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“Could it be done?” There were scores of doubting Thomases when a solid-propellent

rocket with a thrust equal to today’s largest liquid-fueled rockets was first proposed. The

biggest stumbling block was the fabrication of a case larg

> gnough from a metal strong

enough. It's history now: The job is done. Two cases were built by Sun Ship and suc-

cessfully test fired. This report tells you about the company that is ready now . . . as it

was then . . . to handle the “never before” projects.

As men began, probing the irontiers of aero-
space, and later hydrospace, Sun Ship recognized
its capabilities for building rocket cases, deep sub-
mersibles, and other lar, precision structures
that required high reliability. A half century of

shipbuilding expenience had provided excellent
background.

But Sun also realized that these new fields pre-
sented several distinct challenges that required
different approaches from its shipbuilding and
manufacturing activities:

& A majority of assignments would involve first-
tures with unprecedented perform.
AMCE S ifications,

of-a-kind str

* Many projects would demand the develop-
ment of new alloys or the use of existing metals in
entirely new roles

® Closer tolerances and new materials would
require new fxbricating technigues.

Why Sun Shipbuilding is prepared to help you cope with
the big challenges of Aerospace and Hydrospace

* Often, the design of new tooling would call
for the same kind of resourcefulness that went
inta the design of the proposed vehicle or struc-
ture itsedf,

# Fah
befone j

iting new metals in thicknesses never
ed would require basic advances in the
state of the welding art

To meet these special requirements, Sun Ship
established its Aero/Hydro Space Division. It is
a separate entity with its own administrative, engi-
neering, and metallurgical staffs, as well as its own
manufact ities. Itis geared up to approach
new, unigue, and challenging projects as they
should be approached—itep-by-step, without re-

ing fac

liance on pat answers and traditional procedunes,

What the Aero/Hydro Space Division can do
is best shown by what it has already done. When
the challenges of the aerospace and hydrospace
frontiers came along, Sun Ship was ready. . . .



...Ready to Encase the World's
Largest Solid-Propellent Rocket

A few years ago, 18% nickel maraging steel
was a laboratory curiosity. It showed promise
rial that could withstand the b
pressures of a rocket-motor infemo—aor of
the ocean depths — in thicknesses light
enough io allow for a substantial payload
Its tensile strength range was 200,000 to
00,000 psi—Tive times stronger than the ad-
vanced metals used in aircrait construction

as a ma

But no large structure had ever been built
from the material.

Sun Ship launched a company-funded
study of the propertics and workability of
18% nickel maraging steel. Sun engineers
tested its strength, fracture toughness, re-
sponse to cold working, aging effects, cor-
rosion resistance, and other propertics. After
evaluating many specimens, they developed
promising welding, machining, and heat-
treating techniques,

And when Ad
sought a mate

rrojet-General Corporation
—and a builder—for the
largest solid-propellent rocket ever designed,
Sun Ship was ready . . .

PROJECT:

260" SOLID-PROPELLENT
ROCKET MOTORS

.-'\.1'.'-::-||-I-['.L'|1L'I.L| Corporation won 3 LUSAF/NASA
contract to build two giant solid-propellent rocket
motors, the largest ever attempred. Each meas-
ured 260 in diameter x 60 feet long. and weighed
70 tons. The motors were crucial to the future of
large solid-propellent boosters in the nation’s
space program. Though solid propulsion had been
thoroughly proven in the
Polaris missiles, many eng
vinced
thie gi.anl biossters,

maller Minuteman and

WEErS were not con-

t the techno

¢ could be expanded 1o

Fabricating the huge cases and nozzles called
for a company who could machine, weld, and
handle huge strsctures . .
quired in making a fine watch, Aerojet selected
Sun Ship.

h the precision re-
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PROBLEM:

Select a material to contain

the pressure creabed by 1.6 million
pounds of solid propellent
burning at GO0D*F

SUN SHIP'S SOLUTION:

Sun Ship's research with 18% nickel maraging
steel had shown that the metal was equal 1o the
job. Working with Aerojet-Ceneral and the stesl
producers, Sun engineers developed a modified
chemistry that produced a tensile strength in the
200,000 psi range, and gave increased loughness,
Sun shops then built and hydroburst-tested two
36" scale-model cases. Evaluation of test rewulis
confirmed the material choice.

