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1.0 ABSTRACT

1.1 GENE RAL

The UNITED STATES NAVAL APPLIED SCIENCE LABORATORY

VDS TOWLINE FLEXING FACILITY was built by ISC/Te lephonics in

accordance with design plans prepared by ISC/Telephonics under

contract N140-(62462) 77644B. Government owned and furnished

AN/SQA- 8 VDS Hoist equipment was modified by ISC and incorpor-

ated into this test facility.

1.2 PURPO SE

\‘ The TOWLINE FLEXING FACILITY has been designed to

demonstrate the VDS cable bending fatigue characteristics and
— -~ 

- a /

reliability. ‘ The FLEXING FACILITY will also demonstrate work-

ing repeatability of faired and unfaired VDS tow cables unde a ’

simulated tow conditions.

1.3 FUNCTIONAL DESCRIPTION

.The VDS TOWLINE FLEXING FACILITY is capab le of sub-

jecting VDS TOWLINES to controlled variab le tensions while

simultaneously driving this cable in a reciprocating motion

around a driven sheave. The linear travel of the cable, under

test, is adjustable within controlled and specified limits.

To enable the test facility to handle various siz~...

cables, provisions have been made for the interchangeability of

Instrument Systems Corporat ion • Telephonic.
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sheaves of various diameters, adapted to a standard type of hub.

Cable cycling direction is automatically controlled

by cam operated limit switches which are actuated by the drum

rotation. These switches energize solenoid operated hydraulic

directional control valves which control the direction of drum

rotation.

The Cable Tension is controlled and regulated by the

hydraulic pressure setting of a relief valve and the *head end’~

area of the hydraulic Tensioning Cylinders.

Several protective saf~~y devices are provided/to

prevent system and personnel dam~~~ in the ftvenc of cr~.tical

component or control mechanism failure.

An enclosed area, separate from the FLEXING FACILITY,

is provided by ISC/Telephonics for the storage of space parts,

cab le specimens, fairings, instruments and tools.

1.4 SPECIFICATIONS

The test facility has been designed and built in

accordance with the contract requirements which provides a

capability as follows:

a) Varying and maintaining cable tension loads up

to and including 100,000 lbs.

b) Adjustable cable stroke, depending upon size of

instrument Systems Corp orat ion • Telep honic.
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cab le and diameter of sheaves, from 5 to 20 foot

stroke.

c) Handling various sheave diameters, from 3 to 10

feet pitch diameters.

d) Subject cab le samp les to reciprocate at linear

speeds up to 60 feet  per minute , maximum.

1,5 FUTURE CONSIDERATIONS

The existing test facility is located adjacent to an

outdoor pool 25 feet by 15 fee t by 12 feet deep. An overhead

6 ton crane is provided to hand le TOWLING FLEXING FACILITY equip-

ment. The pooi is equipped with the necessary pump and

filtering equipment required for the proper operation of such

facil i ty.

To provide for such possib le future use of the pool

in testing of VDS Towlines underwater, the driving drum has been

located with in the test faci l i ty at a point close to the pooi.

Instrument Systems Corporatio n • Telep honics
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2.0 CONTRACT SPECIFICATION

The Contractor shall modify the presently Government

owned kN/SQA-8 test equipment to accoi-nmcdate a constant depth

simulator for the test and evaluation of faired variable depth

sonar towlines.

2,1 CONSTANT DE?rH MACHINE L•I;L~TOR

The modifications ~.ne construction of the constant

depth machine simulator and installation in the prese:~t

AN/SQA-8 test equipment shall consist chiefly of the follo’~ ~ng:

a) Modify and recondition and ;~c/S~~ -S cab ie drum,

hydraulic drive ~e-.~hanisrn, assocL.ted p~:~p and

control for c~mstni;t depth machine simulator

application.

b) The constant depth simulator machine shall be

capab le of app lying n variable cri~ ~~ ximum tension

of 100, 000 (50 tons) pounds in the c~~~: cab le when

mounted in the machine in a closed loop ove r two

sheaves (cable and idler) .

c) The machine shall continuously subject faired

cab le s with a reciprocating motion with a trave l

that can be varied from app~~~ximate ly 5 feet to

20 feet .

Instrument Systems Corporation • Telep honic.
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d) The machine shall ~e constructed to accor~nodate

cab le sheaves of ap~ ox imat ely 3 fe~~t to 10 feet

in diameter.

e) The machine r~~~t a lso ~ubjcct the cab le to a

linear speed of 63 ~cCt  per ~~ nute .

r) Supp ly a caDi~ sn~~ ve of a diameter equal to the

AN/SQA-lO uu :boord wire rope idle: sheave. The

cab le sheave ~ hdi L. ditfer i rom the o~ t oard

sheave in ~~~~ the doe7 flanges necessary for

ship maneuvcr~~g ~~e not necessary.

2 . 2  ~~:ODIFIC:~~TION TO T1~~E A c / ~~~:~~~ T EST F.QUIP€NT

The modification and conszruction of AN/SQA-S test

equipment, for the installation of the Constant Depth Machine

Simulator, shall be as fo l lows:

a) Modify the existing p latform in the AN/SQA-8 test

equipment to accommodate the constant depth

machine simulator ~-~hich is estimated to weigh

approximately 15,030 lbs. and have dimensions of

about 40 feet  by 10 feet with a height of about

14 feet.

b) Provide space for the hydraulic pump equipment and

contro l console in close proximitely to the con-

instrument Systems Corporation • Telephonic.
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stant depth mocl ine simulator.

c) Install  the m~chinc on the existing AN/SQA-8 test

equipment p la t form and provide suff ic ient  access

on all sides z o  permit handling of sheaves up to

10 feet in dinmete:, as well as to permit adjust-

men t , i f l Sp c e t a O f l  and observation o2 various faired

towlines ~ndc: ce~~ in the machine .

d) Provide an operat ions working area of approximately

50 feet  by 20 fee t.

e) For Winter t ime operation , a temporary  ~ ans of 
—

closing the worh area shall be provided

f)  Provide adequate rigging faci1ic~~ s including an

overhead six ton crane to lift and position parts,

test  specimens and sheave s over the entire work

area.

g) For night time operation, appropriate lighting

for the entire work area shall be ?rovided.

h) Provide an electric power sc nrce o at least

50 KVA at 3 base, 220 VAC, 60 cycle .

i) The general area of the in~ tallation shall be

provided with 24 hour security guard.

j) Provide an enclosed locked area approximately

Instrument Systems Corporation • Telephonic. 
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20 feet by 20 feet  for the storage of spare parts,

instruments, fairing S~)eCimeflS an d miscellaneous

small tools and equipment.

k) The enclosed locked are a shall be provided with a bench

heavy vise and 11OV power out le ts .  The bench

shall be suitable or disection, repair and

examination of test lengths of faired tow line

cab le ,

1) The enclosed locked area shall be located adjacent

to or near the constant depth machine simulator

work area and shall  be adequately heated and

lighted.

