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ABSTRACT

Upon request of several geophysical organizations, a program
was initiated at Texas A&M University under the Sea Grant Program
to design a selfcontained automatic seafloor setting corer which will:
1) extract up to fifty feet of continuous undisturbed core, 2) operated
in depths up to 1,000 feet of water, 3) core in hard as well as soft
material, and 4) be as compact as possible to facilitate shipboard
handling. This program was partially funded by Cceanonics, Inc.,
Houston, Texas, The SEACORE 50 will extract a three inch diameter
core 49,5 feet long in eleven sections. The unit is octagonal in cross
section measuring six feet side to side and is twelve feet in height,
When the unit reaches the seafloor, four legs fold down and level the
unit on slopes of up to 15°. The unit weighs 10, 000 pounds dry, 8,000
pounds in water, and is lowered to the seafloor by a single power-
tension cable. An automatic control system is contained in the unit
with shipside manual control available at any time. A drill pipe
fitted with a ring type core bit is rotated under a considerable thrust
load while water is pumped down the center of the drill pipe to wash
the cuttings back up the annulus. This water is routed through the
double walled bottom joint around the core barrel so that the sample
ig not washed. A square rod extending from the top of the coring unit

restrains the rotation of the core barrel. This square rod also



supports a piston in the core barrel thus affecting ''fixed piston™
coring. A hydraulic powerhead produces 1, 000 ft-ibs of torque

and 6, 000 pounds of thrust or pull,
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CHAPTER I

INTRODUCTION

Despite the many advancements made in oceanographic instru-
mentation in recent years, the tools and techniques for obtaining
good undisturbed material samples of the sea bed in all types of
bottom material are still unsatisfactory. QGravity and piston corers
are widely used (3, 4, and 6), but cores longer than thirty feet
are rare unless the cored sediments are very soft as gravity coring
is only effective where the sediment to be sampled can be pene-
trated by the freefalling tubes.

To circumvent the problem, various coring units have been
developed which operate on a vibratory principle (1) whereby
eccentric impulses are generated down the barrel causing vibrations
that drive the barrel in its downward passage. Although fairly
effective in well-sorted sands, these devices will not sample con-
solidated or semi-consclidated materials, nor are they very

effective in coring interstratified deposits consisting of sediments

The numbers in parentheses indicate references at the end
of this proposal.



of varying grain sizes and densities.

There are other coring devices which are lowered to the sea
floor and are activated there (1). Some of these exhibit capabilities
of up to 200 feet penetration, but without exception, they require
the logistic support of divers on the bottom. This makes the cost
of a single core prohibitive to many marine interests.

Another accepted technique of obtaining long cores is by
rotary drilling (1). This requires a stable platform, necessitating
the use of a barge or large vessel and at least a four point anchor-
ing spread (two each on how and stern). The time consumed in
deployment and retrieval of anchors reduces the efficiency and
adds to the over-all cost.

Although there are many coring devices in use today, all have
important shortcomings {2). The need exists to develop a new
coring device which will incorporate the best features of the exist-
ing inventory of tools into a single system. A coring device
capable to obtaining long cores with a minimum of sample dis-
turbance and without the necessity of a stable platform would be
put to immediate use in all disciplines of marine activity, partic-
ularly in applications to exploration programs in offshore mining.

The objectives of this research were, therefore, to design

an automatic marine coring device with the following capabilities.



It should:

1. be capable of obtaining a three inch diameter core at least
fifty feet long in depths of up to 1, 000 feet of water. The
recovered sample should be at least 90% of the amount
drilled.

2, be activated with a power package on the ocean bottom and
supplied by a single umbilical control from the surface
vessel.

3. be capable of rapid penetration and withdrawal to circum-
vent anchor spreads.

4. be as compact as possible to facilitate ease of shipboard
handling.

5. employ both rotary and push type operations with inter-
changeable coring bits to handle all types of sediments
and must employ the fixed piston method of coring.

6. be self-leveling on slopes of up to 15° so that cores are
always taken in the vertical.

The design of the automatic marine coring device proceeded
from the penetration and coring tubes which take the core sample,
through the inner sections and power equipment, to the square rod
magazine utilized on top of the unit. The unit is octagonal in shape

with a six foot side to side distance and a height of 12 feet 2 inches.



Standard 6 inch by 3 3/8 inch "I'" beams are mounted on the bottom
for skids and a single lifting eye for attachment of the power-
tension cable is mounted on the top. The square rod magazine

will extend 1 foot 5 1/8 inches above the top of the unit in its stored
position. Four legs, 5 feet long, are folded against the sides and
controlled by hydraulic cylinders. The coring device will weigh

approximately 10, 000 pounds on land with an in-water weight of

8,000 pounds.



CHAPTER II

PENETRATION AND CORING TUBES

Eleven penetration tubes will be employed in the unit. This
includes ten standard tubes {(see Drawing Number DP-03) of 4 feet
6 inches in length and the first penetration tube (see Drawing
Number DP-02) of 5 feet 6 inches in length with coring bit. Initially,
an annulus was to extend through all tubes and eleven different con-
nections to furnish flow for washing cuttings out of the drill hole.
This was to have been accomplished by using concentric tubes and
special connections, thus leading to very high costs in materials
and machining. Instead, ten of the penetration tubes will be made
from standard 4 1/2 inch drill pipe with 4 1/2 inch API internal
flush threads in tool joints. It was intended that used pipe be
employed for this application to reduce cost. This is possible
because the used drill pipe still has greater strength characteristics
than required for this service. Flow will be effected down the
center of these ten tubes. The first penetration tube will be the
only one with an annulus around the core barrel. The flow proceeds
through this annulus and out the drill bit to wash the cuttings to the
outside and away from the core. The first penetration tube is the

only one which requires special machining and thus greatly reduces



the cost of the drill string.

The first penetration tube was designed to take different styles
of bits with 4 inch API internal flush threads. Bit types include
cone bits for soft material, "fish-tail' bits for semi-consclidated
material, and bits with surfaced hardened teeth for harder
material. Both push type operation for soft materials and rotary-
push type operations for harder materials were designed intc the
unit. The core barrel assembly locks into a groove located at the
top of the first penetration tube (see Drawing Number DP-01). This
allows the core barrel to be carried with the penetration tube during
a coring operation and thus slides the core barrel over the core.

The core barrel consists of a PVC (polyvinyl chloride) barrel
with a 316 stainless steel cap affixed to the plastic barrel by left-
hand threads (see Drawing Number CB-01). The purpose of the
left-hand threads is to keep the two pieces together during clock-
wise rotary operation in coring. The PVC barrel is disposable
once the core is obtained. The stainless steel cap is re-usable
and interchangeable with other barrels. An '"Q'" ring seal is used
between the core barrel and first penetration tube to insure that
flow does not wash the sample. The core barrel cap has a spring
loaded sliding ball lock for locking it into the first penetration tube

(see Drawing Number DP-01). The spring in the cap was designed



to give a twenty pound in-service force to keep the balls locked in
the groove. The spring specifications are as follows:

FL (Free Length) = 1 1/2 inches

DW (Wire Diameter) = . 200 inch

DM (Mean Diameter) = 2. 75 inches

Nc¢ {(Number of Coils) = 2.5

Squared and Ground Ends

G (Modulus of Rigidity for Stainless Steel Spring Wire) =

10.6 X 10° psi

The spring constant, K, was calculated as follows (5):

G Dw4
K = 3
8 Dm Nc
K - 10.6 X 106 (.200)4

8(2.75)°(2. 5)

K = 40.6 lbs/in.

Therefore, the in-service deflection of the spring will be . 500 inch
to produce 20. 3 pounds of force. Also, 30.45 pounds of force is
required to deflect the spring an additional . 250 inch to release
the balls and core barrel from the first penetration tube.

This action is accomplished by a piston held stationary by a

square rod which extends to the top of the coring unit. As the core



barrel is carried over the sample by the penetration tube, the
piston remains stationary (see Figure 1). As the piston reaches
the top of the core barrel, it compresses the spring and releases
the core barrel from the penetration tube. To keep flow out of the
core barrel during a coring operation, the piston has an "O" ring
seal between it and the barrel. It also has four one way check
valves to allow water to pass through during lowering into the drill
hole, but restricting the flow into the barrel during coring.

The piston has four spring loaded balls which fit in a groove
in the core barrel cap spacer (see Drawing Number CB-01) to
keep the sliding ball lock in the core barrel cap unlocked while
lowering into the drill hole. This keeps the spring in the cap de-
flected the additional . 250 inch to keep the force off the ball locks.
To unlock the piston from the core barrel cap spacer requires an
additional 135 to 160 pounds of push on the piston, depending on the
inside diameter of the cap spacer. Four stainless steel Lee
Springs No. LC-042C-8, Lee Spring Company, Brooklyn, New
York, 11201, are used in the piston. The springs have a free
length of 13/16 inch and a spring constant of 60 lbs/inch (see
Figure 2}, With an in-service deflection of . 214 inch, each spring
will produce a 12.8 pound force on the ball against the groove in

the cap spacer. See Figure No. 2 for force requirement
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calculations for different inside diameters of the cap spacer.

A 9 inch section of 1 1/2 inch 316 stainless steel square rod
with a quick-release connection is pinned toc each piston (see
Drawing Number CB-02). The square rod has the following func-
tions in the coring operations:

1. To lower core barrels into the drill hole.

2. To unlock the piston from the core barrel cap spacer thus
locking the core barrel into the first penetration tube and
to push the piston to the bottom of the core barrel.

3. To keep the piston stationary during coring which gives the
unit the capability of fixed piston coring.

4, To keep the core barrel from rotating during rotary
operation; this is accomplished by the square hole in the
top of the core barrel cap.

5. To remove the core barrel from the drill hole once it is
full of the sampled material.

The 9 inch section of square rod, attached to a piston, has a
female connection which mates with the male pincof the standard
square rods. The female section has a spring loaded lever which
locks the male pin into it. The lever rotates on a 3/16 inch
diameter pin and is normally forced in by the spring to keep the

connection together. A release mechanism for the square rod



connection will be discussed in Chapter V.

The first square rod for connecting into the 9 inch section in
the core barrels will be 6 feet 11 1/2 inches long. There will be
eleven standard square rods of 4 feet 6 inches in length. This gives
a maximum square rod length as follows:

1 - first square rod - 6.958 feet
11 - standard square rods - 49,500
1 - section in core barrel - . 750
57. 208 feet
The 1 1/2 inch square rod of 316 stainless steel weighs 7,65
pounds per foot of length. Therefore the maximum weight of
square rod is 437 pounds. The core barrel with sample will weigh
approximately 63 pounds, to give a maximum weight on the top
square rod connection of 500 pounds. The sections of the connec-
tion with the greatest stress are the section of the lever with the
3/16 inch diameter hole drilled through it and the 3/16 inch
diameter pin.

