** Pages Missing **

There are four pages (21 through 24) missing from this
document:

Page 21-23: “Mechanical Subsystems”

Page 24: 1V-B-4-1, “Propellant Transfer System”
(fold-out diagram)
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foperation and reused,

The Titan IIA Design requires a spmy ring for the delivery of a’ :
large flcw of water to the silo booster engine area. fcr sound suppression‘ '
during the launch sequence, Thia water will ba doliVered to the gilo

through the present water dist.ribution syatem. Inetallation i‘or the eilo

- will be made. The operation of the system \d.ll be interlocked t.o ths

launch aequence. Yy

The other majorrwater requn'ement tor the '.l‘itan IIA conaists of s
water deluge system to wash down the miaaile and eilo ualla in the évent of
a 'propellant catastrophe. In such an event the quantity o.t‘ wa.t,er required.
would be too large to be drawn from exist’.ing storage facilities. " The
added storage-capacity for-this system will be provided by converting ~
the existing fuel tanks, Distribution to the silovwill: be made through
the existing fuel lines.
Air Conditioning

The present air conditioning units in the -,évﬁuipment, terminal will be-
retained for Titan IIA use with minor reviéiohs. New ducts will be designed
and built to service the new silo configuration. The new duct work will
be connected to the present exhaust ductwork that vents to at.xnosphere
sensors to detect toxic fumes will be required to cba.nge the air conditioning'
system fram normal recycle condition to.purg§ condition, |
Hydraulics

Equipment” terminal hydfdulic pumps will’ be retained‘ai)d used to
supply power to operate the work platforms and the silo door. Present
Titan I hydraulic units will be adapted for reuse with Titan IIA wherever

possible. One example of probable adaptability would be work platform Jacks.
15
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'5;;antenna ailos. Each launcher is 1solated from the" ‘control center-pounrho:

33;area and ‘each other by a blast. Tock which provides personhel protection

1in event of a lsuncher area mishap. Required major structural modificatiqn\';

“is limited to the missile silo structure. These modifications are definé&l .

b.

on figufea 5-2 and 5-3.

'L72 t

Silo Size Criteria - From a'gas dynamics standpoint, satisfactory silo
{operatlon can be obtained for the Titan IIA vehicle in the Tytan I silo”

s‘by ualng a ”U-tube“ arrangement. Launch duct and exhaust duct areas of

2 nd 360~ £t2 respectively will provide a secondary air flow sufficient

'i.for an entrainmﬁnt ratio of approx1mttely 1.4 (Ref. 1). This value was ii*;,

 obtained by assuming the engine exhaust was 56% gaseous and computing the
entrainment ratio considering only the gaseous exhaust as affecting the -
isecondary air flow, Afterburning was considered but/ heat transfer to-the

wall was neglected. Calculations were made assuming a loss coefficient of 2.0.

Transient overpressure due to engine ignitién will range from 6.0 to

.9.5 psig. These overpressures were calculated using a step-furtion input'with

épgine mass-flow rate stepping from zero to steady-state condition (Ref,2).

Gas temperature in the 1oker'portion of the sllo during engine ignition

- will be between engine exit static temperature and engine chamber temperatﬁtg}

vTheréfore, these tempefaturea represent the limiting cases and account for -

the renge indicated for the transient overpreésure. Transient ovarpressurech

were computed considering only the gaseous portion of the exhaust with an

afterburning coefficient of 1.2. The afterburning coefficient gives a

conservative result since only limited afterburning/can occur prier to the

_establishment of secondary air flow water injection was not considered.

1]



S1eo Do
£ Cap

EERSoMAVEL
TUNNEL o

ii e M : LW FUNNEL
j
f

‘

{LauncHER #*/ Cot : — DER SONNEL
s : = i . A;E.‘F/Q:QA‘T;QN C TUNNEL

7 7’7?74& 4
go MPLEX

\\\1A

'-Q_‘:'NE,QAL _MYOUT




’ alumixmm o:d.de parft.iclea in the exhauat.
,-It 1s felt that study item 1) will result in aignificant reduction in
the indicated transient overpressure due to rarefaction waves reflecting
from the ailo opening 1nteracting with compreamlan waves emanating ﬁ-om

"A £

the engim. ‘ Test data from the Titan ITA program will be available to

id:study iten 2 within the next 6 months. e

The moqified silo proviges (Reference Fig. 5-2)3

In-silolﬂg—-o\xb launch 4 4 :
Launch duct area of 1.72 sq. ft. (identical to Tit.an 11)

Exhaust duct area of 360 sq. ft. in an efficient. ity configuration.,

Mequate access and fixed platform areao

. *Op‘timmvrelationship between launch duct and existing utility t\mnel to

| minimize piping, ducting and - cab]ing runsox ‘

Qood access routes for personnel :&eae exiating personnel tunnel and reused
pereormel elevator.