2.3 TECHNICAL PERSONNEL

The contractor shall provide experienced personne l for

the evaluation of experimental two cables submitted by U.S.

Nava l Applied Science Laboratory . These personnel shall be

experienced with design and t es t s  on cables used in Variab le

Depth Sonar (VDS) Systems .

2.4 TEST AND EVALUATION SERV ICES -

One test shall b~ pe :forned to evaluate the constant

depth machine simulator. The test will begin ~ ith installing a

cable sheave and experimental length of faired electromechanical

tow cab le on the machine, adj usting tension, length of throw

Instrument System. Corporatwn • Tclcp .u;..a~
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and make test connections to e lec t r i ca l  conductors contained

within the towline as follows :

a) Make observations of initial conditions and per-

formance during test.

b) Provide surveillance as required to assess the

performance during a succession of con .inuous 24

hour daily run s.
4

c) Stop the machine either at the conclusion of a

specif ied num. er of operating cycles or upon

observing an e f f ec t  indicative of fai lure as

judged by the contractor ’s experience in develop-

ing previous Variabl e ~~pth Sonar Systems.

d) Analyze , determine mode of failure and report to

the U~ S. Naval ~pplied Science Laboratory for

decisions as to design modifications or otherwise

the further course of the test.

e) It is expected thac initially the test will be

restricted to sheave~i no gre~ er than 5 feet in

diameter.

f) Since modifications to the test equipment may be

necessary during the test work, a machine shop

facility shall be available close to the constant

instrument Systems Corporation • Telephonic.
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depth machine simulator.

2.5 REPORTS

Upon comp letion of ~~ / SQA- 8 system and test  equipment

modification and test  the cont rac tor  shall furnish a forma l

report in tr ip licate on tne ..~achine deve loped , as wel l  as the

faci l i t ies  with which it eil~ be used.

This Report sh all  iaclude photographs ~~~ descriptiens

of the sizes of sheaves that c~ n be accommodated , rang~ s of

speed , thro~ cab le tensions ~~~ ot her  de ta i l s  a~ ~~~~ indicate

the capabilities of the m~ ch i n e , The capabiliti~~ of tac

ancilliary equi pment in the ~~~~ such as cranes , :~.nhs and in-

strument  room shal l  also be de~~~r Lbe d .

During the progr ess  of ~he te st , the contr..ctor shall

provide verbal no t i f i ca t ion  of si gni f i can t  changes or damage to

any or all of the following components:

a) conductors

b) tensil members

c) fairing

d) nose pieces

e) yoke s .

f) lateral  restraining rings

g) end sockets

Instrument Systems Corporation • Telcp honics
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In addition, ac cn~ conclusion of each phase of test,

data in the form of wr it  Le ;~ ~-~e.~cr ip t ion  of conditions, of damaged

components , measurements , nu .Jer  of cyc le s at which observations

we re made , and any othe r p er t i~~ n : conditions shall be provided.

Where continuation of cest in , is con duc ted , the contractor shall

again make similar reports  o~ sabsec~uc nt  stages o ~~ ar , dama ge

or othe r impairment sp eci f i e~. :;y the U.S .  ~ava l .~pp lied Science

Laboratory at the time of rest~. rt in g of the tes ts .

The contractor shall not be reçuired to provide a

formal f ina l  report , but  th~ d~ ta obta in e f  all ~~ in t r ipl icate

and all such data as wel l  as a~~l dra~ ings de veloped a5 a result

of this contract . shall  be furnished to the Gove rnment with

unlimited rights.

instrument Systems Corporation • Telep honic. 
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.0 D~ SICN PHILOSO PHY

The basic desi fi . p n i l cs op hy of the Flexing Faci l i ty  was

to provide a machine cap~ b le  of sabject ing VDS TOWLINES to tensile

loads of up to 100, 000 lbs. and to maintain all  loads , motions and

reactions internal to the machine. Therefore , no loads , motions

or reactions will be induced into the alread y e:.:isting structure.

The basic princip le of de~~i~ n :.~ c~~s si t a t ed  that t~~e arum be

seperated from the driven sh~ av~ ~y the load tensioning cy linders

as shown :

L
~~R~ 

_ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~ P1Vo7

where the tensioning forces P and Pa must act thru the axis of

the drum and sheave respectively, the re fore :

instrument Systems Corpora :.on • Telephonic.
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P=P a=(R,)+(R 2 )

Neglecting weigh: ci components .

Z
~

= (
~ — i~i) 

— (
~÷~

) =0

= (R 1y)- (R 2X ) — 0

therefore :

(x) -(y)
- 

(P) -(Pa)

(—M ) — (+M) and

(Rl)- (R2)

must all be equai to (0) zero .

In order to accommodate the reçuired maximum cab le

reciprocating trave l of 20 fee t  1and to use the existing AN/SQA- 8

hy draulic cy linders the fol lowing space diagram had to be

anticipated.

r— C~-~zm~~e~ ~~~~~~~~~~~~~

5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

L 
/ [ L
~~ IN~~ai-~-~. ~~~~~~~
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Moment due to -~~~~=

— f~~~~\ ( -  - -—

L

i~ cos - -i

4
R sin -~~

In addi t ion  to :h~ wei gh: o f the c~.bie ~- :-:ing facility

macnine , the smail  angie (ca ) ~.na t~~c rorce OUc to (F) ~~ifi

induce sma ll lo ad s RV and R1 into the tes t  equi pment structure

WaS considered and resol~-~~a.

a

I nstrument S ystems Corporation • Telep honic.
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4.~0 Di-:T-\IL DESCRIPTION

The IJ .S .  N~ V~ L ~~~~~ ~CIh ::O~ ~~ BOP~ TC~~ TOWLIN

FLEXING FACILITY consists of ccmpmmm. :s both designed specifically

for this test facility macnm .e and tha AN/S QA- 6 c~~ai p~~eat which

was modified for use with the above Towling Flexing facil it ~’ .