Considering a tensile load of 500 pounds on the critical cross-
section of the lever (see Figure 3}, the maximum stress at that
section is 6400 psi. The maximum stress in the 3/16 inch diameter
pin is 9080 psi. Therefore, the square rod connection is an ex-

tremely strong connection considering that the ultimate strength

12
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of 316 stainless steel is 90, 000 psi and its tensile yield strength is
60,000 psi (5).

The spring, which keeps a force on the lever to keep the con-
nection made, is a Lee Spring No. Lc-063G-6, Lee Spring Company,
Brooklyn, New York, 11201. It has a wire diameter of . 063 inches,
free length of 1.250 inches, sclid height of .600 inches, and a
spring constant of 45 pounds per inch of deflection.

The spring was designed to be deflected . 625 inch to release
the lever from the male pin. The force required to deflect the
spring this amount is 28, 1 pounds.

The in-service deflection of the spring is 7/16 inch and there-
fore the in-service force applied by the spring is 19.7 pounds.

The torsional strength necessary in a connection tec keep a core
barrel from turning during rotary coring operation is furnished by
four 1/4 inch Dowell pins, 5,8 inch long, in the side of the female
portion of the connection. The pins mate with a 1/4 inch Keyway
slot in the male portion of the connection (see Drawing Number
CB-®) keeping the square rod from rotating during coring,

In the bottom three inches of each core barrel is a core
catcher (see Drawing Number CB-01). The core catcher is made
of spring steel cut into several ''leaves''. During the downward

movement of the core barrel, these '"leaves' are forced against



the inside of the core barrel. This allows the sample to pass into
the barrel during downward movement. Once the piston has re-
leased the core barrel from the first penetration tube, the square
rod is raised thus picking up the core barrel. This upward move-
ment allows the ''leaves'' of the core catcher to spring inward
cutting off the core at the bottom of the barrel. This secures the
core inside the barrel and allows it to be removed from the drill
hole and stored.

Once the core has been cut and removed, thereis approxt-
mately three inches of core remaining in the bottom of the hole.
Because of this, the beottom position of the piston is three inches
from the bottom of the core barrel. The core barrel cap and
piston take an additional three inches of space in the top of the core
barrel. -Therefore, with a five foot core barrel (including cap),
an effective length of 4 feet 6 inches of core sample is obtained per
barrel. This corresponds to the 4 feet 6 inches standard penetra-
tion tube lengths. The coring unit utilizes eleven core barrels in
its operation giving it the capability of taking 49 feet 6 inches of
core in 4 feet 6 inch lengths,

If extremely hard material is to be sampled, the coring bit can
be adapted to contain core breakers. These core breakers work

on the same principle as core catchers except they only break



harder cores. The core catcher must still secure them in the

barrel for removal from the hole.

16
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CHAPTER III

POWER HEAD

The power head section of the automatic marine corer incor-

porates the following functions and capabilities. It should:

1.

2,

furnish a high torque at stall or low RPM to the drill pipe.
supply the thrust load required for the drilling operation
and for removal of the drill string after the cores are
stored.

be reversible for making-up and breaking tool joints.

be hydraulically powered.

have a shaft sufficiently large enough to allow a 3.5 inch
outside diameter and 5 feet long core barrel to be pulled
inside it and clear the bottom threads of the drill pipe
connection,

incorporate a quick release from the drill pipe so as not
to be anchored to the penetration tube in case of power
failure during coring.

have an inlet for water flow down the drill string to wash
cuttings out of the drill hole.

allow a 1.5 inch square rod to pass through it for position-

ing and retrieval of the core barrels.



9. produce a maximum speed of 100 RPM of the drill pipe.
After discussions with personnel in the Oceanography Depart-
ment at Texas A&M University it was decided that the maximum
cohesive stress that the coring unit would encounter would vary
linearly from 150 to 350 pounds per square foot over a 50 foot
drilling depth for a clay-sand material. The average cohesive
stress was therefore 250 pounds per square foot. The torque re-
quired to break loose a complete drill string if it were stuck in
this material over 100% of its 50 foot length would be as follows:
Da - average diameter of drill string = 5 inches
S = cohesive stress
A = area of pipe
Fs = Force required to overcome the cohesive stress
Ts = torque required to produce the force

L - length of drill string = 50 feet

Da L
A = 12 square feet
F = SA

Da LS
P
r = 5) (5) (250)

12

¥ = 16,375 pounds

18
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_F {Da)
T= 12 (2)
1
T - 6,375 (5}
12 (2)
T = 3,410 foot-pounds

After research into a hydraulic motor and pump unit with
acceptable gear reducing to produce this amount of torque, it was
found to require approximately a 100 horsepower electric motor to
drive the hydraulic pump to put out sufficient flow for the hydraulic
motor. Since space requirements were very stringent in designing
the coring unit, the space required to mount the electric motor and
hydraulic pump was unacceptable. The space available to mount a
power package unit consisting of an electric motor and two hydraulic
pumps (to be discussed in Chapter VII) limited the electric motor
to a ten horsepower maximum. Of this ten horsepower, only a
portion would be available to power the hydraulic pump for the
hydraulic motor on the power head.

A Sundstrand Hydrostatic Transmission System Model 21,
Sundstrand Corporation, LaSalle, Illinois, was chosen for the
power head (see Figures 4 and 5). The system consists of a
variable displacement pump and a constant displacement motor with
all controls. The pump requires a four horsepower input to

produce suificient flow for the motor to produce 200 foot-pounds of
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torque below 20 RPM and 48 foot-pounds of torque at 500 RPM.
With a 5 to 1 gear reduction designed into the power head, 1, 000
foot«pounds of torque would be applied to the drill string at stall
or a maximum speed of 100 RPM could be obtained at low torque.
The 1, 000 foot-pounds of torque produced is much less than the
3,410 required to break loose a complete drill string if stuck over
100% of its 50 foot length, This 100% stick condition was considered
by personnel in the Oceanography Department to be highly unlikely.
Not included so far is the thrust available to help unstick the
drill string. For drilling in harder material, 5, 000 pounds of
thrust should be available to the drill bit, This thrust will be
provided with a hydraulic winch with steel cable connections on the
housing of the power head (see Drawing Number AMC-01). The winch
is a Gearmatic Hydraulic Winch Model 6-35 with a single direction
brake, Gearmatic Company, Ltd., North Surrey, British
Columbia, Canada (see Figure 6). There will be one wrap of 5/16
inch cable on the drum giving essentially a bare drum for line
speed and pull computations. At a pressure of 1,350 psi, the winch
will produce 6, 000 pounds of pull. This therefore gives the power
head the capability of producing 6, 000 pounds of thrust to the drill
bit and 6, 000 pounds of pull to remove drill pipe from the hole.

With this amount of pull and torque produced by the power head,
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the likelihood of not being able to retrieve the drill string after
coring was considered to be very slight,

The five to one reduction in the power head was accomplished
by using a 12 tooth, 3 inch pitch diameter pinion and a 60 tooth,
15 inch pitch diameter gear (see Drawing Number PH-01), The
gears were designed to transmit 1, 000 foot-pounds of torque at a
maximum of 100 RPM using standard design procedures (5). Each
gear has a pressure angle of 20° and a face width of 2.5 inches.

The tangential load produced by the gears is given as follows:

33,000 HP
B m Dn

Ft
D - Diameter of gear = 1, 25
n - speed of gear = 100 RPM

Tn

HP = 63,000

T = torque in inch-pounds

12 (1, 000){100)

HP =

63, 000
¢ HP = 19 horsepower
0
Ft = 33,000 (19)

© (1.25)(100)

Ft = 1,600 pounds

The radial load produced for 20° pressure angle gears is there-

fore:
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Fr = Ft tan 200

b
|-1
!

= 1,600 {. 364)

Hy
H
It

582 pounds

The mainshaft bearings for the power head were designed on
the assumption that one bearing would carry all the radial load of
582 pounds. The bearings were designed also for a thrust load of
6,000 pounds and a life of 3, 000 hours at 100 RPM. Standard design
procedures were used (9) and two type TS Timken Tapered Roller
Bearings were chosen for the service. Specifications on the bear-
ings are as follows:

Bore - 5 inches

QOutside diameter - 7 3/16 inches

Width - 1 5/8 inches

Rated thrust at 500 RPM - 6, 700 pounds
Rated radial load at 500 RPM - 11, 200 pounds

The pinion shaft bearings were then designed using the
procedures set forth in reference 8. The bearings were designed
for a radial load of 582 pounds at 500 RPM, a negligible thrust
load, a life of 3,000 hours, and on the assumption that one bearing
carries all the load. Two Number 3209 New Departure ball
bearings with a 1 3/4 inch bore were chosen for the service.

The case and cover for the power head were designed using
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standard job shop techniques. They are to be made of mild steel
plate and welded together using current ASME standards (see
Drawing Number PH-01), The only strength requirement for the
case was being able to withstand the 6, 000 pounds of thrust placed
on the drill string. The case will be filled with a light gear il and
pressurized with nitrogen through a demand regulator to maintain
a five psi pressure differential between the inside and outside of
the case. Sufficient '"pop'' valves will be installed to prevent rupture
of the case when raising the unit to the surface.

Two sleeves, 20 inches long, 4.5 inches outside diameter, and
3.5 inches inside diameter, are attached to the case with 1 inch
steel plate. These sleeves slide on two 11 feet 5 1/2 inch long
guides which are fixed into tubes welded to the top and bottom plates
of the coring unit. The tubes are made of 3 inch schedule eighty,
standard steel pipe with a 3.500 inch outside diameter and a . 300
inch wall thickness. If the guides were considered to have pinned
ends with the maximurmn load occurring at the center of their 11 feet
5 1/2 inch length, then the maximum normal shear stress in each
guide would be 13,200 psi and the maximum deflection would be
0.198 inch (7).

Four stop positions of the power head are used in the coring

operation (see Drawing Number AMC-01}). They are numbered from
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the bottom to the top of the coring unit as follows:

1. Stop No. 1 - Storage and bottom position of the power
head for making and breaking drill string connections.

2. Stop No. 2 - An intermediate stop used for making and
breaking the bottom connection when placing and removing
standard drill pipe sections; also used for setting the
core barrel and piston in preparation for taking a core
sample,

3. Stop No, 3 - An intermediate stop used for making and
breaking the top connection when placing and removing
drill pipe sections.

4, Stop No. 4 - Top stop for the power head, insures that the
lower sub of the power head is clear when drill pipe
sections and core barrels are handled.