—No impairmnt of the structural integrity of the axiating missile silo.

j . Loca.tion o.f azimuth alignment set within the eilo walls to minimize costs.

1. C ‘N, Tsu "A One-Dimenaional Am.lysis of Ducted Silos and a Method of
e '».-Scaling Model Test Data of Air Entrainment to Full-Scale." Space
" Technology Laboratories, Inc. TR-59-0000-00759. |
2. P. R, Ilgen & R. J. Heyman, "Cold Flow Studies ofv the Aerodynamic
Performzmce of a’ Concentric Silo Launcher for Titan—@iendment 1.0

The Martin Company SR-60-34~Vol. II,

L



. Readily adaptable launch’duct by use ‘of composite’construction (steel -

plate and concfete) allowing easyvattaéhnént of adoustic liner and
5rackete.

. Minimal construction time through prefabrication of steel plétes fbr both
launch and exhaust .ducts. .

. Use of shock isolation system and thrust mount proposed by Titan IIA'

Study Program,

The existing silo requires removal of:
. Silo doors and the silo cap to 12' below grade.

. 411 items within the confines of the silo.

Elast Hazard Criteria - When a Titan IIA missile is placed in a Tit#n 1
silo, the resulting blast hazard to personnel and faéility components is not
considered critical from the structures standpoint. An evaluation of the
TNT equivalent of the propellants of each missile produced the following
results?

The ‘itan I propellants have a TNT equivalent weight of approximately
84,000 1bs., based upon a TNT equivalent of 40f. Results of a Martin Company
test program to determine the TNT equivalent of the Titan IIA propellants
are not yet available., However, preliminary evaluation of test data
indicates a 5 to 102 TNT equivalent. Based upon a 105 TNT equivalent, the
Titan ITA propellants have a TNT equivalent weight of approximately 44,000
lbs. This is approximately 52% of the Titan I TNT equivalent,

The existing blast protection system through the blast doors and blast
locks 1s more than adequate to protect the.launch complex from the blast

hazard of in-silo missile explosion.

Launch S5ilo Door (Reference Fig. 5«3) - The silo door will consist of two

steel plates, 3 inches in thickness aml separated by steel wsbs. The door

\~



mtely hi i‘t-. dimeet.er. When- in plaoe , the door will be 1owered
platee to reeiet the blast .loads. These plates will be plaee;i--_,ﬁ'
periphery of t.he circular opening and embedded in the reinforced -gonare
[ ailo cap. Tie~downe will be provided to prevent vertical movement‘-
door during- blast and shock loadinge. ‘ , _
The door is designed for dyna.mic blast loads, a pea}; overpreaeure '.of
: 100 psi, and groundrahock loads. In addition to these loads,"fb,h door
carries_a'll_'static_loada. L o e _
Continueue sealing of the door, around -t'he outer eege 'will Be. prov ded
- to completely ieolate the missile from the weather, blast pressure, and t

~ muclear fall-out. In addition to the steel in the silo door, non-reinforced

concrete will be placed over the launch duct area for nuclear radiation

' 'protection. Thie concrete can be placed in the void between the ateel,_l;latea;'
in the,silo door. ' ' L
The door will be mounted on four sets of wheel trucksiplececi ‘lexir“iié'et
- treated crane rails for mobilityi The door is lowered by means of hydraulic
jaeke placed under a eect.ion of the rails., When the door is in pla.ce and
sealed the blast loads will be transmitted to the bearing plates only The
front edge of the silo door will be equipped with a plow-edge for remova.l
of the debris on the truck raile andthe area in front of the door.; ‘I‘he '
drive mechanism for Opening and closing the silo door will coneiet of a wire
cable eystem and lwdraulic motors scmewhat similar to that of the Titan II
I.aunch Silo door system, Buffere at the ends of the cantilevered ra.ils a.xxi
on the back edge of the door jam will help cushion the door when opening
_and closing.~These buffers are also similar to.those used.on the Titan II_

| complex,

31
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The door design is based on structural grade steel for the plates and
webs in the door, 3,750 psi concrete for bearing, and static analysis with
the use of a dynamic load factor. The door is considered as a flat circular
plaﬁé simply supported on the outer edge. The webs provide lateral stability
and carry ‘the“shear in the door. "The cantilevered rails' are 4n integral
part of the concrete silo cap to insure against differential displacements
of the silo and rails due to the blast loadings.