The following d~/S~..-d c~ .~~~nents were received from

U.S. Naval App lied Science L~boratory for use into this test

facility.

a) Cable Drum Assemll1

b) hycr au l ic  Dr~ ve c.O Or hsserm) iy

c) Control ~tat~ on

d) Hy draulic Cy linde r s

e) Hydraulic Powe r Uni t

f)  Magnetic Contro lle r Slle ~~

g) Magnetic Con t rol l e r  Slle ~4

h) Junction ~ox ~ssemb ly

Other misce1lan~ ou~ items that  were received were not

required therefore were not ased,

4 .1 MODIFICATION TO AN / S— ~A-S TE ST EQUIP~€NT

The modification and construction of the AN/SQA-8

test equipment, for installation of the Towline Flexing Facility

machine was as follows:

I nstrument Systems Corporation • Telep honic.
14



- - - - -  - . - 

a) The AN/SQA-S test equi pment p latform was modified 
-

as shown on Telephonics drawings 211J000 (2 sheets)

and 211J031.

b) The hydraulic po~er pump equi pment is located in

close proximm:l’ o: ane ca~~e ~rive arum so as to

reduce :n~ pressure  ne ~oss. ~ais pump ing unit

is ancnor~ a cc a _
~mm.e \-.nicn ~n turn ~s ancaorcd

to ne :Oncr~~ e :_ ~ cr as sncn-n on ~e~ epnonics

~raw~ngs ~~~~~~~~~~~~~ l_ ~~~~~ ane pnoto  :igure

c) The contro~. sc~ :tan an C L O SC  proximity

with the driven ~~~~~~~ i~ r~~l~ ed approximatel y

19 inches so to provll~ cne o p er a to r  with an

unobstructed vtew o the dll~~~ case specimen under

test and evallation ~~ shoen in photo figure 2.

o) inc ~owiane :-;e:. ~-~~cnana iS instali~ d onto the

modified Aic/f~h-c cost cquepmene piat~ orm as

shown on £e cepnonacs .crawing 2ti.i~ CO (L sh eets)

and photo iigura ~~ .

Sufficient  space n~~ oean prov~ dae on all sides

of the machine com;cncn:s waica reac~~y permtts

access for inspecteca , adjustments, rep~.ir and

observation of various Towlines under test. This
.1

¶ instrument Systems Cor ~~rm~~n • Telep honic.
- 15

_ _ _ _ _  _ _ _ _

- 1=2 ~~~ — -- 
-_______ ____ -________



4

~~4 L

J.. I

•

/ — / - - - / .-
. 

— 
~
‘ 

~~~~

~1

/
_
, ~

_
~
._/_

~~ - — 
.
— ,  

g
~ - 

~~ - • ‘—..~~~ ~~~~~

~~/~~eJ ’~’E / ~~~~~~~~~~~~~~~~~~~~~~ .—J -.~.-,J m, 
~i~~~~I/ /.~.“o~Y.-. .’I / ’~~/

I I I T . 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



_ _  — - - - .—~~~

4

—c

• 
r

-
! 

I 

.- ---- —--.—-— —-— ~- - -  . - L ~~—

,‘~~ JR .. 2 CON ‘~ ‘J’~ 7~Q T/~ A’ INS7~LL4

-~~~~ - ~~~ ll ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - , . _  

~~~~~~~~~~~~



-- 

--——

S

f - 

. - -  -

~~~~~ -~~
-
~~~~ ~~

;. 
—

- -~~~~~~~ ~~~~~~~ 

- -- — -



- 
-

machine  a lso ~~ ll~ s ~he~ v~.s o f v~ :ioes

diameter ~s e~.c. be seen en ~elephon~ cs dra~ ing

~~~ ~~~~~~~~~~~~~ I -~) ~~~~ .
. _ ~_ _ ~_~~~~ee e  ~~ ~~~~~~~~~~~~~~~

e) For wInce: tt~m ~~~ cul  ~~dll: opc:~ :Icn, a

s t ud ~L:h ear  :g~~dll f i l e r  g a ~ s enc lo5are

.~ CC - C — ~- ~~- . - .  _ C

- —
. 

- - - - . -._ — 
~— - -

~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~ ~cc.  i~~

an ~~ c~ on , ~~~~~et  g~~~ s ene o~~u:e, ~aequ~.:e

• li~~~ti~ g :u~ l~~~n :~vllll Jo: nigh: time opera-

t ion , v~ n~ ilat l ln ~~: cumme: :I~n. and ~~~~ Jar

~-:ln~~e: imm e ;ar ~~. 

con o~~~m~ c:~~n~ -.. oca~.cea

~~~~ 3eC..~ ) - ~~ ~~~~~~~~~~ ~~ _ _ ~~~~~.. ~~~~~~~~~~~~~~

t e S t  ~~~~~~~~~~ ~n- .  over mm en ar~ \-o r~

area.

g) Pm e~cac:~c _~~~~~~ / :~ ~ne ~~~ V~ O -~~~

o e  ~~~~ o~-~~: source is provca~~. ao: :ne o~-~~ing

l’l lxing F~ cilicy mnlnC as sho-~-.-n in photo

h) enclo~ ed ne~~c~~d , v~ nt I l~~~~~. l~ hc~~ ~nd

£oc~ ea are~ , ~7p : O n m c a C y  0

for  s:or~.g~ of sp~ c~ p~:cs inst:~~ccn:~ , ~ .iring
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Sp ect u e n :, c~ b le ~c Im m n s  ~~~ 5- .iscei laneou s tool:

anU e(~ut~~...c .5  as ~~~~~~~~~ as .~nown ifl photo

• figure 5.

The enclose~ llchcd ~~~~ ad~~~ce n t  to the

i~ 1ox~ng - h c a l a c y  ‘ a m  .~rea ant as I;:ovaeec w a t a  a

acavy va~e~ , ~T n~-55 ~~: ~uc~ ets  ~na

• ~-.na-cn ~.:e i~~~: e~~~ccaa n , r~ )~~: ..na ~m-:.naana-

t ion Oa c.~~ t ~~~~~~~~~ 0~~~ ~~~~~~~~~~~~~~ :o-~;llne C- .C~~C S ,

i) The g~ nerll aJ . n C  ce~~c J~~ci l i t y  is provid~ d

~.‘ith ..~~:

4.2 ~Th. • ‘:C: .TT~h-: c~ -
~~~ ~~~~

The us:-c/ :~: ?J.:~l.~ Thll ..l ~~ O cons is t s  of com-

ponents both aesignll .~nci: a~: ~n ng cmcn~ne ano

AN / SQA- b equ ipmenc ;. a~~~m~~~. a: 5 c n  en as  macn a n e , fne

- ~ ‘ ‘  — ~5 _ 5 _~ e~.ir5_c ~~~~~~~~~~~~~~~~ ~~e ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~,S’S C S .~~S S

a) g:u~.~

b) Py d:~ dllc C1-lInd ~~:~

c) She~ve ~nd fhe~ v~ Sup~ orcs

d) hydraulic Pane: ~Jnic

e) Size -~ 2 - a tor  Contro l ler

f) Size ~4 - .oeo r ~onc:ol ler

g) Control S tat ion

4 Zr ~tr 5_ • u.c ~t ~~~~~~~ C&r ~~ im c~. •
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h) Drive C~.ble :•ss~n.b y

i) Component fup.;a:: .‘-m :a :mly

j )  Junction go:-: As~~:.llly

k) El ec t r ic ?o~-.e: d~~~ly

ill \~ .O I

120 ThO b b ~

4 4.2.1 LOAD AND ?hhY0h -~~~~~ ~~~~ . ~~n~:s

In order to compl .- c~~ ~ n ciJIe..cion a prL-

liminary ana~ysis was :mm.e ~~~~~~~~~~~~~~ ~.C s ign  cracer a ~.. ca r

performance and s t ress  ana ’,’cls , ..n lah ~.s JolIo~ s:

(neglecting component n~ L5_~n:,

4.2.1.1 co~f:~ ss ic ~: - 

~~~~~~~~~~~~~ 

- ‘ c : - . .  
-
~~~~~~~~~

‘ ‘
~~~~~ c . : .

TENSION (T) an~.

where : ? = O omp:~~~.~ave .~o:ce ~ ue to ar.~ ~~~
-

T and ‘-
~ 

— OllIe Jen.,~con

instr-umer .t Sys: cms C~ r;~~rm~~.~ •
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_ _ _ _ _ _ _ _ _ _- ~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~

Since T and T 1 ~.:e . m e  ~:ia~~i. about  line of com-

pressive force 2 = ~‘f) ~
-

5 
_________• - -~~,

- - - — -5- I
S

2 (T) -r (T ’)

P _ S - ) .  ~~

ZMa=O_ 
t

~
S_S

~~L
_s

~ 
- 

~~~~~ ,5_ 5 5 ) -

I,-.-, 5-

— ~~~~~~~~~
‘
~~~~~°

‘ _) _ \

(Th)

therefore, when c,~~ Ie : n ~~~on ‘I’ ...nd T’ = 100 , 000 lbs.

P =  (T) +

= 203 , 000 lbs.

4.2.1.2 flECK :~c ’. ’ . C TI O N s  ch .; TO C. ’Th~ T2ST TNY ~~c.:~ J cC) . ~T h )
AND S~-I E AVE PCSI~:I CN

Normal design con~~acao n a: ene macnine , as shown on

above drawing, is to maantaan  tne cao~~e lo~ a (?) ifl la ne waca

the sheave, drum and cy linder ce n te rc arm s ana axes.

Instru ment Sys:cms Cor ~or~d~~t~ •
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-_ ~~~~~~~~~~~~~~~~~~~ ‘ ‘

\ ~~~~~~~~~ ? ,J ~~~,

SHEAV :ND —\
P I V O T

/ ~~~~
-

S
j  

_
~~~~~~~ 

~~~~~~~~~~~~~~
•

~~ 

-

~~~

• /
R~ 
N 

-

~ /SHEAVE SupP:,~T— ~
PIVOT -S~~~,°:hT AdS ;”~~L’~’

c; :~, ,° p~ = ~ 5 V =

Condll inn 1

When compr easeve  J~ :ee P is llnc w I t h  Tension

cy l inder  .m’n. :n;p ~~:c ~ . 5 ~e:.;bly compre ssive members .

a’ ~~
— •

—‘ 
5— I— I ,—. •

R 0 •~-~ ~
-
~~~~- < L M  A X S

-M and ±X then equals 1 1 0 11 zero, therefore :

R 1 = O

R2 = 0

lristru merJ S jj~:ei,s~ C.~.’,iors ;on • 
‘
.
‘
~
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= 0

Ro = 7

Ro =

R = 2

Condition

Wnen c~.a .~e ~~ n~~conang ~;._an~-e: as tm’~gent  to arc

ot snea’.5 e ~~~~~~ : . _ S,  c~- ... ;:e~~55a~ n o:ce 2 as coove tac

cy linder p iva t .

~~~~~~~~ / ~~~~~~~~~~~~~~ •

S’~~ A”~ ~~~~~~~~~~ ~~~~~~~~
— /

/ 

~~~~~

I

~~~~~~~

- ’ -

~~

s ~ = ~i: ~
S~~~ PORT~~~~~ / • 

‘
•

F~V OT 

I

where : P = 200,030 lb s.

A = 13’ 511 S ’~~~~~~~ I I

— — ‘ 1  / 1 !— _,_ o •-~- ~5)e

Instrument S~s:e,~s’ ~~~~~~~~~ •
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C — 10. ’ ~~ .. mo:- . —

= 3 11

0 , - I
J 5 ~~~~%.)

5’, — “.5

= oOO .  a

.4 = 0003 ~s.

=

— 304 5 ll~~.

c:~ c.~ ~ n- - o~~. •~—5)

= ll45 I~~ .

T~ n ~ = a/c

=

Cos ~

s~~ri ,s = . . m..

5— “-0 • : - . t  -
= Li ~~~_ ~~.i

— 00 5’’

R — R 0 = P/co. l

= 203 , eIL ~~~~~~~.

— 200 , 303 ~~~~~~~.

Instrument S , ~~~~~~~~~~ • ~~:. ~~~~~~~~~~~~~
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180° - (90a , / 0  00 ’  + Co 52’ )

— C 5 - / ° ~~~~~~~— u-~ ~~~

c-~~j . 
= 1800 (3 U 

~~~~ + ~~

= 940 30 ’

CHECK:

oC1 ~~o 
~~°

= 94° 30’

~~~~~~~~~~K

t \  ~
‘\ C i  ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

Sin 00 52’ = 
~~~~~~

- ~ iO 3 / , 1

R1 = 3035/ft

R
~ CC C L I I I

Sin 84° 38’ Sin Y,°l3

— 

- 
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R4 = 199, 739 lbs.

CHECK:

200,000 = (R4 Cos 00 52’)  + (R1 Sin 5° 22’)

= 200 , 000 - (199 , 7 16 + 284)

therefore:

R 1 = 303 5 lbs.

= 199, 739 lbs.

Condit ion III

When cable Tensioning cy linder is extended to

sheave maximum extend position, compressive

force P is below cy linder pivot.

R

SHEAVE END~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

5 HE A VE
SUPPORT B

PáVOT

I nst rument Systems Corporation • Telep honic.
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where P 200 , 000 lbs.

A 16’ 11” = 202”

= 20 ’ 9” = 249”

C = 20’ 9” = 249”

=

340

= 1, 000, 033 in D .

R2 = M/A

— 4, 950 lbs.