Stop numbers 1 and 4 are accomplished by the sleeve attached
to the power head shouldering against the tubes to which the power
head guides are fixed. They are the lowest and highest positions
of the power head. Stop numbers 2 and 3, located 16 1/2 and 4
inches respectfully below stop number 4, are accomplished by
using two 1 inch bore, 3 3/4 inch stroke hydraulic cylinders
attached to the side of the power head case. The rod of these

cylinders is attached to a 1.500 inch diameter pin which slides
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through two '"dog ear'' plates, two inches apart and one inch thick
with 1.500 inch diameter holes, welded to the power head sleeves.
The sliding stop sleeves are located on power head stop guides at
an angle of 25° and a distance of 6 3/4 inches from the power head
guides. The power head stop guides, which extend from the middle
plate to top plate of the coring unit, are made of schedule 80, 316
stainless steel, pipe with an outside diameter of 2,375 inch. The
stop sleeves are made of 316 stainless steel schedule 80 pipe with
an outside diameter of 3. 500 inches. Two dowel pins, positioned
in the sliding sleeves, fit in a slot on the stop guides to keep the
sleeves from rotating out of position. Welded to the stop sleeves
are pieces of 1 inch plate, 2 1/2 by 4 inches., These slide between
the '"dog ears" welded to the power head sleeves. Three 3 inch
lengths of 3 inch pipe are welded to each stop guide to keep the slid-
ing stop sleeves in the correct position. With the power head stop
cylinders stroked in, the pieces of 1 inch plate slide through the
slots between the '""dog ears' on the power head sleeves allowing
the power head to move past the stops. With the cylinders stroked
out, the 1 inch plates on the sliding stop sleeves strike the 1,500
inch diameter pin in the '"dog ears' and stop the power head at

the appropriate position. The sliding stop sleeves allow the power

head to be stopped at the same desired position on upward or
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downward movement,

A quick release mechanism is incorporated into the lower
shaft-sub of the power head (see Drawing Number PH-02) so that,
in the event of an emergency, the unit may be released from the
drill string and returned to the ocean surface. Two hydraulic
cylinders {3/4 inch bore with 1 3/4 inch stroke) are attached to the
bottom of the power head case to keep a circular plate forced
downward. This allows a retainer spring to hold a sliding ball
retainer in position in the connection to the lower shaft-sub., The
two hydraulic cylinders were designed with a pressure sensing,
timed switch. Once hydraulic power is lost, the switch will open
the valve to the cylinders after 30 minutes has elapsed thus re-
leasing the pressure on the cylinders. In the event of pressure
failure to the two hydraulic cylinders, two fabricated spring loaded
cylinders will retract the circular plate, thereby lifting the steel
ball retainer. The balls will then be released from a groove in the
lower shaft-sub and separation will occur from the drill string.
The required drilling torque is transmitted through the quick re-
lease mechanism by interlocking teeth machined on the mating sub
ends. Machined on the bottom of the lower sub is 3 inches of
4 1/2 inch API internal flush threads for mating with the box end

of the drill pipe sections. The thrust is transmitted through the balls
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locked in the groove of the lower shaft-sub.
The springs in the spring-loaded cylinders were designed
using standard procedures (5) to maintain a constant upward force
of 80 pounds on the hydraulic cylinders. The ball retainer spring
was designed, using the same procedures, to maintain a force of
20 pounds downward on the retainer. In the event of hydraulic
failure, the upward force will be four times greater than the down-
ward force, thereby insuring that the unit be released from the
drill string. The specifications for the springs are as follows:
A. Retainer Spring - one
1. Material ASTM A313 stainless
Z. Wire diameter - ., 250 inch
3. Number of active coils - 6
4. Free length - 7 1/2 inches
5. Mean diameter - 5.500 inches
6. Spring constant - 5 pounds per inch
7. Solid height - 2 inches
8. Squared and ground ends

B. Release Springs - two
1. Material ASTM A313 stainless
2. Wire diameter - . 125 inch

3. Number of active coils - 16
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4. Free length - 9 inches

5. Mean diameter - 1. 750 inches

6. Spring constant - 5 pounds per inch
7. Solid height - 2.250 inches

8. Squared and ground ends

The upper part of the power head is made of 5 inch standard
steel pipe and has a 1 1/2 inch nipple welded to it. Attached to the
nipple is an electrically driven water pump which will produce
approximately 20 gallons per minute of flow at 200 psi pressure
down the drill line for washing cuttings out of the drill hole. In the
top of the upper sleeve of the power head is a 3 inch ocutside
diameter by 3 inch long nylon bushing with a 1,500 inch square hole
in it, The bushing seals around the 1. 500 inch square rod which
passes through it. The leakage between the bushing and square rod
was considered insignificant when compared to the total flow re-
quired down the drill line.

Also attached to the top of the upper sleeve of the power head
is a 1/2 inch bore by 4 inch stroke hydraulic cylinder used for
clamping the square rod extending out of the power head. The
cylinder is pinned to a lever arm which rotates a shaft with right
and left hand "jackscrew' threads. Two jaws are threaded on the

shaft. A counterclockwise rotation of the shaft will cause the
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jaws to be moved toward each other thus clamping the square rod,

The inside diameter of the lower shaft-sub of the power head
is 3. 750 inches and that of the upper part is 5.0 inches., The
over-all length of the power head is 5 feet 4 1/4 inches thus allow-
ing a 5 foot section of core barrel to be pulled inside by the

square rod,
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CHAPTER IV

TUBE STORAGE AND LEGS

The initial design of the storage compartments for the penetra-
tions tubes (drill pipe) and core barrels was to have consisted of
two separate spring-loaded magazines which would have moved the
tubes into position in preparation for coring. The physical size of
the magazines was too large to be contained in a compact unit and
still be moved to give clearance for the power head movement
which was initially to be located in the center of the unit. A
hydraulically operated magazine was considered but the stroke re-
quired for hydraulic cylinders made the cylinders too long for
containment within the unit.

The center line of the drill string and power head was there-
fore moved 23 inches off center of the coring unit and the drill
pipe stored around the inside of the unit. All core barrels were to
be stored in front of the corresponding drill pipes in the order to
be utilized. A core barrel would be placed in the drill line and
then pulled inside the power head. Then the stored drill pipe
behind the core barrel just removed would be placed in the line and
a sample cored. The full core barrel would be removed and stored

in the position that the drill pipe had occupied. Once the complete
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coring operation was finished, the drill pipes would then be stored
in front of the core barrels. This interchange of storage positions
would have necessitated the design of a clip mechanism to be strong
enough to hold the heavier drill pipe sections but not so strong as
to crush the core barrel when securing them. The design was also
further complicated by the fact that the core barrels had an outside
diameter of 3,500 inches and that of the drill pipes is 4. 500
inches. For these reasons the core barrels are stored behind the
drill pipes and off-set so that the first core barrel to be utilized is
stored alone in a compartment. This gave twelve storage compart-
ments with the last compartment containing only the last section of
drill pipe to be used. The drill pipes are stored on the same 23
inch radius as that of the drill string location from the center of the
unit,

There are eleven storage compartments for the drill pipe with
22 1/2o angles between the centers of each compartment. Each
drill pipe is held in place by two pairs of spring loaded chocks.
The core barrels are stored directly behind fhe drill pipe on a 29
inch radius (see Drawing Number AMC-02). The space between
the spring-loaded chocks is wide enough to allow a 3. 500 inch
outside diameter core barrel to pass through for storing in two clip

retainers made of spring steel.
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The first storage compartment is located at an angle of 45°
fron the drill string center line and has only the first core barrel
stored in it. Subsequent storage compartments are at angles of
22 1/2° with a drill pipe and core barrel stored in them. The last
storage compartment contains only the eleventh drill pipe section,
In the coring operation, the first core barrel is placed in the drill
line, connected to the square rod, and pulled inside the power head,
It must, therefore, be stored alone to be removed from its com-
partment. The first penetration tube {first drill pipe section with
drill bit) is then placed in the drill line to be made-up to the power
head, have the core barrel set into it, and core the first sample,
This leaves the second storage position with only a core barrel
stored in it, clear for removal, and ready to be utilized in taking
the second core sample after the first core barrel, full of core,
has been removed from the drill hole and is stored in its original
position,

Main supports for the storage compartments were designed
using 1 1/2 inch schedule 80 steel pipe, 6 feet long, extending from
the bottom plate to the middle plate of the coring unit and on a 31
inch radius from the center of the unit. Two sections of 1/2 inch
steel plate 3 1/2 inches by 5 inches long are welded to each main

support. The steel plates extend toward the center of the coring
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unit and are supported on the ends with 1 inch schedule 80 steel
pipe at a 24 1/2 inch radius from the center of the unit. These
plates form the compartments for storage fo the tubes. Welded to
the end of each 1/2 inch steel plate are sections of 1/4inch steel
plate to form retainers for the spring loaded chocks which keep

the drill pipes in their storage positions (see Drawing Number
HD-01). The chocks are made of a 3 inch by 3 inch section of steel
with a radius milled on one face conforming to the outside radius of
the drill pipes. Since there are ten standard drill pipe sections
with an outside diameter of 4 1/2 inches and only the first drill
pipe section with a diameter of 4 3/4 inches, all chocks were
designed with a 2 1/4 inch radius milled on a face. The difference
in radii of the first drill pipe and chocks securing it was not con-
sidered significant enough to design separate chocks for only one
section of pipe since the chocks will secure this section of pipe
also.

Two stainless steel lL.ee Springs, number LC-125M-3, are
used to force the chocks against the pipe. The springs have an
outside diameter of 1. 095 inches, a free length of 2 1/4 inches, a
wire diameter of . 125 inch, and a spring constant of 69 pounds per
inch. The springs were designed to have an in-service deflection

of .85 inch giving a force of 58.5 pounds per spring. With two
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springs a force of 117 pounds will be applied to the drill pipes at
four different points since two pairs of chocks are used to secure
each section of pipe. The spring steel clip retainers for storing
the core barrels are bolted to a section of 1/2 inch plate. The
plate is hinged and pinned to the main supports of the storage com-
partments. Once the plates are unpinned they swing open to allow
easy access to the core barrels.

In their storage positions, {(see Drawing Number AMC-01), the
core barrels and first drill string rest on 1/2 inch plate which is 5
inches above the bottom plate. The 4 feet 6 inch standard sections
of pipe rest on sections of 1/2 inch plate welded to the 1 inch
steel pipe supports. These plates are 11 inches above the bottom
plate. The clearance between the drill pipes and square rod
sections in the core barrels and the middle plate of the coring unit
is 1 inch. This gives a height of 6 feet 2 1/2 inches to the top of
the middle plate. It is an additional 5 feet 5 1/2 inches to the top
of the top plate of the coring unit to give an 11 feet 8 inches overall
height.