Weld five 260" diameter shell
sections together 1o form the

Irrl:nph'!l' rockel case—maint g
tolerances more often associated
with small-scale precision

manufacturing operations.

A specially built hydraulic expansion fixture ap-
plied uniform pressure along each 68-foot weld
seam to maintain roundness and control weld
shrinkage. The same fixture also supplied the gas
atmosphene for .1F|J: runplcn-incrl-sn un:ldir_g

procedung

Specified roundness requirements of £0.060°
were maintained or beltered in the finished 260"
diameter case; mls\;llgnmcm of cylinders was held
within an average of 0,008

Heat-treat the welded case

in one piece—holding a 900*F.
temperature for eight hours—

to develop the full tensile strength
af the maraging steel

Sun built a giant maraging furnace twelve stories
high, sectionalized into 14-foot high rings so its
size could be varied 1o treat different structures.
(The rockel nozzle, for example, required only
two sections, while the motor case used the entire
height.) Control circuits held the maraging tem-
perature of the motor case within the required
30°F. range



PROBLEM:

Match-machine the ait nozzle
flange on the case 1o mate with
a cormesponding flange on the
nozzle—a critical step in the

rocke! molor agsembly.

Simulate the stresses encountered
in flight by subjecting the

finished motor case 1o both internal
pressure and thrust loading.

SUN SHIP'S SOLUTION:

Sun Ship engineers adapted the stand that would
later hydrotest the rocket as a giant lathe for the
nozzle-flange machining. They built a milling head
atop the stand, twelve siories above the ground.
This tood was used to finish the 180~ diameter
flange to an accuracy of £0.007"

Handle and deliver the finished
T0-ton cases to Aerojet’s test facility
south of Miami, Florida

A giant hydrotest stand was erected with a huge
piston at its top which fit into the nozzle. The
stand subjected the case to an internal pressure
of 738 psig . . . exceeding the pressure of actual
firing . . . and simultaneously imposed thrust load-
ings of more than six million pounds.

Before the case successfully passed this final
test, ultrasonic, x-ray, dye penetrant and magnetic
particle inspections had already certified weld
soundness

Giant cranes moved the completed case from
shop o maraging furnace . . . then inverted it into
the hydrotest stand and finally moved it to a
pier for shipment.

Sun Ship's waterfront location on the Delaware
River in the Port of Philadelphia simplified de-
livery. The cases were loaded on barges right at
the plant and shipped wia the Intercoastal Water-
way—eliminating the many problems of land ship-
ment such as bridges, tunnels and road clearances.

>



RESULT:

At Aerojet’s test facility in Florida, the largest
solid-propellent rocket ever built delivered 3%
million pounds of thrust in 126 seconds of
flawless test firing. An equally successiul firing
of the second motor confirmed that large solid-
propellent rockets were not only mechanically
simple, but also eminently practical. Both cases
came through static fising completely undam-
aged. The first case has now been successfully
hydrotested far the second fime . . . a key step
toward further development on large solid-

propellent rocket motors,

Successful construction, testing, and firing of
the 260 rocket motors also proved something
mone: Sun's ability to adapt and extend its
knowledge of giant fabrications to meet the
challenges of the aerospace frontier.

Building the 260" rocket motors developed Sun Ship’s capability in maraging steel fabrication still further.
And Sun was ready to apply the metal's unique properties to the conquest of today’s other frontier. .. hydrospace. ...



PROJECT:

“DEEP QUEST™
MANNED SUBMERSIBLE

up 1o 4 knots,

In addition ew, Deep Quest can canry
two divers or a 7000-pound instrument pay-
load. Standard equipment includes external TV
cameras, sonar, remotely controlled manipula-
tors, and a viewpar. Lockheed plans the vehicle
as a test platform for unl:lellsea SENsors, instru-
ments, and communications equipment, as
well as a training craft for undersea rescue and
exploration,

A critical part of the program is the bisphere
pressure hull that holds the crew. The twao
7-foot diameter spheres that form this hull pro-
vide maximum usable space with lowest total
waight, But they must be precisely joined so
that the patential of the high strength material
and light weight design may be fully realized.
The final design climaxed months of detailed
analysis by Lockheed. Transiorming it into a
practical structure would require equal care.