Tan ~ = ‘z/c

= .0200.3

Cos ~ = .99980

Sin ~ = .02000.

= 10 9 1

R = R0 = ?/Cos

= 200,000 las.

Since Condition l~~ ~~ 
and R Ro are small and

approximately the - same as condition II, no further analysis

at this time need be considered.

4.2.1.3 PRESSURE REQUI RE D ON CABLE TENSIONING CYLINDERS TO
MAINTAIN 100 , 003 LbS. CAB LE TEN SION

Ins trument Systems Corpora t ion • Tclephonics
- 31
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Sin- e load (2) on hydraulic cylinders is = 200 , 000 lbs.

and 2 cy l inders  are used , the force on each cy linder then be-

comes 100,000 lbs.

The configuration of the Tension cy linders are :

Rod Dia = 5 inche s

bore = 9 inche s

R od Area = .~9 .o  sq. lncries

Bore Area = ~i .o  sq. inche s

Hy drau~.cc p re s su re  :eq~~~rcu , at  cy inder he ad end , to

maintain cable Ten s ion  .CU , CCC I n s .  ~hcn rep lenishing pressure

is eq~~al to c75 ~~ Si become s çRu ~. end are a =63.6-19.6=44 Sq. in.)

63.6 p = ~~75 x 44) + c u D , 030

p = 1o94 psa cc ceo’,0 eciccicocy

~nc ~yu r c u~ ic sy5t~~m ~~~ componen t s  are rated for  2, 500

psi to 3,000 psa W0~~~~in~; p:e~~ . u r c .  Assume a working pressure of

2, 250 psi , the sy s t em e~~c ccaenc y c~ien mus t  be equal to or bet ter

than
‘~694
2230

which appears :o be more th aO sufficient . Therefore  the USN/AS L

furnished AN/SQA-8 hydrai~1ic cy linder used for cable Tensioning

wi l l  be used.

4 ,2 . 1 .4  REC I PROC A T IN (~ NO TION 5 ~‘O 20 FEET

I nstrument Syst ems Corporation • Telcp honics
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In order to prov1~e .~ smoo ch reciprocating motion,

it become s nece~~scry to sc~..rt , s top  ..nd/or change the direction

of reciprocation wh en  the ~A L S S.) ~~5 en acro or minimum f low.

It therefore become s essential that three cams and

switches be used to sen5e t he c:;pended direct ion and stroke .

The cams then mast  c~ so be integral and geared with the drum

rotation.

Since one revolu:iL n ci tac drum is equa l to 18.32

feet  (re fe r to porn 4 . 2 . 1 . 5 )  • t r~~vel  of 20 feet will require

(360°)

or 393°

there fore a gear r e d u c t i o n  be t w ee n  L A ~~~C drum out put sha f t an d

the cam switcr i  assemb ly wa~~ ne requirea . Assume a 2: 1 reduc t ion ,

the Car l  trave l then DecOme s

= l 9 C . 5~ f or c~.b le trave l 20 feet
2

and the ci;.~~ng w i l l  be f r o m  thL’ pomp neu t ra l  s tar t  to pump

n e u t r a l  sL~. ’p.~~ pomp m in im -cm st roke  s tar t  and stop, which direct—

ly re 1~~ccs to the hydraul i c  f l ow chauge in direction con trolling

direction of cable motion .

Figure 6 dep icts ~~~~~ cam sequence of operation. The

assemb ly shown is w It h  t hc  c~~ms ~nd coble in the mid, on half (1/2),

4 instrument Sys t c:ns Corporation • T. - .’c;I iIom cs
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trave l posi t ion .

When the drum has rota ted CW such that the ang le of

cam “C ” is equal to 1/2 ~~~, the pum p wil l  return from fu l l  stroke

to minimum stroke dur ing  t ime ang le ~~ : Ang le 1/2 ~ p lus~~~i,

(on can “C ”) is equal to-c, of cam “A” . When switch on cam “A”

is emergized, it wil l pulse a electrically interlocked relay,

energ izing the solenoid of the hydraulic dire ct ional con trol

valve to reverse the hydraulIc flow to the CCW direction.

The pump will rcm5_ 5_ I.. on minimum flow thr u time angle

9, trave l at maximum sp eed ( 3D F~’-~) t
’nru  ang le ~~~, return from

fu l l  stroke t h r u  t ime ang le u nt i l  ang le ~ Cof Cam “B ” energizes

relay to reverse direction of f l ow  ~.nd cab le .

4.2.1.5 SPEED OF CABLE T:L\~~FT. I C ’  ?7N

The character is t ics  of the  USN /AS L furnished AN/SQA- 8

Drum are as follows :

a) The gear recuction consists of a primary p lane tary

system of 53.1 ~nd a secondary gear reducer system

of 9.2.1 therefore the total reduction is equal to

9.2 x 50 or 460:1.

b) The basic drum consisted of 27.7 lays of cable

which is equal to 490 feet of cable, therefore

the length of cab le per lay on the drum is equal

I nstrument Systems Corporation • Telep honics
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to 490/27.7  or 17.69 f t .  per lay and the drum RPM

for cab le sp eed 60 FPM is 60/ 17.69 or 3.39 RPM.

c) The required h y draul ic  motor input the re fore be-

• come s 460 x 3.39 or 1560 RPM ,

d) Since the disp lacement of the hydraulic -

mo to r  is 5.93 cu in per  rev, the disp lacement

required for 60 Fit- then is 1560 x 5.98/231 or

40.38 GPN

Since the basic AN/SQA-8 equipment is to be used, it

must be modifie d as fol lows :

a) Gear reduction, no change , total reduction 460: 1

b) For structural requirements the drum surface

diameter will be increased to 67.71 inches and a

test drive cab le 2.25 inches in diameter will be

usec. The cab .~e length per lay then become s

69.96  r / i2  or ~8~32 fact and the RPM of the drum

for  60 F2~ is then equal  to 60/ 18.32 or 3.275 RPM.

c) The modified hydr aulic motor input then becomes

460 x 3.275 or 1507 RPM.

d) Disp lacement of hydraulic oil is then 1507 x
-

• 

5.98/231 or 39 GPM.

instrument Systems Corporation • Telephonic.
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4.3 DRUM ASSE>6LY AND Dh Iv : :

(Refer to figures 7 cud 3)

The original N/~L~A-S drum was constructed of a welded

corrosion resistant steel she ii w i th  i n t e r n a l  long itudinal

stiffeners and externally welded g ro o v e s .  Because of the high

stresses induced during cable tensioning o~ 100,000 lbs.,

modifications in the dru m we re flecessitaLed.