The three main plates of the coring unit are to be octagonal
in shape with a 6 foot side to side distance. The main supports for
the unit will consist of sections of used 4 1/2 inch standard drill

pipe which will be left over from the fabrication of the ten standard
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drill pipe sections discussed in Chapter II. Eight of these sections
will be utilized and will extend over the entire height of the unit.
The seli-leveling legs for the coring unit are attached to four
sides of the bottom plate (see Drawing Number AMC-02). They
were designed using 4 inch by 1 5/8 inch standard steel channel
welded to sections of schedule 80, 3 1/2 inch, standard steel pipe.
Alternating sections of like pipe are welded to the bottom plate and
to standard 8 inch by 4 inch "I' beams. The sections of 3 1/2 inch
pipe are hinged together with a 33 inch length of 3 1/4 inch outside
diameter steel tubing with , 375 inch wall thickness. The center of
this hinge is located 2 inches outside and 1/2 inch up from the
bottomn plate, The legs are five feet long with a 2 inch diameter
pin in the end for mounting a 24 inch diameter pad and the rod end
of a hydraulic cylinder. Four hydraulic cylinders with a 4 inch
bore were used for raising and lowering of the legs. They are
automatically controlled to level the unit on slopes of up to 15°,
The cylinders are clevis mounted on 2 inch diameter pins with a
solid height from pin to pin of 3 feet 8 inches and a stroke of 2 feet
5 inches. The clevis end of the cylinder is mounted 17 inches above
the bottom plate and 2 1/4 inches in from the side of the plate.
The leg is stored in the up position with the cylinder stroked in.

The 2 foot 5 inch stroke of the cylinder will move the leg through
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an angle of 125° allowing the legs to extend three feet below the
unit.

The legs were designed to carry a vertical load of 2, 000 pounds
each using standard procedures and theory (5, 7, and 10). The
maximum forces on the legs were found to occur when the legs
were in their most extended position. These forces were a com-
pressive force of 10, 460 pounds on the cylinder and a tensile
force of 9, 080 pounds on the leg. The 4 inch bore cylinder will
produce 12,560 pounds of force at 1,000 psi pressure. A 2 1/8
inch diameter rod was used in the cylinder. The rod was checked
for buckling for a 6 foot length and the critical force was found to
be 57,000 pounds. Thus the design of the cylinder was sufficient
for the service intended.

A 24 inch diameter pad made of one inch steel plate is pinned
to the end of each leg. The pads are used for stabilization of the
unit on the bottom. Triangular shaped 1/2 inch plates are welded
to the bottom of the pads to penetrate into the ocean floor. These
pads and the 1/2 inch plates keep the unit stable during rotary
operation in coring. Two extension retainer springs are connected
to each pad and leg. These springs aid in keeping the pads in their

stored positions when the legs are in their raised positions.
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CHAPTER V

TUBE HANDLING DEVICE AND PIPE SLIPS

A handling device was designed for the coring unit to remove

core barrels and drill pipes from their storage positions, place

them in the drill line in preparation for coring, and store them in

their original positions once the coring operation is complete. The

device has the following characteristics and capabilities. It:

1.

is located in the center of the coring unit in the tube
storage section and rotates about that point.

extends to a core barrel or drill pipe position and clamps
either one with the same clamping device.

retracts to remove a core barrel or drill pipe from its
storage position and indexes them to a position concentric
with the drill line.

contains a square rod clamp and connection release for
handling the square rod section in the core barrel.
secures drill pipe sections to make-up and break the
connection to the power head.

guides the core barrel when it is being pulled inside the

power head.
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7. indexes to be clear from the power head on its downward
stroke.

8. removes core barrels and drill pipes from the drill line
after coring and indexes them to be stored in their
original positions,

The main section of the handling device is welded to a 3.5
inch outside diameter steel pipe (see Drawing Number AMC-01).
The pipe mounts between an indexing mechanism on the bottom
plate and a 4-bolt flange bearing mounted on the middle plate of the
unit. The bearing takes a 2 7/16 inch diameter shaft which is
welded to the pipe. It is indexed by the mechanism in 22 1/2°
steps, clockwise or counterclockwise. This gives 16 positions for
the handling device. Twelve positions are used for tube storage
compartments and one for the drill string center. The remaining
three positions were utilized for clearance of the power head during
its movement., The positions are numbered starting with the drill
line as number "0" and progressing counterclockwise to position
number 15 {see Figure 7). The first core barrel is stored alone
in position number 2 and the eleventh drill pipe section is stored
alone in position number 13.

The indexing of the handling device was accomplished by using

a Geneva type indexer. It consists of a 12 inch diameter ''gear"
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st Core Barret & Orill Pipe Storage Positions
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Figure 7. Tube storage and handler positions,
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with sixteen 1/2 inch slots and is keyed to a shaft which is flanged
to the pipe of the handling device. A 1/2 inch pin rotates on a
radius of 1.300 inches, engages into a slot on the indexer, and
rotates it 22 1/20 for one rotation of the pin (see Drawings Number
IM-01, IM-02, and IM-03), The pin is attached to an 8 inch pitch
diameter spur gear driven by a hydraulic motor, Torgmotor MARB
08 series, TRW Ross Gear Division, Lafayette, Indiana. Since
the indexing device only operates when the power head is not
functioning, the same hydraulic pumnp that furnishes power for the
power head can be utilized to operate this motor through adequate
throttling and pressure regulating., With 2 gallons per minute of
flow at 800 psi pressure, the Torgmotor will produce 602 inch-
pounds of torque at 60 revolutions per minute., With the 4 to 1 gear
reduction the 1/2 inch pin will rotate at 15 revolutions per minute.
The pin has an engagement angle of 120° with the indexer, thereby
giving it 240° of dwell movement. During this dwell, a 1 3/4 inch
diameter slotted shaft fits a similar radius between the 1/2 inch
glots on the indexer to keep it stationary while the pin is not
engaged in a slot. Electrical proximity switches are used on the 8
inch diameter spur gear to stop and start the hydraulic motor to
control the number of revolutions desired,

The bearings used on the 2 inch and 8 inch spur gears were
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New Departure Bearings Number 3L08 with a bore of 1.575 inches,
an outside diameter of 2.677 inches, and a width of 1. 591 inches.
Two such bearings were utilized for each gear. The shaft to which
the indexer is keyed utilized two New Departure Bearings Number
3213 with a bore of 2.559 inches, an outside diameter of 4. 720
inches, and a width of . 906 inch. The case of the mechanism was
designed using steel plates and pipe. It is filled with a light gear
oil and pressurized with nitrogen through a demand regulator to
maintain a 5 psi differential between the inside and outside of the
case.

The handling device consists of a 1 inch bore hydraulic cylinder
with a 13 3/4 inch stroke {see Drawing Number AMC-01). This
cylinder extends the clamps mounted on a one inch steel plate to
either the pipe or core barrel storage radius. The one inch plate
is attached to two 1 1/2 inch diameter steel rods 18 inches long.
The rods are guided in 2 1/2 inch outside diameter, 1 1/2 inch
inside diameter steel tubes which are welded and braced to the 3.5
inch cutside diameter pipe of the handler. These rods carry the
weight of the handler and drill pipe sections. A 1/2 inch bore
cylinder, with a 2 1/2 inch stroke, moves a pin into position to
stop the extension cylinder on a 7 inch stroke when removing or

storing drill pipe sections or placing tubes in the drill line. When
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the cylinder is not activated, the extension cylinder will stroke 13
inches out to remove or store a core barrel.

The two sets of clamps employed with the handling device were
designed to clamp both 3 1/2 inch diameter core barrels and the
4 1/2 inch outside diameter of the drill pipes (see Drawing Number
HD-01). The main section of the clamp is 6 inches long with a
2 1/4 inch radius milled on its clamping face which corresponds to
the outside radius of the drill pipe sections. Clamping action was
accomplished by using a 3/4 inch bore hydraulic cylinder with 1 3/4
inch stroke on each clamp. When the cylinder is stroked in, it
engages a linkage system which forces the clamps against the drill
pipe. An air ballast is used in the hydraulic lines to these
cylinders. When the cylinders are stroked in to a clamp position,
the valves are closed to lock the cylinders into place. The air in
the ballast will be pressurized to 1, 300 psi and for small leakages
of fluid, the decrease in pressure against the cylinders will be
very small, This locking of the cylindere while handling sections
of tube is necessary to insure that the clamps are not released
and the tubes dropped in the event of a short power failure. The
3/4 inch bore cylinders produce 331 pounds of pull at 1,000 psi
pressure and the linkage system multiplies this force so that

opposing forces of 2, 500 pounds will be placed on the drill pipe by



46

each set of two clamps. This force is required to secure the drill
pipe when making-up and breaking the connection to the power head.

Each clamp set has two opposing spring loaded steel blocks
which fit inside the milled face of the clamp. These blocks are
utilized when clamping a core barrel since the force produced by
the clamp would crush the plastic barrels if they could reach the
smaller diameter. Therefore with the clamps engaged, the steel
blocks are forced against the core barrel to secure them for
handling. Four Lee Springs number LC-067J-7, Lee Spring
Company, Brooklyn, New York, are utilized in each block., They
have a wire diameter of . 067 inches, an outside diameter of . 720
inches, a solid height of .606 inches, a free length of 2 inches,
and a spring constant of 15. 5 pounds per inch. With a .85 inch in-
service deflection, the springs will produce a force of 52. 7 pounds
to force the blocks against the core barrels in each set of clamps.
Each block is retained in the clamp face by two 1/4 inch set screws.
When clamping drill pipes, the blocks are forced in thereby allow-
ing the main portion of the clamp to contact the pipe.

