n a v ~ r a l  where t \ e  b z r g e  x i 1 1  be o u t  - f l o a t e d  and  towed to  
dock.  

2 T h e  LSD o f f e r s  the  beg t - -  p r o t  - c t  i r n  f.011 harmful o n v i r o n m e n t s  
and s h i p p i n g  c h a r a c t e r i s t i c s  and wt 11  b t  c o n s i d - r e d  r h e  meehod f o r  * h i s  
p h a s e  o f  t h e  mnveTent 

3 .  E s t i m a t e d  maxlnum t i m r  i s  lour t o  f ~ v ?  d a y s  a *  a  c o s t  o f  $20,000. 

From P o r t  Caruav-*a1 f o  P r r - o s e d  I 3 . ~ r - h  S i t e  G - ---- - - -  .. - -,,,- -t -.-- - - - .. - - ,. - 
1 Remove r n i s : ~ l t  and * r a n s p c . -  - -  w t : h  rxisvirg g a p t r y  c r a r e  a n d  

LO-ton m i s s i l e  t r u c k  c:anp :o  ~ r a d ~ a y  
2 .  At:ach a i r c r a f t  towing  r r s r t o r  t o  * r d n s o o r t e r  and  M-52 w i t h  

f r o n t  mounted p i n r l e  hook t o  : - a p  s t - - r i n g  a r d  p r c c o e d  t o  p - o p o s e d  . 
l a u n c h  s i t e .  

3 .  I t  i s  r e q u i r e d  rha- m o d i f i c a t ~ n n s  b r  p a d ?  t o  r x i s t i n g  o v e r 3 e a d  
e l e c t r i c a l  l i n e s  and o n r  gar?way  b e t w ? n  * h e  POT* C a p a v e r a l  dock a n d  
t h e  f i r i n g  s i t e .  T h e  c o s t  o f  t h i s  . I - a r a n r r  w i l l  b s  b o r n e  by P a t r i c k  
A i r  F o r c e  B a s s  Timt r a q u i - t d  t o  r r a : b  l aunch  s i t 2  i s  s l x  h o u r s ,  S ix  
men e x c l u s i v e  of d o r k  b a n d l  i n g  c r r w  would be r e q u i  r t d  

SECTION 1.4 ME'HOU C SH!?bMENT OF TfiE FL'LI-Y ASSFMBLFD '6 ERSION BY 
AMPH r B IAP 

A p r o p c s a l  h a s  brlen mdd- and  1nvt.s. i g s *  rd  a s  -0 '*\t f e a s i b i l i t y  
o f  u s i n g  a  l a r g e  "ba.c" t vpe v r s s y l  ( F i g  7 1  This v ? s s ~ l  was 
i n i t i a l l y  r n v l s l o n e l  t o  be c a p a b l e  o f  n a ~ i g a : i ~ g  hot\ i n l a n d  r i v e r s  
and  . d a t e r d a y s  4 s  w-11 a s  t h r  h ~ g b  s - a s  This v e s s - 1  would receive the 
t h r u s t  u n i t  a t  t h e  F a b r r c a r ~ o n  L d b c r a - q r v  b u i l d i n g  and would t r a n s p o r t  
i t  from r h t r r  tc SA&R, * Q  t e s t  = r a n d  and f i n a l l y  l a u n c h  i t s e l f  
i n t o  t h e  7 e n n e s s e c  R i v e r  and r n  !hrotlgh i n l a n d  r i v - r s  a n d  wate rways  
and f i n a l l y  beach  i r s r l f  a *  AI\IR nnd d e p o s i r  t k c  m i s s i l e  a t  t h e  base o f  
t h e  launching * a b l e  

Th? f o l l o w i n g  J - r  p o l n r s  of c o n b t d - -  rnn ul- r c o n p  -mplat  t n g  thp 
u s e  o f  a  l a r g e  an-ph lb ious  b-l*. ' v p t  v t s - ~ l  

1  A d e s i g n  do-s  no t  p r s s t n r  l v  e x i s t  f o .  su-5 3 vessel 
2. F r o m  p r e l i m i n a r y  c o p ? a c r s  . & 1 f 5  f - -  r f f i r -  of (-5lef of T r a n s -  

p o r t a t i n n ,  tb.e f o l l n w ~ n g  " b a l l  park"  i n f o v m a * i n n  was given 
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a. Development cost of a "Barc" type amphibious vessel would 
be approximately $5,000,000 

b. Estimated dimensions are 110 feet long by a 32-foot beam 
width, with a weight of 690 tons. 

c .  Estimated development time is four years. 

3. This vessel would certainly have to have some type of cradle 
within itself to support the thrust unit. This cradle would, in all 
probability, have to have almost the same features as described for 
the transporter in Method R + 

4 The dimensions and maneuverabi 11.t y of the vessel alone would 
tend to prohibit its entrance into any of the existing buildings with- 
out major modification and would, therefore, require some type of 
transportation means for the thrust unit within the building as well as 
movement to and from the test stand 

5. It i3 furthermore pointed out chat any amphibious vessel is 
oonerally not seaworthy due to its shallow draft and rather awkward " 
steering and propulsion means when afloat. The draft of this vessel 
would be limited to nine feet to be capable of inland waterway trans- 
portaiion on the Tennessee, Ohio and Mississippi Rivers. 

6. Such a vessel on land would require special roads and paths 
which must be preliminarily cleared and prepared. A rather common 
complaint of these vessels is their poor handling characteristics when 
on land and are not normally recommended fcr inland operations greater 
than three to four miles 

SECTION V , CONCLUSlONS AND RECCIMb1F;~DATIONS 

From the aforementioned discussion, i t  is concluded that Method 
B--the utilization of a specially developed transporter which carries 
the thrust unit assembled--should be employed, as this presents the 
most reliable and economical approach. For the transportation method 
and routing, it is iecomm~~deci that routings by roads be prearranged 
and modifications be made to facilitate the road conf~guration both at 
RSA and AMR That the routing Ly water utilize a barge and river tug 
to move the thrust unit on trapsporter to Port New Orleans over the 
river route and there load barge l n t o  LSD to be transported over open 
water to the Port Canaveral docks. It will be necessary at Port 
Canaveral to discharge the barge from the LSD and tow it to the docks 
for unloading operations Once ttLe thrust unit has been discharged 
from the transporter, the transporter may be broken down into four or 
- i x  main sections which allows trar-s-shipment by raii or road back to 
ABW for future deployments 
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