The silo door (Reference Fig. 5-3) provides:

. Use of proven construction and operation methods.
. Reactien time equal to ihat of Titan II.
. Use of existing hydraulic power source.

. Maintenance of facility hardness.

S1lo Structural Modifications (Reference Fig. 5-2)

1. Tearout - In order to accommodate a Titan IIA missile in a Titan I
8ilo, it will be necessary to completely remova all of the struétures
and equipment contained inside the silo. The present silo doors
must also be removed in order to &ccommodate the in-silo launch concept.,
A new door configuration will require the removal of the top 12' - O"
of the existing silo structure,

2, New Construction - Major items to be constructed and/or installed in
the Titan I silo include the following:

(a) The silo cap - will be a reinforced concrete structure attached to
the existing silo walls, It is 40' I.D, with walls approximately

7' - 6" thick at the intersection with the existing silo, It

References:
"Ultimate Strength Design of Reinforced Concrete™, No. 53=25, Whitney & Cohen

"Advanced Strength of Materials," Don Hartog, McGraw-Hill Book Co.,

Technical Documentary Report No. AFSWC-TDR-62-138. 33



(3)

(L)

(5)

(6)

- extends 12'-0" upward to form the new door, At the top, the cap

is 64'-0" x 62% - 9" with 32' - Q" lohg cantilever beams to support

"~ the door in the open position,

The Launch Duct - will be a composite eteel-concrete_structux‘, It
1826 = 6" I.D, with 1‘-0" walls. and.is 128'-0"+<long, ' The -walls
are faced with g" steel plates on either side. The steel plates
eliminate the need for concrete forms, allow easy application

of required anchors, and can be prefabricated to minimize install-
ation time, The launch duct is located "pff-center" in the existing
silo and is anchored to the walls on one side. 1In addition a
reinforced concrete beam is provided for support at the base,

Steel folding platforms are located on the inner wall at each
of the six work levels., Access doors are provided to permit
passage through the launch duct at each.work level., Steel brackets
are located on the inner wall to provide attachment points for the
missile shock ‘isolation system,

The Exhaust Duct - utilizes most 6f:the remaining space between

the exterior of the launch duct and the existing silo, Steel plates
are used to complete the exhaust duct envelope. They are designed
to contain the exhaust gases and are flexible so as to not restrain
the existing silo walk from deflecting when subject to an exterior
pressure,

The Flame Deflector - will be a reinforced concrete structure
placed in the bottom of the existing silo. It is anchored to the
base and walls of the silo and formed to direct the exhaust gases
upward into the exhaust duct.

Work-Platforms" --Steel work-platforfis will be installed in the

area outside the launch and exhaust ducts to provide access to

the six work levels,
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(7) Personnel Elevator - The personnel elevator and assoqiatod:eqniﬁlgf.

ment, removed from the Titan I crib structure, will be inatalled"f

using hew supports anchored to the existing silo walls., The
elevator provides access from the personnel tunnel to the six work
levels,

(8) Collimator Pedestal - The collimator pedestal will be areinforced
concrete structure anchored to the inside of the existing silo
walls., It will provide a vibration free support for the auto-
collimator,

Shock Isolation System (SIS) - The SIS will be identical in concept with
the Titan II (AFOL(647)-612,746) SIS except that the dampers will not be
required., The load carrying capability will have to be increased over that
of the Titan II SIS due to the increased missile weight, System parametera'
were chosen so that the feasibility of the system with respect to stability
and loadé could be examined.

The resulting systém had & longitudinal frequency-of-0,88 cps, and
pendulum and pitch frequencies of 0,07 and 0.26 cps. The ground shock

spectra used were the 100 psi overpressure curves from Ground Shock Criteria

for Atlas, Titan, and iinuteman by Dr. B. Sussholz, STL Memorandum GM-60-

0000-12196, 8 April 1960 (Secret). The loads were calculated assuming

the missile was a rigid body, but this approximation was proven to be valid
for the Titan II missile. The loads resulted in a load factor of 1.8‘
gravities at the tailskirt which is less than the planned design allowable.
For an optimum system this load factor could bé reduced. For stability it
was decided to use vertical springs such that the resulting rotary spring
constant was 1.5 times greater than the destabilizing moment. The Yitan I
SIS presently in-the-silo will not satisfy the necessary eriteria and must

be removed for exhaust duct space requirements.

o



g.