Attached to the top of the 3.5 inch diameter pipe of the handling
device is a square rod clamp and connection release mechanism
(Square Rod Clamp and Release Number 1}). This mechanism is

utilized to secure the square rod extension in the core barrel and
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release the connection when taking a full core barrel from the drill
line. It consists of a 3/4 inch bore hydraulic cylinder with a 12
inch stroke to move a 3/4 inch bore, 1 inch stroke clamping
cylinder and a 3/4 inch bore, 1 inch stroke release cylinder into a
position concentric with the drill string centerline. The device

is guided by a 1 inch diameter steel rod inside a 2 inch outside
diameter steel tube. The steel tube is welded to the 3.5 inch
diameter pipe (see Drawing Number HD-01). The 3/4 inch bore
clamping cylinder is stroked 1 inch out and actuates to an over
center linkage system to engage the clamp on the 1 1/2 inch
square rod to secure it. Another 3/4 inch bore cylinder is posi-
tioned 5 inches below the top of the square rod extension in the
core barrel and facing the bottom portion of the lever in the square
rod connection. When this cylinder is stroked 1 inch out, the rod
of the cylinder contacts the lever, depresses the spring behind it,
and rotates the top of the lever out to disengage it from the male
pin of the connection. The square rod joint can then be pulled
apart thereby breaking the connection. The clamp and release
mechanism is only utilized when a core barrel is placed in or
ready to be removed from the drill line. Otherwise it remains in
its stored position to stay clear when handling drill pipes or core

barrels,
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During coring, the top of a drill pipe section is drilled down
by the power head to a position 4 1/2 inches above the bottom plate.
At this point, a set of hydraulic pipe slips clamps the 5 7/8
diameter of the box end of the drill pipe section. Another set of
breaking slips clamps to the 5 7/8 diameter sub of the power head
and another cylinder rotates these slips to break the joint. The
breaking slips were needed because the power head places 1, 000
foot-pounds of torque on the joints in make-up and drilling, which
would not be sufficient to break the joint. Therefore, a set of
breaking slips were designed to produce 1, 500 foot-pounds of
torque for breaking the joint.

The pipe slips utilize two three inch bore hydraulic cylinders
with a two inch stroke, The cylinders oppose each other and move
two steel blocks against the drill pipe (see Drawing Number PS-01).
Each cylinder will produce 7, 068 pounds of force at 1, 000 psi
pressure to secure the drill pipe and keep it from rotating when
breaking the joint. The steel blocks are 4 inches high and 6 inches
wide with a 2 15/16 inch radius milled on one face to conform to
the outside diameter of the box end of a drill pipe section. Attached
to this face are pipe slip inserts with hardened teeth to aid in
gripping the drill pipes, A steel block is pinned to the rod of each

cylinder and guided on each side by 5 inch long sections of one inch
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plate welded to the bottom plate.

A set of pipe breaker slips is mounted on a moveable 1/2
inch steel plate. This plate rotates about the drill string center
line on a stationary 1/2 inch plate which is mounted 1/2 inch
above the pipe slips (see Drawing Number P5-01}). A 3 inch bore
cylinder with 1 3/4 inch stroke actuates a linkage system to force
the clamps against the 5 7/8 outside diameter of the power head
sub, The faces of the clamps contacting the sub have a 2 15/16
inch radius milled on them with pipe slip inserts attached to them,
The 3 inch bore cylinder produces a force of 7, 068 pounds at 1, 000
psi pressure. With the force multiplication of the linkage system,
the same force will be placed on the sub by the opposing clamps.
A1 1/2 inch bore cylinder with a 6 inch stroke is pinned to the
breaking slips mounting plate 11 inches from the drill string center
line, This cylinder will produce 1, 767 pounds of force at 1, 000
pei pressure to produce up to 1,620 foot-pounds of torque on the
drill string connection when the breaking slips are engaged. When
this cylinder is stroked & inches out, it rotates the mounting plate
of the breaker slips 30° counterclockwise. This rotates the
breaker slips and the sub of the power head while the pipe slips
below keep the drill string stationary. The breaker slip clamps

are then released and the breaker cylinder retracted and the
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operation performed again to insure that the connection is sufficient-
ly broken for the power head to rotate the connection apart with

its own power.
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CHAPTER VI

SQUARE ROD MAGAZINE

The 1 1/2 inch square rods utilized in the coring unit are stored
in a separate magazine above the power head., The magazine is at-
tached to two 16 inch long sleeves that slide on the power head guides
(see Drawing Number AMC-01). In the coring unit's stored position,
the power head is down against the bottom tubes of the guides. The
square rod magazine is down with its sleeves shouldered against
the sleeves of the power head. Just prior to the coring operation,
the power head is raised to its top position carrying with it the
sguare rod magazine. Two square rod magazine locking cylinders,
of 1 1/2 inch bore and 4 inch stroke, are utilized to move 1 inch
diameter pins through holes in a 1 inch steel plate attached to the
square rod magazine sleeves, {(see Drawing Number AMC-01). This
locks the square rod magazine in the up position and its siceves
form the top stop for the power head (Power Head Stop Number 4).
The square rod magazine is in this position, extending 7 feet 3 5/8
inches above the top plate of the unit, during the coring operation.

The magazine is made of angle iron and steel plate, The square
rods are stored in the vertical position and are fed to a position con-

centric with the drill hole in a clip type fashion. The first square



52

rod is 6 feet 11 1/2 inches long not including the 3 3/4 inch long
male pin on the bottom. The eleven remaining square rods are 4
feet 6 inches long, which corresponds to the length of the drill pipe
sections. A back up square rod is utilized in the magazine to keep
the other square rods vertical. Attached to the back up rod are two
3/16 inch cables., The cables run around a pulley and attach to two
extension springs. The springs maintain a force on the backup rod
to pull the square rods toward the front of the magazine to a posi-
tion concentric with the drill hole.

A square rod head was designed to move the square rods to
connect to the square rod section in the core barrel. It consists
of a 4 inch length of square rod with a 3 3/4 inch male pin for
connecting to the female connections in the tops of the square rods.
This head is stored above the first square rod over the drill hole
and is guided by the angle iron of the framework of the magazine.
Welded to the head is a section of 3/8 inch steel plate, 4 inches
by 4 inches. This plate is welded to a 4 inch length of 2 7/8
inch outside diameter standard steel pipe. This section of pipe is
guided by a Z 3/8 inch outside diameter standard steel pipe which is
a part of the square rod magazine and extends over its entire length.
Attached to the top of this pipe guide is a pulley which a 1/4 inch

steel cable passes over and is attached to the top of the 3/8 inch
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steel plate of the square rod head. Another section of cable is
attached to the bottom of the plate and both cables connect to a
winch at the bottom of the square rod magazine. The winch is
driven by a hydraulic motor, Torgmotor MAB 08, TRW Ross Gear
Division, Lafayette, Indiana. The MAB 08 Torgmotor will use 2
gallons per minute of flow at 1500 psi pressure to produce 1, 145
inch-pounds of torque at 38 RPM and a stall torque of 860 inch-
pounds. The motor also has a no-load speed of 73 RPM., With a

6 to 1 gear reduction between the motor and the drum of the winch,
6,870 inch-pounds of torque at 6. 33 RPM will be available to move
the square rod head. The drum of the winch will be 6 inches in
diameter. This gives the winch the capability of producing 860
pounds of pull which is sufficient to pull a full core barrel out of the
drill hole with all sections of square rods attached. The drum speed
of 6.33 RPM will give a square rod line speed of 2 inches per sec-
ond. The no-load speed of the square rod head will be twice as fast.
Since the winch on the square rod magazine is only functioning when
the power head is not in use, the hydraulic pump furnishing flow to
the power head motor can also supply this motor. The square rod
head can, therefore, be moved to connect to a section of square rod
and force the rod down to make-up to a section of core barrel, and

then be moved up to pull a core barrel inside the power head.
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Several stop positions are utilized for the square rod head. To
stop the square rod head on its downward or upward movement at an
intermediate position, a 1/2 inch bore hydraulic cylinder with a
1 1/2 inch stroke is utilized. The cylinder moves a 3/4 inch diam-
eter pin (see Drawing Number SR-01) into the path of the 3/8 inch
plate of the square rod head and stops it in the desired position,
There are three intermediate positions at which the square rod
head must be stopped and two of these must be on the down stroke
as well as the up stroke of the head., This requires the use of five
stop cylinders., The stops are numbered from the bottom to the top
of the square rod magazine as follows:

A. GStop Number 1 - 4 inches above the top of the unit, the
bottom position of the square rod head, utilized to posi-
tion the piston in the bottom of the core barrel to begin
taking a core sample. A 1/2 inch bore, 1 inch stroke
cylinder is mounted on the magazine 5 inches below this
position to break the square rod connection {Square Rod
Release No. 2} when additional lengths of square rods are
to be added. The cylinder functions like the release cylin-
der discussed in Chapter V.

B. Stop Number 2

1. Down Stroke - 1 foot 4 inches above the top of the unit
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atilized to connect the first square rod into a core
barrel below the power head so the core barrel can be
pulled inside it.

2. Up Stroke - 1 foot 8 1/8 inches above the top of the
unit, utilized to stop the first square rod when pulling
a full core barrel from the drill hole, this positions
the core barrel below the power head to be disconnect-
ed from the first square rod by Square Rod Release
Number 1 and removed from the drill line by the
handling device discussed in Chapter V.

C. Stop Number 3

l. Down Stroke - 4 feet 10 inches above the top of the
unit, utilized to make-up to a standard square rod
section when adding additional square rods, also
utilized to move the core barrel down while connect-
ing the power head to another drill pipe section so
the barrel will not interfere with the power head's
downward movement.

2., Up Stroke - 5 feet 2 1/4 inches above the top of the
unit, utilized to stop the head when pulling square rod
out of the drill hole in removing a full core barrel.

The Square Rod Release Cylinder Number 2 is used
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to break the connection to the lower square rod at the
bottom of the magazine. The square rod clamp on the
top of the power head (Square Rod Clamp No. 2, dis-
cussed in Chapter IIT} is utilized at this time to secure
the square rod below the magazine while storing the
section just disconnected.

D. Stop Number 4 - Up stroke only, 5 feet 6 1/4 inches above
the top of the unit, is utilized to stop the head when re-
moving square rod sections from the drill line. It stops
the square rod in a position ready to be stored in the mag-
azine. A 1/2 inch bore, 1 inch stroke connection release
cylinder (Square Rod Release Number 3) is mounted on the
magazine ¢ inches below this position to break the con-
nection between the head and square rod section.

E. Stop Number 5 - top stop of the square rod head, 7 feet
3 1/4 inches above the top of the unit, is utilized to pull
the core barrels inside the power head.