To reduce bending mome .~cs , which causes the drum shell

to deflect in a manner simIl~.r to . eom, the drum width was

reduceu by removing portion of ~he drum center. In addition,

a rolled one inch thick ~ pron w..s ~-el ded integral with the drum

outer shell to assure that it wo~~ld not collapse when subjected

to continuous radial pressure d~se to ccb l~ Tensions of 100,000

lbs. (refer to drawing 2ll~J3~0).

To pr event  ~~ter~~l C r L ’~~~ of the drive cable, two (2)

lead lined cab le clamp ~ rc p r o v i~.ed l~ 0 degrees apart and are

welded to the reinforced drum shell. Each clamp assembly con-

sists of a rcmoveanle upper clamp and a fixed base clamp. (refer

to drawing 211D020).

All carbon steel ~eldments were magnetic particle

(Magnaflux ) inspected and all corrosion resistant steel weld-

ments were fluorescent dye :;enetran t (Zyg lo) inspected. All

weidments have proven satisi~~ctory .

Instr ument Systems Corpora t ion • Telephonic.
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The modif ied drum shell is supported at both ends by

large ball  type of bearings which c0rries the imposed radial

and axial thrust loads into their respective stanchions. The

stanchions . are cast aluminum ~nd are assembled at each end of

the drum shell.

The starboard stanchion houses the cab le trave l limit

switches and cams. The port stanchion houses a compound gear

assemb ly 9.2 to 1 reduction and supportS an external p lanetary

gear box assemb ly 50 to 1 redoetion, The external gear box

supports on its inpu t  sho t cud on em5~rgency drive system for

use in the event o~ power failure , a torque limiter and the

hydraulic drive motor.

Specificutior-;~ of the c1r -,~~ arid drive are as follows:

a) Distance between l~uges 25-5/8 inches

b) Drum 0.D. oI . 7 ~ ~ncues

c) Torque l imi~ e: 50 foot lbs. maximum

d) Hydraulic motor

1603 R7~ ma ximum

5.93 cu. in. Jisp lacement/rev.

40 H.P.

953 in lb.  Torque at 1000 psi

2500 psi rm.c-~imum pressure

instrument Systems Corporatkn • Telephonic.
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DRUM SHE LL CALCULATIONS - E LASTIC STABILITY

Due to the radial pressure (S) induced by the cab le

tension 100,000 lbs., the drum shell will be subjected to

failure by elastic instability (collapse). The critical com-

pressive stress (Sc) is determined by the following equation:

(Hois ting Drum Design, hochine Design, April 1953).

-2 , o E / - -~.S
~~/ ~S5 L5 5

Sc=

~D) \.D)

whe re: Sc = cri t ical  compressive stress (psi)

E = modulus of elast ic i ty

t = thickness o shell (inches)

D = Drum Outside Diameter (inches)

L = Drum £eugtrl  (inches)

Sc = 45,003 psi

Radial pressure (S) is determined by the following

equation:

2Ts = i ~ r

where : S = Radial pressure (psi)

T = Cable tension (lbs.) 
S

R = Drum Racius (inches)

• d — Cable Die or pitch (inches)

instrument Systems Corporation • Telep honic.
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S = 2620 psi

- 45~ 000 -

M.S. = - 
— —2o2O

= 16+

The above colcu ti -u~ lo not consider the longitudinal

s t i f f ene r s, there fore the ObOve I ih S .)  is more than conservative.

4 ,4 HY D RAULIC C .\BhN ~ -:~:l D N T h ~

Tension loads 4re s. )~~lIL d to the test cab les by the

application of hy d raul ic  pressure  to the head end of the cylinders.

Applied load s are in d i r e c t  pr o p o r tio n  to the following equation

at 1007. e f f i c i e n c y .

where P = Pressure  0t head erid (psi)

P1= Pressure ~~t ~~~ end (psi)

A = Area or :)~~sto~i , need end (inches)

A1= Area of p iston, Rod end (inches)

The cable tension con be variab le by adjus ting the

pressure (P) setting of hydraulic relief valves (B) and or (DD).

Back pressure (Pt) can be varied by adjusting the valve (R) as

shown on hydra ulic schematic, drawing 21lEO02,

To accommodate 0ny racking a f f e c t  that may occur during

operation, or may exist due to installation, the two (2)

hydraulic cab le tensioning cy l inders  arc pinned at both ends to
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universal type fittings.

The spec i f ication for the hydraulic cab le tension ing

cy linders are as fol lows :

a) Bore 9 inches

b) Rod Dia=5 ~ri~heS

c) mox amum s t ro5~e ’—~i8 incnes

d) maxrmum wor~~ug prcssure 3000 psi

e) nominal  compress ive  load
— ,~ 2I 3000 = 189, 000 lbs.
L \ E)

The maximum load on the  c y l i n d e r  is 100,000 lbs., the

allowab le nominal w o r k i ng  1o5~b is 39 , 000.

189. 000 -MS = l00,0C3~~~~~~~

4.5 SI:EAVE AND SF~EAVE S P~?Cbl ~~~~~~~

( R e f e r  to figures 9 ~~~ 10.)

(R e f e r drawings 2llblll and 2 i lE O l2 .)

The sheave assemb ly conblsts of two basic sub assemblies;

a) Sheave :~~ scab ly

b) ~iub Assemb ly

This approach , whereb y one hub assemb ly may be used

wi th various size sheaves, is advantageous from the economical

viewpoint.
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The Hub Assemb ly is on annular shaped we ldment forme d

from hot rolled steel p late and mech anica l  tubing. A bronze

bushing ~-ie inch thici-~ b y 24 inche s lon g is press f i t t ed  into the

center portion . Six machin ed  pods are provided along the outer

longitudinal surface of the ~- 5- e lament ~hich mate with similar

pads on the inner surface of the ~neave weidment, The machined

pads are provided with th rough hol~ s al lowing for bolting of the

sheave to the hub .

The she ave wc l~~m c u t  is forme d by an outer and inner

ring secured to each otner b y mean s  of a stiffener. The

machined pad s are we ldea  to m.c inn e r  surface of the inner ring.

A groove machined into the outer r i ng  along the full circumference,

provide s good support for the wire rope and results in less

abrasive wear on the rope . ‘2-~o floriges which are flared outward .

50, are we lded around the  cir~ aerence providing lateral support

S 

for the cab le. Thu groove is sligutly oversized in order to

avoid pinching or binding of the cab le wire strands, and to

permit the rope to adjust to the radius of curvature .