A'?he Titan IIA SIS now being developed undef Martin study contract
is identical in concept with the Titan II (SM-68B) SIS except that
dampers are not required. Thus this SIS does meet the necessary require-
ments and will be used in the Titan I silo,
Acoustic/ Considerations for Titan IIA|in a"Titan,T Silo -During.a|silo
launch, some portions of the missile may be exposed to acoustic levels that
exceed the above ground or flight environments. Two exceptions might be
the nose cone and the second stage engine compartment. The increase in
the excitation amplitude in these two compartments on Titan IIA, however,
should be comparable to the increase in the Titan IIA silo acoustic
envirorments as compcred to Titan II, This discussion, therefore, will be
concerned with the in-silo envirorments.

The acoustic power level of the Titan IIA was found to be approximately
204.5 db or 1,5 db higher than would be calculated for Titan II. The
acoustic intensity within the Titan IIA silo can also be compared to the
Titan/1II silo by.consideration/of the cross-sectional areas. The spec?;;;e
were found by osmparing the Titan IIA and Titan II Strouhal numbers

—h to 6.06 x lO—A). Thus, the in-silo rocket engine noise

(5.95 x 10
environment for Titan IIA would be approximately 2.5 db higher than Titan II,
The sound pressure level at the top and bottom of the missile can then be
determined by scaling Titan II data as shown in the attached figure. The
levels, as shown, are the maximum that would be seen at any time during the
flight out of the silo, The Titan IIA components can survive these acoustic
excitation environments and no testing will be required.

Some effort, however, will be required on the gcoustically induced
vibration environments. If the Titan IIA vehicle structure is assumed to
be’ similar to the-Titan (II, the structural transfer/functlon remains-relatively

constant and the vibration amplitude increases linearily with the sound

pressure level (for small amplitude changes). One exception may occur in
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;he'abovn silo noise field where the spatial distribution of aﬁoﬁ;iié
energy will differ from that of Titan II, This change should be emall and.
may possibly lower the vibration levels on some components, Thus, tﬁe
vibration amplitudes for Titan IIA should be within.B db of the Titan II
vibration specifications..__The\results of vibration tests have indicated
that these componenté would'survive an environment 3 db higher.

Because of the similarity of components, it is assumed that no
significant vibration problems will occur on Titan IIA and that a limited
amount of testing will be required. Acoustic liner will be required in
both the eihaust duct and launch duct. The specifications will be similar
to Titan II except that perforated steel plate will be used as a facing'

material,

1) W. Butler: "aAcoustic and Vibration Measurements from the SLTF Program"

MI-61-47, November 1961, Martin Report-Confidential.

2) R. Loya, et.al., "Scale-Model Test of Silo-Type Ducted Launcher Vol, II.

Feasibility and Desijn Criteria," AFBMD-TR-60-39 (II), April 1960, Conf.

3) "Acoustical Invironment Associated with Silo Launch of a Full-chle

Minuteman," Bolt, Beranek and Newman Inc., Rept. No. 716, MI-A-61-1000,
November, 196C, Confidential,

L) "Measurements of Acoustical Opectra in the 1/3 Scale Minuteman Silo",

Bolt, Beranek and Newman Rept. No. 705, AI 60-13093, 11 May 1960-Conf.

5) 'F.. M. Condos, 'et.al{, Silo/Launch Technical Investipations [Final Report,

Vol. I thru IV, CR-60-22, November 1960.

£) R, Peverley and H. N, McGregor; Above-Gilo Acoustic Measurements, Vo-1

Captive SLTF. Martin-Denver Internal Report.
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"Logistice -~ The cost of logistic support, maintenance, training, spare

parts, tedhnical manuals, tools and test equipment of the Titan IIA will

be significantly reduced due to the following design features.

The above design features would indicate a savings in logistic support

costs of 25% /over Titan I, Large additional- savings in logistiec.costs may-be

realized through the simplification of the Titan I powerhouse systems via an

up-date program proposed in the text.

a,

Organization Maintenance of Titan IIA in the Titan I Complex (Reference
Fig. 6=1) - Far less maintenance will be required in support of the Titan IIA
ﬁhan is required with the Titan I. This is primarily due to the fact that
less AGE is:involved in the weapon system. The simplified propellant trunsfer
system and the all inertial guidance system are examples of simplified AGE
requirement. Additionally, the RPIE systems are reduced or eliminated.
The propellant terminal and antenna silo RPIE are no longer required and
large portions of other RPIE will be deactivated and will require no
maintenance.. The thréé sets of launch control and monitoring equipment
provides for an increased capability to launch in an emergency condition.
If malfunctions in one set of launch control and monitoring equipment
prevent immediate launch, the equipment may be returned to servicable
condition through the borrowing of chassis from the other sets of equipment.
This could mean the difference between launching the weapon or not. This,
of course, simplifies the emergency maintenance problem to one of malfunction
isolation and plug-in replacement.