Two 3/4 inch bore, 1 3/4 inch stroke hydraulic cylinders were
used to store standard sections of square rod when removing them
from the drill line. They are located on the side of the square rod
magazine. One is located 1 foot above the top of the unit and the

other is 4 feet 6 inches above the unit. The cylinders are attached
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to sections of steel plate that fit around the edge of the square rod
and allow the plate of the square rod head to pass by them (see
Drawing Number SR-01). With the cylinders stroked out, a square
rod is moved into position to be utilized, When the head is dis-
connected from a square rod and moved clear, the cylinders are
stroked in pulling the square rod back into the storage position.
The head can then be moved down on the outside of the sections of
plate to connect to the next square rod in the bottom of the magazine.
As the next square rod is pulled into the magazine, electrical
proximity switches are tripped by the head to stroke the storage
cylinders out as the headnears them. The square rod being pulled
into the magazine will keep the other square rods in their stored
position and this will allow the next square rod to pass inside the
plates attached to the cylinders for storage when the head is dis-
connected. When square rods are being added in the drill line, the
square rod head trips additional proximity switches to stroke the
storage cylinders in after the head passes the plates. This keeps
the stored square rods back until the head has moved back up and

is ready to pick up the next square rod.
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CHAPTER VII

POWER PACKAGE AND OPERATION SEQUENCE

A power package is mounted on the middle plate of the coring
unit. It contains a leak-proof 10 horsepower electric explosion
proof motor to run two hydraulic pumps. One pump is a Sundstrand
Series 21 variable displacement pump to furnish flow to the Sund-
strand hydraulic motor on the power head, the MAB 08 Torgmotor
on the indexing mechanism, and the MAB 08 Torgmotor on the
square rod control winch. The other pump is a variable displace-
ment type which furnishes flow at 1, 350 psi pressure to the Gear-
matic winch on the power head and at 1, 000 psi pressure to all
hydraulic cylinders.

Power is furnished to the electric motor through an insulated
power-tension cable which runs to the surface ship. The cable
attaches to a lifting eye on top of the coring unit and has a capacity
of 25,000 pounds. The cable is then run to the power package com-
partment and connected to the electric motor.

The power package compartment will be constructed of 1/4
inch steel plate and welded together using current ASME standards,
(see Drawing Numbers AMC-01 and AMC-03). The compartment

will be filled with a light non-conductive oil and pressurized with
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nitrogen through a demand regulator to maintain a 5 psi pressure
differential between the inside and outside of the compartment
during lowering and operation of the unit. Since the pressure on
the outside will decrease when raising the unit, sufficient relief
valves will be installed in the compartment to maintain the 5 psi
differential. This is necessary to keep from rupturing the sides of
the case.

All electrically controlled valves and manifolding will be lo-
cated on the sides of the power package compartment. All hydraulic
lines will extend from this manifold to the cylinders and hydraulic
motors in the coring unit.

All hydraulic cylinders utilized in the automatic coring unit will
be manufactured under the same specifications. Operating pressure
for all cylinders will be 1,000 psi with a safe operating pressure
for seals and materials of 5,000 psi. The rods for the cylinders
will be made of 316 stainless steel because of its corrosive resis-
tance to sea water. Rod wipers will be installed to keep the rods
cleaned during service. The bores of the cylinders will be chrome
plated to increase their resistance to the sea water, See Table 1
for a list and specifications of all cylinders.

An operation sequence was established during the design of the

automatic marine coring device using all hydraulic and electrical
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Rod Forco @ 1.000 psi Typa of
No. Furttian Bors Dia. Stroke oo Push Pull Type of Rod End Mount Length* Mo. Reg.
1 Power Haad Quick Releass 4 a8 13/4 11/4 443 am 1/4 - 28 NF Female Thd. Enc Piate  313/18 2
1/2 Doop
2 Leg Contral 4 21e ] 53/ 12566 9O20 2. 12 NF Mabe Thd., Clewis A4 4
3 Souars Aod Magazine 1112 5/8 4 23018 1167 1460 3/8-24 NF Feruin Thd. EndPiata 8344 2
Locking 11/16 Dwap wiRed
Clavis
4 Handiing Device Extension 1 11118 13 3e 1142 785 414 F/1€ - 20 NF Female End Plare 18 1
Thd. 374 Deap
5 Hanwd ling Drevica Extantlon 12 174 2172 1 186 147 1/4 . 78 NF Mala Thd. Front Plate 4 1/4 1
Srop
a Handiing Davice Clamp1 g im 13m 11/4 447 s 1/4 - 28 NF Female Thd. End Plate 313116 2
112 Desp
7 Sguare Rod Clamp No. 1 174 k1] 12 11/4 442 33t 1/4 - 28 NF Ferrwle Thd.  End Plate 14 118 1
Extersion 172 Dotp
4 Square Rod Relesse No. | 12 144 1 1 196 147 B - 32 NC Fomals Thd. Front Plate 2 161§ 1
3/8 Daep
9 Square Fod Asissse No. 2 12 1/4 1 1 196 147 6 - 32 NC Famale Th. FrontPlate 2 15/10 1
38 Deap
10 Souwe Rod Aelesse Mo, 3 12 1/4 1 1 196 147 6§ - 32 NC Female Tha. Front Plate 2 15/16 1
3/8 Deap
Tt Square Aod Clamp No. 1 12 1/4 1 1 196 147 1/4 - 28 NF Mala Thd. FrontPlate 311716 1
w/Rod
Clievis
12 Seusare Acd Clamp Mo, 2 112 174 4 1 196 147 174 - 2B NF Male Thd. Clavis 738 1
13 Square Rod Storage 3/4 38 13/4 114 442 M 1/4 - 28 NF Famale Thd,  End Plate 31318 H
1/2 Deap
14 Drill Pipe Slips 3 1718 2 4 068 5445 3/4 .16 NF Famala Thd.  End Plata 8t/ 2
15/6 Deap
16 Crill Pipa Brosker $hips 3 12416 13/4 4 1068 5445 34 - 16 NF Female Thd.  End Plate ki 1
1 5/8 Daep
16 Drrill Pipe Brasker 1142 5B 4 2316 1787 1460 S8 - 18 NF Mals Tha, Chewie 12 1
17 Power Haad Stop 1 116 A3/4 1122 785 636 5/16 - 24 NF Famala End Plate 6 5/16 2
6/8 Deap
18 Square Rod Stop No. 2 Down 1/2 1/4 1172 1 106 147 1/4 - ZBNF Male Tha. Fromt Plste 3 7/8 1
19 Square Rod Stop No. 2 Up 172 1/4 1172 1 196 47 1/4 . ZANF Mala Thd. FrentPlote  37/8 1
] Square Rod Stop No, 3 Down 142 1/4 1172 1 196 147 1/4 - Z8 NF Male Thd, Front Plete 3 7/8 1
il Square Rod Stop No. 3 Up 172 1:4 1172 1 196 147 1/4 - 28 NF Male Thd. Front Plms  37/8 1
n Square Rod Stop No. 4 Up 142 1/4 1172 1 196 147 174 - 2B NF Male Thd, Front Plawe 3 7/8 1

*Langths ars givan as sulid height kngth — (pin to pin center on clevis mounts and end 1o rod connection on plate mounts).
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equipment. Many steps are repeated during the process of taking
eleven core samples. The steps required were broken down into
operation groups, where an operation may require 1 to 15 steps to
complete it but is repeated several times in the coring sequence.
-An example would be the operation of adding standard sections of
square rod to position the piston at the bottom of the core barrel.
Nine separate steps are required to add one square rod but the
steps remain the same for each additional square rod added. When
the last core sample is being taken, eleven square rods must be
added in the drill hole and, therefore, the operation of adding
square rods is repeated eleven times to take this one core sample.
The operations sequence has been broken into 17 separate
routines that are combined to make the complete control program.
There are 3, 107 discrete steps involved in the operation to take
50 feet of core and the sequence diagram is rather lengthy so it is
not included here. It does lend itself, however, to being simply
controlled by relays and stepping switches and this control system

is near completion.
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CHAPTER VIII

CONCLUSIONS AND RECOMMENDATIONS

The design of the automatic marine coring device was the first
phase of a project being conducted under the Sea Grant Program at
Texas A&M University. The program calls for the design, con-
struction, and testing of such a unit. The design presented com-
prises a unit which, to date, has not been available to marine
mining activities, It meets all requirements set forth in Chapter
I. The only limitation to depth of water at which this unit can
operate is the number of nitrogen bottles needed to keep the encased
equipment pressurized through the entire coring operation.

Similar power equipment and components of the coring unit
are used successfully throughout industry. Therefore, presented
here is the design and method of application of equipment into a
functional unit to perform an underwater coring operation without
the need of logistic support from the surface, which until this time
was lacking. It is therefore recommended that the construction
phase of the project be initiated and that, during this phase, suf-
ficient model building and testing be conducted to reduce as many

trouble areas as possible.



10.

63

LITERATURE CITED

Bouma, Arnold H., Methods for the Study of Sedimentary
Structures, lst Edition, John Wiley and Sons, New York,
New York, 1969.

Burns, R. E., "A Note on Some Possible Misinformation
From Cores Obtained by Piston Type Coring Devices," J.
Sediment, Petrol., 33, 1963, pp. 950-952.

Emery, G. R., and D. E. Broussard, "A Modified Kullenberg
Piston Corer,' J. Sediment, Petrol., 24, 1954, pp. 207-211.

Emery, K. O., and J. Hulsemann, 'Shortening of Sediment

Cores Collected in Open Barrel Gravity Cores, ' Sedimentology,
3, 1964, pp. 144-154,

Faires, Virgil Moring, Design of Machine Elements, 4th Ed.,
The MacMillan Company, New York, 1965,

Kermabon, A., P. Blavier, V. Cortis, and H. Delauze, "The
'Sphincter' Corer; A Wide Diameter Corer with Water Tight
Core Catcher," Marine Geol., 4, 1966, pp. 149-162.

Manual of Steel Construction, 6th Ed., American Society of
Steel Construction, Inc,, 101 Park Avenue, New York 17,
New York.

New Departure Handbook, Ball Bearing Catalog, Volume 1,
24th Ed., General Motors Division, Briston Conn., 1960.

The Timken Engineering Journal, Section I, The Timken
Roller Bearing Company, Canton 6, Ohio, 1957,

Timoshenko, 5., Strength of Materials, Third Ed., D. Van
Nostrand Co., Inc., Princeton, New Jersey, 1955.