The specifications for the sheave provided, are as

follows:

a) 50 inch p i t ch  diameter

b) 1-9 /16 inch groove diameter

Instrument Systems Corporation • Telephonic.
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c) Groove f lange  hei ght  of 4 inches

The Sheave Supp or t  .as~ mb l y is constructed in two parts ;

the lower portion is fixed to  the d~~h and serves as the primary

support, whereas, the upper p o r tl a n  con ta in ing  the sheave shaf t

be0ring is free to swive l about the ver t ical  axis so as to

accormnodate any racking th a t  m~ y occur  whi le maintaining cab le

tension.  The rer ore , in trio event triat rac~ ing does occur, tensional

stresses in the sheave support are eliminated.

All weld s have been ma 1~ne tic particle inspected and

have been foun d to be satisfactory 0

Cal c u 1 at ion s

A) ELASTIC STABILITY OF SF~ AVE STIFFENE R

Assumption s:

a) Sheave stiffener is considered as being

ci amp eu  at inner  anu outer  diamete rs by the

sheave hub ~nd outer  r ing respective ly.

b) Equat . ton t~~5e num~er 20, of Formulas for

• Stress ~nd St:~ in~ ?~oark, 1st edition

5th i;;pre ssion , for  a circular p late with a

concentric h o le  under uniform radial corn-

pr ess ion  on outer edge is assume d to be

valid for the case on hand.
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Cab le Tension (T)and(f ~) wi l l  induce radial compressive

stress in the sneave . ~rirs ra~5~i~~ b a a  may result in elastic

buckling. The critical compressive stress (S’) is determined by

the fo l lowing equa t ion ~

‘~~ “- / t ’2S- ’ = K 1~~ 2
~~~~~~~~

I 
- 

= 134 , 350 psi

where : S’= critical unit co.n ressive stress (psi)

K -~ cons tant  ~I-)

a = larger radii (23.75 inches)

b = sma~.ber r~ d~~ ~~~~~~ inches)

E = ~ouu1us or

~r ~~~~~~~~ rat io

t = triiC4(ne~~ ,
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(K) depends upon (b/~.) ~..s i~ give n approximately by

the following graph.
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The radial  pressur e on the sheave is direct ly pro-

prot ional  to the cab le tension anu inversely proportional to

the diameter of cab le 0nd the pitch diameter of the sheave .

This is expressed as:

S = ~~H

= 61’~0 psi

where : S = bldi~~l ressur e  (ps i )

T = CJ~le Terisi~~n (las0)

R = Sheave hali~ s ( inches)

d = cable et~ m e t e r  (~nches)

wriere ~~~~~~~~~~~~ ~0 cab le

d = 1,3 inches

— 
134.350~~— 

6160

= 2 1

S 

B) BEARING LOS .~ 0~-: ShEA VE CABI~ ~~COVE

The rad~ ai bea ring s tr ess  induced by cab le tension as

previously calculated is 6160 psi , The allowable bearing, or

compressive, stress for r5~aterial u;ed ~sS 1.6 Fcy or 52,800 psi,

there fore the ~‘t~rg in of Safety is:

52. 800 -1
6160

= 7.5
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C) STRESS ON ~~~~~~ S~~’- ’- T~

Stress on the sleeve type bronze bearings is deter-

mined by

s = 2.i
A

p
—

A

where S = beorin-~ ~tress

T = can~ e tL-n~~ on

= uo~5. )re~~55ve ~oau cue to cab le tension

A = proJecte~ Area

The sheave sh a f t  is 3 lriC55eS diameter  and the bearing

length is 24 inches, t h e r e f o r e  the p ro j ec t ed  bearing area is

144 Square inches,

S = the re fore is 1390 psi

The al lowable  compressive stress, (psi)  to produce

compression of .001 inches is then equal to 15,000 psi,

15. 000
= 

1390 -l

= 9.8

D) S}-~~AVE SHAFT DEFLECTIc::  ~.) 5 .
‘
.- yE STRESS

Assuming that the sh a f t is simp ly supported with a

concentrated load at center.
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6 ” DIA SHAFT

‘-- 5.;
--  ~5~-

ITTS 5

~~max = 4~~ I

= .1445 inches

where : ~~~~ = m~ xl~~ .- 5~ uefl~~~tjori (inches)

= C~~,le iens~ On (~us)

L = Len~,~~-. o~ ~~~~~~~~~~ oec~.een supports (inches)

= O~~ ~i~~.sti city

I = mome ri~. tnertiu

~~~5~~~~~ 54

Since tac sneave inner nu~ aria bronze ocaring have not

been considered and the as um ticn was that the load is concen-

trated at the center of a si:. ly suppor ted beam, the above

deflection is very conservative .

Sheave stress =

= 3,520 psi
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)520

= ap p rox 9

4.6 HYDRAULIC 2O~fl~~ U~ TT

The hy drau l i c  poue r unit contains all of the hydraulic

valve s, solenoids , pump , motors 0nd safety devices to provide

hydraulic power to the ar -am arid c..ble tensioning cylinders. It

houses a self contained 136 g5. l iOr i  reservoir  for the hydraulic

system. The hydraulic powe r unit consists of the following

major components:

Refer to f i gure Il ._ r i c ~r~.5~ings 21la002 and 102R501).

a) l5& gallon o~~ re~ e.-voi r

b) Tension cy~ iriue: ..5 n~~ old

c) Drum ur ive mori~~ o~~.

d) Auxiliary cevice m5.nl foid

e) 10 H.?. motor a~d r ump for contro l and replenishing

pressure

f)  Junction 3ox for  ei~ ctr ica 1 ir terconnection

g) 40 H.P. motor arid pump f or drum drive and

tension cy linder pressure

h) Pump stroking control

i) Hydraulic piping

j )  E lec t r ica l  c i r cu i t ry
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The two variab le cisp lacement pump s are driven by the

40 H .P .  electric motoi , fri~-se ptm-ps supp ly hydraulic f luid to the

drum drive and cable tensioning cy lInders. Pump delivery can be

varied from zero flow to maximam flow by stroking the control

stem of either pump, chang ing la-a internal pump piston disp lace-

ment.

The stroblrig o the pump s are r~~ otely controlled from

the Control Station and form p~ rt  o f the automatic control system

gove rning the cable t ension  a556 cycling .

The specifications of components of the hydraulic power

unit are as fol lows :

a) 40 :~~?. Pum s

9.4d cu. 5n/rev. disp lacement

1 -
£ .L J~J ‘~~~

3033 ps i

41 C?H ~.t 1560 :s~

b) 40 H.P. Elec t ric :‘:otor

Sçu~ rre l cage , induction

1150 ~ 2~-:
220/440 V AC 3..~ 60~~

c) 10 H.P. E l e c t r i c  Hotor

Squirre l cage, induction
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1150 RP~:

220/440 V AC 3~ 60’~~

d) 10 H.P. Rep leni sning  and Control Pressure Pump

Doub le tandem design fixed displacement

Vane type

1000 psi max imum pressure

20 Cl~-~ at  1033 p si

4.7 MOTOR CONTROLLERS
(reter to tigure s 4 ana

Two Magnetr c Contra~~1ers are used; the size 2 motor

controller is used for st ar t ing ,  sto pp ing and protection of the

10 HP electric motor , and the sine 4 motor  control ler  is used

for the starting, stopp ing and protection of the 40 HP electric

motor.