A new maintenance problem has been discovered and is under continued
study. The thixotropic fuel clings to tank and plumbing surfaces in a
thin jell fily., A search is underway to develop a sultable cutting/cleaning
agent/ for missile tank,decontamination. | This ‘problem arises only when
missiles must be downloaded and the fuel tanks entered by personnel, A
solution to this rarely gncountered problem is being studied by Martin-

Denver in-house funded study.
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Titan I MAMS Conversion to Maintain the Titan IIA (Reference Fig; 6-2) -
The Titan I Missile Assembly and Maintenance Shop (MAMS) requires only
minor modification of the building to accommodate all the normal field
maintenance functions to _be performed on Titan IIA, These modifications

are different for each MAMS since the original buildings weré different.

By functional areas, the Titan I Lox cleaning area will be converted to a
part decontamination area ;;d & section of the central bay will be outfitted
for missile decontamination, Other facilities to be added are a SCAPE
suit:repair area and an enclosed missile tank flushing area.

Preliminary estimates indicate that conversion should cost approximately
5% of the original MAMS cost for building and outfitting. This conversion
will take approximately two months.

Most of the Titan I MAMS equipment will be gpplicable to the Titan IIA
since it is general purpose equipment. However, some weapon system peculiar
equipment .will be required for testing and-repair.' This equipment ie
essentially the same as is found in the exdsting Titan II MAMS,

The conversion of the Titan I MAMS to Titan IIA operations is not only
feasible, but economical. No loss in need field meintenance capability
is foreseer.

Spare Parts for Titan IIA (Reference Fig. 6-3) - The Titan IIA program
will have a more economical spare parts program than the Titan I primarily
because there will be less equipment requiring spares support. ihe
deactivation of large amounts of RPIE has been previously noted. The
design of the Titan IIA system requires considerably less AGE than Titan I.
The redundant use of three sets of launch control and monitoring equipment

means that the need 'for an immediately available spure-is-not as great.
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Thé 3 x 1 basing concepts.makns it economical ta'sfore highvusage parts
in the complex. The widespread use of standard, plug-in circuits in ihe
Titan IIA AGE makes the spare part provisioning more accurate and economical,

All of the above factors allow for a more econamical and efficient-
spare parts provisioning progran,
Personnel Training for Titan IIa (Referende Fig. 6-4) - The training program
for Titan IIA will be decidedly more economical than for either Titan I
or Titan II. Titan I and Titan II courses currently contain the vast
majority of content to be instructed. Only that equipment which is different
from that contained in the Titan I complex or the Titan II system need be
considered for developument of trgining courses.

The trainers and training equipment cufrently in USAF inventary will
support tréining on almost all of the Titan IIA system.

The Titan II QQPRI will remain a valid personnel selection criteria
if revised to._include.tasks associated with-the-modified- equipment jand
complex layout,

In summary, the USAF posture to provide trained personnel for the
Titan IIA essentially exists now.
Technical Manuals for Titan IIa (Reference Fig. 6~5) - The technical manual
program will prove to be another area where costs will be low. The technical
data on the Titan I complex facility currently exists and will require
primarily the deletion of data on equipment which is to be deactivated.
Titan II manuals contain the basic information on Titan IIA equipment.
Changes to these manuals will be primarily to reflect the reorientation of
the equipment as it will exist in the converted Titan IIA complex, Manuals
on unchanged end items-of equipment-will jremain-asis, ~The same|'will be

true of overhaul manuals.
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Due to the extensive deactivation of RPIE, manuals on RPIE systems
will réquire revision to detail their new configuration. This revision
will be mainly-& deletion process rather than/a .datg /generation process.
The total technical manual program will be primarily a reorientation
of existing data to describe the converted system. The research and analysis
of degign information and the high costs of this process will not be

required in this program.
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Ve Progrem Plan = The R&D and production is similar to the Titan ITA develomment

programs The important differences in the two programs are as followsg

A. The operational system verificatiomn firings will be conducted

B.

out of two launchers of the modified ITF=L facility.' The

canversion and activation program is shown in the accompanying
schedules,

The operational base conversion program is somewhat longer

in that the changes between the Titan I Weapon System are

more extensive then that between the Titan II and ITA Weapon System,
The program ‘for accomplishing these conversions is shown in the
accompanying. schedules. It should also be noted that 50% of the
Titan I force is out of EWO for a period of 6 months to expedite
conversion, Other modification seguences can be performed to

meet typical force maintenance requirements,