F—I | Wiz

B ) LW
| f
il: : :
i - i
i |
\
i '
i |
Il |
i H
i ‘(
1 ! !
[
i | 1
HER STOP £YL HO 4 LUP |I
1= !
L STOP CTL NG 5 UP !
i ]! ¥
| — €0 ROD STOP CTL MO 3 OOWN o
~ SG ROD PMELEASE CYL MO 3
56 nop = .
STORAGE c\’l.\g_ ' !
4
|
I 94 ib——= =
it
i|! i
I
i i
| 1 B
! : I I/_saum: ROD MARATIE
I
i [i |
Jf
|
1l :d
il 1 V2 BIPE SURRORT |
WORISSIK 4-8 —
Al EHEAVE ‘n‘] ; {r
il )
1
i A
"y ‘
! A
iR N
1 : ]‘
! $G ROD STOP Cri b
: S KO 2 Uue E
I [
ik 4. ROD STOP CYL
NG 2 DOWM E
50 ROD W p——— ] T
STOMAGE CrL L ¥
H
| 50 NOD RELEASE CYL NG 2 N
|
il vz oia } T P
MCEISSICK 10-6 : ! N H TR T
EAVE
b i . y jrlelviel W ilulilolv)
BN fo: M 1
! i
[Avuautu vy ’\ly o] g o Ll S AATLAILALAR AN AN LLLARALALALR R AR WY AT AT LVLTR VR R, AR . [ s oauTs o
T T 1
J 2 54 wzi : \
firl b [ % | — n1a ; |
! X I, I
D) 1| = G
) i ‘ | | |
™) =) ! | 1
N .
1 | MCRIGSACK Goi=B —— =
Vo SHEAVES J\$
el I ‘( (@11,
i : e | ‘ 1|5
I
i ! P, [
S h T ]
1| ) ¥ |
Lo 1 ) |
vl 1 |
i | |
A |
3 0
| | POWER HEAD = )
— ! ! }““ pwe Pu-oL08 ELECTRICAL AND |
WYDRAULIC
i al : CORTROLS I 65172 Hl !
; Cr\‘ ' | [N
N [ Hod
. Pl POWEM HEAD STOP
boph L [ CrLINDERS
9=3rd { : — I ] |
1 ]' 1 I i
I
i |
] 1 '
|
- | | | |
I
POWEN COMPSRTHENT | J/i f r
| i Vo _HP === 7T
5-1/2 2 . e e e | FRAME 236U
i e | FLECTRIC
[ LT | WOTOR
] I 5 THAN -
' - HYDRAULIC OIL 1 3
T | RESEAYOIR 1 2
| i
— I y . :
! _ e —
— F——== - L —_—=
L}
\
i i 140 i . awria -5 € a7 ——
- 2] e e £ S
| AN TR T T TR R R LR ATTARARAL LAY AL LA LR LR ALILTHAA LA LA A,
! ; F SOd 2-T716 — i
| FLAMGE SEARING
i |
. I |
i (- P b
FT b il
L =N T LUK
1 I ] .
56-1r4 I
||
| L < ‘
[
1 }
t l | . i
i - :
23 23 4= |
¥ STANDARO DRILL : E i
FIFE JOINT
(SEE DR. DP-0I) 73 ‘ i
r
3 &l ‘ ; lf =
P
I
\ CORE BARREL v
P iR ‘ /‘_*E R e Ll
; e ! ! T84
' b o M Ik
: (BT 1 ] TURE HAN
1 ¥
1
"

-

)
] ]
) 1
1 ]

i
77 TS ANANANANNN R R T R R R

l h (ssr‘."&u S on
: ledae | 4§ DRl
. | el e
: " | (HE—-01) |
! TOR oR
: Bt _¥F
M
: BREAKER $LWP% i = l'u - ‘.._ )
1 '“5 DR NO = :
| 5= G1) : = | e : i
h PIPE SLIFS (SEE s;ﬁﬂl% I e T
! -0, 02, 03 | I
1| n
| o - - I
E l
NN

NN NN DN N SN e, SN SN
& wF 20 )

40 %

&)

(Y

¥
LR E
|

ELEVATION DETAILS

e
N I e
- -

o, T s - -

M T isbn base AUTD MARESE CORER o £ DEFT

L

- i e oy
i_-.‘..‘_ — T ONATIC BAMME CORER A SSEMILY)

- s et
FIETH -—
e ] AMC -0l

3




riieim—.

0470274 ~31¥C

20-Dwv_ |

] C YT _....lu,m_n, I

L] mu.. anv
WYL LNOLLY W0 us.zn:.mf

Ad3d I N HIHGDY ANEYH D_._..i
aaL CWaleris m1avied
ALBUTA N WRY EYRIL
oo

CTEIF I,

/

FE-5 TIOOM

HIHIM Q._.;uww

]

O-Hd
335
EE T

-0 O
CERLIC]

135>

7

Ry

iy

[3TYI5 QI4)
Tvi3q 937 RS
“¥iQ v AWNOM SIATTI HLIW
YIMHMAT 937 M0H b
et o .
== @ N
(i il ] 3N
FEFH 2
! _ ; v
Dot d | S
HIANEIAD |4 -
IL0E ¥ -
aNg 4
i O
3did TWHD 271 ¥ ]
SULBOGANS NIvH—~]
..uzﬁ:u\
-] ! a5 2%
|
| VS
HilmW g(ﬂ OI e
{21 9 o
. | A
LH0-04 TN HO 3353 )
._ ﬁ a y 5ai 13 3did THGd T
) Sl |
L T. PN 27 0 (IBYYE F40) u3d 23
SONI OFHEH O8Y JiT) MO
..q. 1708 HUM i ZARERE—")
ot
wv3a- wne—|
ld40ddns 931 C
v-v -z
Adid 2A§ haidl WE 9| — 4
o Y .._\| Y Jl| .._u LG8 B I— -, ’
{ | ) . s
= = — 7
! b
, Ll 5% )
' N,
1 N ™,
e )
- F 4
i
i
N ,
S 937 Hld 2
_v LA 1HOddnS 1Y |
i3 ——Hz
(W ——
ol

P

wxomhw & T W0 25
HIONMAD d01S

tgo-m’ nOi 1=
WINION D

ez

{




CO-OWY,_ [ O AT

g | Bidid r»w
BNYId §2330 <Ol ONY
ANIMLOYdWOT dIM0d

.
Ad30 I W HIB0D INISYN QLN
— — a8 i

TR anann s B .

ALGNWINWS MDY SYKIL TR L X

A T e moean

PRt

NV Ild INIFWLHYIWOD dIMOd N¥Td ¥M330

doL

INOYLS Wi £ IWQE 1
TAZ dOLS QVIH HIMODd
NS 4015
/ Q¥3H BIM0d
-
7/
-
-
P
-
s
e - THOHLS ¢ Tgod B 1
s A% LI NNOOT
. Iqn " INZvoYW GoH
L rIH YIM0a ~
- N
\.\ ~
\\ A
S ../Jlf/r
- ST 0731 yIn0d " 1w WoLLoE
O . H SLHOAANS MIYW ! __1 MITYEV (08 Jyenos =
i ' 3did Qo 2w I | } 4
iy H | | I '
e - F——tr - —— — —=i-——= [ : s EL] i | | 1
! “I = 1 L~ | _ 343 oNILa | |
l I R Nt S |
| | | | N b
] “ T I - i
[ S T £ B it Rt
_ i B \ "
I LLECRR-FEY _
| | |
| .
JUELIVLEL LR —31vd 3T0am
| _ WIMod Ja _
EATE 43
4\; ! 5 ,_*.
'
O - 1 — — — —3— - - - — i
) .
N
1
A | |
! |
sro i
NITOBLIN L
I i, N I
[T
, | smamiman
i || 2rnesdam
i 1 ANY
I ! | IAELTEERE
A
=
N T
s




" GL/®/_ AN n
0-90 e -

T am
IeLH] v QHY Teivd EC-C T .

1430 AW 30O JmWN OLW
WEL Twsigwat jERvIER -
R
i e

(4,

“SOHL

TR HIMD
T Qus uid
dVL ONY 1160 Vot

F
L
wal 11vE i
030¥01 wz_E_m\.

TS d7) TIEEvE JAd
FMO0H D ALS M
PO ERE T VS, _
= wEoeg -
_r_.muu.“_l._dm AHE — | _
3 ST
@ p
I
- r4
4 - ¥
1
__ |owex _ _ _ q
888 sere [esg.o0e T
3
( ¥
- S,
- SN h R

owrH Li3”

Dl ONNTLIM TR

Y37vdS 4V

A
+ !
#
e Y/
'
e
||||\\\

Y3H3IVD 3000

WAOLYD 00




Qis148 va
20- mUll Taioh s¢

WYLIQ Q0N FUWNDS ONY MOLSH

r

El th) qu YW 0L 3‘.

'
I
T
1o
Led

z—LJ

Lﬁh{

.
_\. ||||| H .|u...||_—_7||.,.llll
_\,_. o UL A
P -t

nluu.huullr_ ||||||||| I _.1|||||; o

(dri ) TIFE 0IAYOT INRAT 27T

s |20 [weE]w | we | ¥ |24 [pas|we feas | 0 I [enr [we-t [2nen 1
S | jovuc| e e | ¥ | 21 |waE | e |2 | 0 | 2 [ wEt [weeis "
k) — | — | ™ e LJ zn (s | — | — 1 | 24 [P we-a 1"
i
a | m " ¥ r 1 " 0 EAARAERE v | e
_qP I

@Al $TE QIOVDT ONIDES HOd FHOH wl—
Mid ¥O4 TI0H g7 -—

|

NN

[ S T _
1 TR dfo |
R _
L o A P—— —
hS T I IST RN
T B B
Ll \Mr/ < I:

_T\\\a\

————— JAWA
HI3HD TE i
d¥L ONY B0

NN

AA00HD QLS w
SN0 PEE [N L

M 1

+

Iug B8




0L AT OF

10-d0,,.1—

TN T

WG LNOM THYONYLS
¥ CIGWISSY LHON WMOLICE
1430 3 W

5k8 E L] 0._.31

Eﬁ.!._ Wy seAn
e imiAT

ﬁr

WLIG INIOM OHTONTLS

N M TN v o
L

>4

RrTrRRHHieNN

=\

o s _ | _ o _ _ .
- 1T nows vy
W HENY TGN WY 2 % m .
W 7z
TR s /
¥
- — OO e _ .
AENSSSY LNIOM WOLI0E
LA SO
HE TN 1Y &P 20-d0 ON HG TS LN WOLLD OHL HSMH TYNILN WY ¥ AN
N % WL, g \ to SISVISILIILSY 7S \%/ /
. iz - T
2 S =h eSS
- N > RIS F1 SIS
0E W IS o0
5 ¢ 1080 ON MO TH TMYE FW0D OAd— 10-82 TM WO T NBOIVD T
,w 9087 N W0 335 QOM TS e 77 [ 20760 ON W0 5 NOLSK
; ez w\
¢ %
. : 7 2 A va 7
. =SS
' ~ S — _\ﬁ\\ 22 7

\\\\.\\\\N\\ \ s \\




20.dQ, LI

Tl 30 LN #1108

VIO B4-v NO STIOH NI B 81—

fy -

a3 osv By

drs e
1R LM TTING SLON
M0 8LF NO STOMN B BT/ s g%
1" ra
__ L o o =
wh | B psZ
LT -
WES | Bl TEF 2,
L)
‘ v T
f . > ‘l . 7 i
& — -/\ T|m|1.l.ls.
XE
[
@ wal
e
g os, Wi WL T
J./ WBY T
ot
. #
we s _ »
’ %ooano?. M HE
490
“ —z i
1I¢m¢1|..m_
L]
S !
21 B
@ mau