To build the bisphere, Lockheed selected Sun.




PROBLEM:

Find a metal that could withstand
the pressure of 12,000-foat

depths [allowing a substantial safety
factor over the designed 6000-foot
operating depth) yet was light
cnoush to allow for a sizeable
payload in the submersible,

Fabricate four hot-spun
hemispheres and a “Y" connecting
ring into the bisphere, maintaining
near-perfect roundness over the
two 7-foot diameter spheres

Exact contral of the hull geametry
was vital to realizing the full
potential of the bisphers design,

SUN SHIP'S SOLUTION:

Drawing on their experience with 18% nickel
maraging steel, Sun Ship engineers worked with
Lockheed to modify the chemistey of the metal
into a 175,000-psi formulation with the toughness
needed for the bisphere, They tested their ideas
by fabricating a W-size model of the hisphere,
The model successiully withstood the pressure of
12.000-foot depths and endured pressure cycling
over 10,000 times,

Weld several forged fittings
like hatches, viewports, and
electrical connectors—into the
spheres without distorting
their near-perfect sphericity.

Sphere seams were tungsten-inert-gas welded en-
tirely from the cutside, with argon gas backup on
the inside. Extra metal was left on the spheres in
the seam area, and machined off after welding.
This procedure tliminated weld distostion and
produced finished spheres within 20,015 of
round over their 84 1.0, Weld strength matched
base-plate strength, All welding and machining
operations were done without handling attach-
ments to the spheres, to prevent scars that might
later weaken the structure,

Sun Ship engineers developed a special hydraulic
expansion ficture that fit inside the spheres and
exerted forces as high as 85 tons on weldment
areas. The force created a plastic stress in the first
weld bead, preventing distortion and controlling
weld sinkage



RESULT:

On May b, 196, the bisphene pressure hull suc-

cessfully withs! 1 BS00
2500 feet more than its des

depth of G000
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... Ready to Bring the Sea

into the Lab

HY-100. another advanced high-strength alloy,
was a strong contender for the walls of ultra-
high-pressure vessels, But the metal had never
been welded in the exireme thicknesses re-
quired —up o 167, Sun Ship engineers de-
veloped special butt-welding techniques and
groove configurations for the thick sections,

At the same time, they adapted metallic-inert-
gas techniques for coating the base metal with
monel and nickel weld overlays. The result was
a metal combination that could contain high
pressures and resist sea-water corrosion

And when the Navy needed pressure cham-
bers to simulate conditions 26,000 feet beneath
the $ea, Sun Ship was ready . . .

ES

The L. 5, Mavy Marine Engineering Labaratory is
constructing a new Ocean Pressure Laboratory
that will provide complete facilities for develop-
ing and testing undersea equipment. Key compo-
nents of the laboratory are the deep submergence
test chambers. These gi.anl pressure viessels will
be filled with high-pressure sea water 1o simulate
conditions in the deepest parts of the ocean. They
will give scientists a powerful new tool for test-
ing propulsion machinery, pressure hulls, contral
techniques, lifesupport systems, and instrumen-

tation in a realistic d|-|-|:|-w.1 environment

The large and medium chambers can be stati-
cally pressurized 1o 12,000 psi, and pressure-cycled
from © to 4000 psi at 1-minute intervals for fatigue
studies, They will be equipped with a 500-ck
digital data acquisition system and closed-circuit

el

TV camera for continuous monit
equipment under test.

To build the complex chambers to their exact-
ing design, the Marine Engineering Laboratory
selected Sun Ship

The larger of the two chambers being built by
Sun will measure 37 feet long and 10 feet inside
diameter, and will weigh 750 wons, Individual sub-



chamber, will weigh as much as 150 tons,

The chamber will be huilt by welding together
nine individual forgings by the submerged arc
process to form the body. Special U™ welding
grooves will be used to insure perfect welds in
material up 1o 167 thick. The body then be
surroundid with five shrink-fitted pressure rings.

the chamber will be fully
lined with a layer of nickel overlayed
layers of monel, all applied by metallic
welding. The interior of the chamber will be fin-
ish-machined r completion of the overlays.
Complicating construction is the fact that three
machinery nozzles, two piping nozzles, and four
instru on nozzles must be bored through

me of the thickest parts of the chamber wall.