—enda ]

e

‘oHL A
oY Ay
O3L0W SSITNN WAL( 831 b3s W0 T b
OSLON SSTINM
STIGIE NI TIV HO HSINIA 5 1
iSALGN
Al
k214 Yl
214 b L]
I 4 i x PV i -
yararara ] ._ N ﬂ|
] :
[ stg : s
wet Wi - -— By _mwﬂ ‘s et— ——1
|
__u .ﬂ scr qﬁ e
| -
e . > - z%
I-rV W A
51
or M [r=tv1 2 p——n ]
Rm_‘ _
T T
® wau [ EN G waL @ WALt
M ANFHOTIM LMOM WOLLDS
. @
L rf e
) —_—
)

..|wom. G0ES JI0H -—-
N azegd

|

s — PAATEN-29 OI0H




i0-aH

L Lahl

1430 3 m

2L/ IINa

wow  UOLOW W e
LD

INAI0 SMCANTH -

o

HIY0I INIEYH CLNT

t37YIS 704

dIN3 FD9YHOLS 3did TTdd

L9 Bl I\gx_‘
MML33S Fdig _TME0

/K a0 2 ¥

\

N

\), | T
sl e
V] [ I e w0 -
s__“ 1A EW\N\

/?E >

S310H ¥
AEHL 1D 4

SIGS HL09

SR8

|
w0

LAs ¥l

Adid
a0 8%

(2L =R

{ON 3Swai3s NOILIINNDD ONV dWYT1D Q0Y 3dvNDs

Ta3 NOISNILXT FHeHLS 21 In0d veC

ﬂ s
—— YW 2
M RIS ERET]
- II.|7 FAOHLS |
- =l FHOB 24
___3 | H
e |H T e

R e I s e

|AL 3009 Ae NI\\

€l

= - 1
e : —:
S\_I* |_I_|. T
w.:_,l.i_ vl._ls,m
WOLL23E QoM
IS 27 |

21

21 g —
==
.

21
T
i

1P
#

h :
4 —— @t/
e/ H

IHd MIWNW 3ENL 00 20 €

i

7

|
UJJTr.WL_

SMid 9.4;_

A JAYID
FN0HLS |
M09 24

Iwrs 2410

dAY 13 "W3IONVH 38NL

N

]

; b &
Sy
It SONI H108
g MIGIS LG W
X N
s |y 5
wiE SoNIHS
5 $§ 0o oz wwamw_._
K STKH b o 71
i 2 T Rl T
7 Nid 7%
2w g wE
E? 0L wE |
ILNBON _H\ ' U 3 v
Hid Brg—] L3




6|:_ . [ Exuﬂulm.md#ﬂl'.@l.l..: .....A”v.‘..iﬁ.-::..‘”.- \.u

iy

A¥LIQ SN TR -
MU GIXEN . .|.|LTE.._

— — t - WT . AW
180 In ARIOD N o»ii S
TR [Pt Wiy
ALKBIAMI HEUY S¥XFL U L LT ap domih phel e e
e o I ML T AL T P

———

¥ NOLIFS
L THISTION

oy L
'l

mIA moLLOE
% GG

T

s A 7

per—3LY 4 P11

TN Tyl iy

£T0

. TIELY

e mm
-
»

NNNNNNNRNN

1133

Al O
R KWK 065 530H

7]
=t

+
»
@

o ]

€

STIATA VDGR E
SI0HY 1




=¥ NOILO3S
HIXAANI ¥ARN D

gzl

vizzi

7

]

NN

/

[

O_WMMPHN

[

bﬂﬂm._ XWIQg2ZI

T¥13a Nid

f
m TR
g
7 Ja““ T
A -
\\\\n\l r..:f:/;
7 AN
/ N
~ O\
-0 — =

43S NS LW 0 2

RS
)

THOwH
BIELVQ md.l\
oced] 55
06 Exd
UvL3 Ky3S NOWId
37
WHOrHr 3 [TIErsr Ly

$109 X VI0 CITY-

ﬂ

\\\I\;\l\ll‘. Iy

BOFLE
[I75]
)

7

s

TN

=
Tﬁ«n o




!

i
i
i

H

;T ‘
e

p— 0 102 —




A W22 HH. WACH. BOLTE
am £378 Az,

-4 DAL PIPE

1B 3BEELT HH MACH WOLTS
N 2173 BE.

1 FLATE

oo GLRCIE SEFYE
ol Qo H A5 0 WECH. TUBING




T T jospas] T YL
Ll
.({'

0 O -l [ see—n - 52N Q
T T { l— & 576 FIFE 238
o 0
1o
1w SUNDSTRAND HYDRAULI WOTOR
H WODEL 21-3023 R -.ll
i . i
: lo —— 1-142 STO mPE
i AR
i 4
| X i
, ary
! r Wi PLATE ., l{m )
" AT g I — T CAMET
I i A = ;—sra PLATE
4 \ // _4//
= .-u': E i f
Frdus 1 g\
| SPALER &
\ TIMKEN TaMERED :
%% ROLLER BEAMIMGS AN e e -
§‘ | 5362 ) :I
| fesid ‘b ) 2 0 RETETOCK
\ - i p—=u2 a0 x 7D |
. NECH, TUBIMG :
W o LE\ g ; LNATIGMAL N5-Z6Z 0-MING rm FLATE
it AN N AN L
[, SN EN = T SN N A
i | H T T 2w mart sxs
ID:D—EC 2 \ - 3
p— S - 4 WMXAA A H, MACH, BOLTS
T Mg \ 1- 34 LATE
g R
WHUATURE RACINE CYLINDER T L
ETHE & PLATE — i PLATE
T e ]
[x2
e g e ] |
q :
€11
Fue PLATE

t

fr— w4 FOD

m

S JRONRN
[LT

A, Lot
e
Y
AL
ZI
E
7
7
=
%
:
4
El
|

DOt

%

RN AR SRR

1172 STD P

N\
N

|- SEE OWE. PH-02 FOR SMNG LOLDED CYLINDERS
SHAFT - SUB DETAIL 2 REQT B APART

PR

A-irz AP INTERMAL FLUSH PN

TERRS LB MVERNTY

AMITO MAPUNE CURER WEOEFT

"POWER HEAD ASSEMBLY

. R




T T YT
—w . .lr].l.L-b.|.

wlI] NS -LAFHE OYIH JIMO0A — -

.....

LH O%iF P T¥IDALYAH

_ .
. OUFQ! 4

OO0Z
AYMAAN QLS W1 X 2/1— __
%) \ [ . ¥i0 GSE" SI0H fE T
m el s B
ol 1 o
: 2 m | WoT1d TWNWIINI 1d ¥
b= » 1
] M —— — LY Ov 3wl
a ] X
. I

Y
|
2

LE=FA]

GOSEE-

[elel R

_ |
do'e ,_.oqn




Poadazn 31w .
10-Sd el i

Twlidd sdNs m_a_ms._.,.l.uu.m,.

1d30 I N WIAKQD INIHYE OLY: |
1

Aha Soririr IeaTien ﬂJ'...I...!..H!-.I . o
S N T e
—a L] — ¥-¥ NOILIIAS
e

e

T

)]

I
i
H
i

uy

8
I

3

'l

i
e
b--~F1-1 --19

F]

SHLLNNGA d3vYd

L\: I ETRA™ @Tﬁ S -0
HE B
INOYLE WE I THOR £ . 1 (
T sdrTs cu...aaal\_ i n._.m»m.m_wuﬂ ,

EA] [v]

it W \ w9 Znel
- T
1
L3 i Nn ; u P oL 108 21|
. £ f =
g i 0 A IN0HLS 9 3608 A1 ILvd SNILNNOW WaNv3Ys

s ! YAD gINYIEE 3dld
. | N\

LA
|
1
1
;L L—-{ LU
\
—t
|
r

+
2

e ———

I
I
[ |
(I
_ 1 | 1
_ | “ _
| N | m n
I | ol
| | I LNNON 30INS
e R ' b T
\\\\\\\\\\\\\\ . — -~ — 3did 00 2N ¥
[ HE P _
LY A SR S,
- ~ : |11|:|_|ﬂ 00
e £ k oz
1 IEHI
di'ls 3did
\_. )
3MIT |\ ».m
o2 Tiyo e 24

— 1 5diN5 Jdig ——=~ . e

— /

(o3 2}

INOYLS 2 a
oA ® o

—1A2 al5 Jdid

— )
e

o — J1¥d 24 |\\'|— —’ \—

g —— ] -]




52l Larval
10:WS . i

SYEIA 3INIZYOWA A0 mt(_.am_

- PR

43400 INIWH OLAY |

[ M3A LNOY S

1/—\ FIGNY AL XEN|
D WM 05
v—V . Ve

P

~

" MlH.‘M.‘.\.\.u.‘w_l.mll_}- A ]
llg _\ A 7777 i i Y
W M3A dOL % b e _H.ﬂUL:ulaTnﬂﬂﬂnl_hl.rﬂuunT |||||||||

t_._a . <~ - "
s N
b § A N 30IN9 006 08

(/.lu._mz-. 21
WE |-wh/E j /I: e
W =
3B 30 grIn

M, O0d &5 40 ¥A 2
11 3a3375 O¥3IH QoY DS
1 FroNw 1X1 Jald 00 241 §

1

s

e K4

- S ¥
N

o

o
-

r.._—.

N MIIA 30IS
Ji¥ M B85 | 1d 2 v
| —ad
LWOILYTTWLSN] dAlt g — e | ] i W.l0IM 31¥Td I9YHOLS
NAQJ €ON  TAD LN 948 3 H /e I AR |
=¥ 4015 0o 3yvDS |\|
I/l Hi4 0 trE \\ -I_

ANDHLS wE | IW0E wE

K% hﬁD 143 FOYNOLS GO JwWNDS
. [

—_— - -

7 FONT IR —

N
- S
"""

T TIT T
|||||||||||||||||||||||||||| N I U 1A N A IV,
s :m . r . i -
. 7 Fspa- | e il I N i i
- A HE o
= i e N FMONY | Kb — E _“ M H oo
| | N P i : |
L | : |
(oL TSNl QT T | 4 ol aval 004 Subs v __
INOWLS b FHOM 2A T3 O | bl i | N
FEYIITY HOILIIWNGT O0H TAENDS | + A-t4e-o \1|f|; (5 1l __
' | u gy )
| . T ! !
1 ! i I
1 1 ! ]
1 }J L I __
| ! E—D— 0@ 0 |
1R | A
1 ; ] 1 |
_ | |
I ! !
| - ! “ (L — 03— I | m
! m " | !
i il | H ]
NENIES _ _
L AN - A b4 A ~ ! Ly