The smaller chamber will be similar in con-
ruct It will measure 12 feet long and 4 feet
inside diameter, and will weigh 80 tons,

Sun's experience in handling heavy structures,
ont location, will prove ins
bling—and finally transporting—ihe
rassive chambers,



Ready to Put an Escape Hatch
Beneath the Sea

Im 1965, Sun Ship bailt a small metal sphere by
hot-pressing. austenitizing, quenching and tem-
pering. and welding together two 1944 diam-
eter hemispheres. Then the sphere was hydrau-
lically pressurized until it burst at 15,800 psi.

The project represented a major step toward
the development of an undersea rescue capa-
bility to match man’s undersea exploration
capability. The sphere—built on Sun’s own
initiative —was the first structure ever made
from HY-140 high-strength steel. And the burst
test proved that special wngsten-inert-gas weld-
ing techniques could produce a seam whaose
strength equalled the strengthof the metal itself.

The successful burst test climaxed months of
research into the properties and practicality of
HY-140 steel. Sun Ship engincers evaluated
strength, toughness, fatigue effects, formability,
machinability, and weldability. They demon-
strated that the high strength-to-weight ratio of
HY-140 could be utilized to increase the pay-
load capacity of deep submersible vessels,

And when Lockheed Missiles & Space Com-
pany needed a complex three-sphere pressure
hull for the L. 5 Navy's first deep-sea rescue
vehicle, Sun Ship was ready . . .

PROJECT:

DEEP SUBMERGENCE
RESCUE VEHICLE

After their success with the privately funded Deep
Quest submersible, Lockheed Missiles & Space
Co. won the contract for the first vehicle in the
L. 5. Mavy's Deep Submergence Systems Project
This was DSEV—the Deep Submergence Rescue
Wehicle,

DSRY will provide the Navy with a fast-reaction
undersea rescue capability anywhere in the warld
It will be light and compact enough to be

transported to a submarine
hours. Yet it will be capable of operating at 3500
foot depths for as long as twelve hours. 1t will
carry a crew of three, and have capacity to remave
24 survivors at a time from a stricken submarine,
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... Ready to House a

Twentieth-Century Titan

Another untried material studied by Sun Ship
engineers was HP 9-4-25 steel, The metal ex-
hibited wvield strengths up to 190000 psi.
Standard tungsten-inert-gas welding proce-
dures, however, often produced porous
welds. Another difficulty was the tendency
of the metal to harden in the weld area, Spe-
cial welding and retempering processes elim-
inated these drawbacks,

As interest in this new material developed
Sun Ship was ready .

PROJECT:

EXPERIM

As part of the Air Force Materials Laboratory
R & D program on the Titan |1l missile, United
Technology Center of Sunnyvale,
had 1o build a 122" diameter, 5-10" long
rockel case preform from HP9-4-25 steel.

alifornia

Plans called for first rolling a cylinder, then
welding together the longitudinal seam, After
welding, this cylindrical preform would be
shear-formed into a longer cylinder with one-
fifth its original wall thickness, The seam weld
would virtually disappear in the process, This
meant that the weld had 1o have full pen-
etration, be free of porosity, and exhibit the
same tensile strength and hardness as the
base metal.

Cn the basis of Sun Ship's research on
welding HP9-4-25, UTC selected Sun to weld
the crucial seam

PROBLEM:

Prove that HP 9-4-25 steel can be
successiully welded in the thicknesses
required for the Titan case

SUN SHIP'S SOLUTION:

Working with the procedures developed by
R&D, Sun Ship welders test-welded 1% thick
|:|u,al‘|1:\',;t|‘||1 plates of HP 9-4-25 that were ac-
cepted by UTC before the contract procecded
To further prove the technique, they built and
welded a scale-model ring,

PROBLEM:

Weld the 1200 diameter rolled-plate
eylinder into the completed case
segment, achieving full weld strength
and hardness with no porosity.

SUN SHIP'S SOLUTION:

A special Sun Ship procedure that gave full weld
penetration of the 134" material without back
grinding produced a smooth, non-porous weld
that retained the full tensile strength of the steel.
The weld and heat-affected area around it both
exhibited the tame hardness as the parent metal,



Ready to solve many Aerospace/Hydrospace problems...

Bow section of a Polaris subma-
rine: built by Sun Ship for Ports-
maouth Maval Shipyand. This unit
includes bath the pressure hull
and the outer hull and weighs
115 tons. The forward end of
the pressure hull is a fabricated
segmented head.

Four other pressure hull sec-
ticns were also built using spe-
cial techniques and fixtures
developed by Sun to insure
high-quality welds. The HY-80
hulls were 1% thick and 22
feet in diameter. All sections
were shipped by barge 1o Ports-
mouth.

Cylindrical test chamber will

become part of “Launch Phase
Simulator” st Goddard Space
Flight Center. Actually a giant
centrifuge, simulator can sub-
iect full-size satellites to accel-
erations up to 23 G's, as well as
random vibration and acousti-
cal shock. Besides withstanding
these stresses, chamber must
hold vacuum of 3 x 10" torr,
used to simulate 200,000-foot
altitude.

Built of A441 structural steel,
chamber measures 154 oul-
side diameter by 28 feet long,
and was vacuum |eak-tested
with a mass spectrometer be-
fore delivery,

Sun Ship helped to design, fab-
ricated, and supervised erection
of two alloy steel tbes for the
helium-blowdown jet wind tun-
nel at Langley AFB,

The shorter tube, 152 feet
lang and tapering from 100" to
47 in diameter, will provide gas
flows up to Mach 10, The longer
tube, 156 feet long and taper-
ing from 847 to 27, will provide
flows as high as Mach 20. Both
will be used to simulate re-entry
conditions for testing of nose
cones and similar structures.
MNozzle jets and chambers are
17-4 PH stainless steel.

Conical shock tube for Maval
Weapons Test Laboratory, Dahl-
gren, West Virginia will simu-
late effect of 20-kiloton nuchear
blasts. Four 16" naval guns cou-
pled in series form small end of
tube, which enlarges to 24-foot
1D, at open end. Overall length
s 2447 feet.

Sun Ship's prime contract in-
cludes site preparation, utility
installation, and railroad spur
construction as well as fabrica-
tion of the whe jsell. Metal
composition and thickness va-
ries throughout length to suit
pressures encountered: Small
end is HY-80 steel 114" thick,
while large end is 34" carbon
steel, Tube was fabricated in
27 sub-sections at Sun's plant
and barge-shipped to site.

15



16

Ready for your next project...

AS you've seen in these pages, the goal of Sun Ship
research is to keep ahead of your needs in aerospace/
hydrospace. Studies of new materials, new welding
techniques, and new fabrication methods continue. For
example, Sun Ship engineers are currently evaluating
alloys such as B-1-1 and 6-4 titanium in thicknesses suit-
able for the next generation of deep submersibles be-
cause of their high strength-to-weight ratio.

But research is only part of the story. The tools to tumn
your advanced designs into practical structures are the
ather part. At Sun Ship they include:
an AerafHydro Space Division established spe-
cifically 1o meet your new challenges with new
approaches

* a manufacturing complex of 200 acres in the Port of
Philadelphia .

.

an organization of 5000 skilled craftsmen and
£ engineers

a total of fifty years' experience in on-time, on-spec
fabrication of large precision structures

Sun Ship engineers are applying this background in
the exploration of both aerospace and hydrospace; in
offshore petroleum recovery and undersea mineral min-
ing: in deep sea salvage and rescue missions; and in
missile components and support.

Sun’s research with new metals and manufacturing
methods may already hold the technology required for
your next project. When your needs for large, precision
structures push metallurgical and manufacturing tech-
nology into uncharted areas . . . Sun Ship can help bring
your project off the drawing baard into reality.

Your big challenges will meet big thinking at Sun.

L] Printed in LLS.A,
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SUN SHIPBUILDING AND DRY DOCK COMPANY

Chester, Pennsylvania 19013 / (215) B76-9121
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