The Size 2 ( l5 /25h p~ motor  control ler  is an AC

magnetic across the line starting device used for energizing

and deenergizing the 10 H? electric motor on the Hydraulic Power

Unit. This controller is activated by means of a pushbutton

switch on the Control Station. The Size 2 motor controller is

designed for three phase, 60 cyc le, 220 or 440 volts AC operation.

The Size 4 (50/l0Chp) motor controller is an AC

magnetic across the line starter used to energize and de-energ ize

the 40 HP electric motor on the Hydraulic Power Unit. This con-
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troller is activated by means of a pushbutton switch located on

the Control Station. The Size 4 motor  controller is designed

for three phase, 60 cycle, 223 or 440 volts AC operation.

The Motor Controllc- :s censist of a we lded steel drip—

proof housing which encloses contactors, overload re lays and

reset buttons. The magn et ic con:nctors are electrically and

mechanically interlocked to p r eve n t  accidental closing of the

contactors under conditions bl snoek, vibration or tilt.

The overload relays used in the motor controllers are

inherently compensated so tha~ the tripp ing and resetting times

are not affected by variations in the ambient temperature . The

motor controller relay s are remotlay operated from the Control

Station by 110 volt AC sing la ph~.se 60 cycle power. when the

contactors are energ ized they app ly 220 volts AC three phase

60 cycle power to the 10 :iP arid 40 H? elect r ic motors on the

Hydraulic Power Unit,

A~ interlock device is provided in the Size 4 motor

controller to prevent accidental starting of the 40 HP electric

motor prior to the starting of the 10 HP electric motor. Further,

this interlock circuit insures that the 40 HP electric motor is

stopped before stopp ing the 10 H? electric motor thus assuring

air free hydraulics and adeçu-ate hydraulic pressure.
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The controllers pr ovide  low voltage protection to the

motors. The motor is st5~r e c  by momentarily depressing the

START button. This causes the line contactor to close, maintain-

ing itselt closed through ~rs anterlock device, and connecting

the motor directly across the ~~ne , Thu motor is stopped

manually by momerit~~r iiy d~ pre~~~irig the STOP button . This action

causes the line contactor to open and disconnects the motor from

the line .

4.8 CONTROL ST~~~~ S 1 O H

(k-~efcr to i~~ ares 13 and 14)
The AN/SQA-8 contr o~ st5 .aaon n~ s been mouitied and

provided so as to START, Sf~ J an~ O2~~~-~la tne ~0~ aINE FLEXI?~G

FACILITY in either trie la -o~~ or AU~~~~~~ a ~0D operation.

Within the control station itself, the necessary automation

relays and devices are as~ embled.

~rie console prov~~es ~or trie ~o~ 1owing :
S 

(refe r to figure 14)

a) Accurate h y fr m i l i c  pressure gage which is main-

taining cab le tension

b) Hand control lever to manually opera te the Cab le

Tension and f low of oil to the head end of the

Tension Cylinders

c) Hand control lever to oscillate the drum and test

inst rument Systcms Corporation • Ti ’~~p iwnicc
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cab le

d) OFF-ox-OH: l ast e r  - ower switch

e) ~oac Se~ ec tor ~~S’ IStcri.

Au TO~l TlC-0::-:-~AN f A ~. oper.c~ on

~) Seçuencc s-s5~~ten 
- -

~~~~~ ~C-u~’

g) 40 and 13 H 0 2  S?la2- ST3?-E~~~HGEN CY RUN

S wit one s

h) 40 and 10 h.?0 S’L~~2 H~ -?ASS switches

i) MAIX TAIN C~’~~lH T:Hs:o:-: (~~1) Solenoid ON-OFF

SW ~ C

j )  ~~~~‘I II\~ oI.~Z~~~~’S 1n~~1c~~tmm~ triat c~ o1e tension is

not being  m aL n t~~~ne ’ 0

k) Pressure gages:

1) Rep~ enlshla ,~, ressure

2) Contro~ ?res5 ure

3) Cab le Pay C~ t pressure

4) C bie laul L; pressure

5) Tension Cy lInder extend pressure

6) Tension C y l ln fe r  retract pressure

1) 11SV AC ~~ 60’—’ pox-er juses

m) Indicator lights

1) D RIS~X 2~ 1 OH? ua rcc t lon

Irs tf l4 t- r - .. S y~:e:r ~s Corporation • T~- s -p ho ;~cs
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2) la~~i :-:A:L. IN direotiuri

3) POHER ON

~
) TE:cSlHN C’-:LIlaHR EXTENDINC

5) f S ~njn L 5 - - f~~~~~ 5 SS- ~~~~ S~~ ~~~~ Sn~SJ ~~~~~ TE1\S.LOh

o) U - :  CR ~~- Hs d~- ~‘ .~~~laC ?x~ SSoRE

n) Cycle lnIi c~~tor

o) ?o~er ~rii~~eS

p) 1emper~ cure

q) C~b ie tcns~ on Str~~ 51 0u.ge ~nuicator

r) 12 eaann e~ C - ct r ~ e, ..~ toneuctor

eVerit recor~.~~r

s) sL~~ner ~~cne~ n s W _ t e n

4 .~ J::-:CTIO.~
(R e  Icr to Ii ~n re 12~

The AN/ SQA- 8 J-~.ao t I~~n Ho: -. p~~~v1ded by the U.S. Naval

App lied Science U o:~ tory -~~ ~~~~~~~ — 
~~ without modification.

/ 1( ’I -“ ‘ ‘ ‘  1 ‘~~~~~~~‘
~~~~

1 S s S - - ’ S - L  : ,t - .

4~~l0, 1 TO H LINH CYC N HST CONT - L

(re f e r to figure 6, 8, 15 aria drawings 211E002 and

2 1lJ0O~ )

The drum is cyc~ e~. by mean s  o the h y dr ~~u 1ic power. A

me ans for aut omat ic  ru ver~~ ..g o~ Lao erum and to~~~~ ne has bee n

incorporated into the desl~ n.  l’a n d_ m e n t a i iy, the reversing or

lnst r t4meri.t Systems ~~~~~~~~~~~~ •
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cycling system consists oi cam operated limit switches, re fer to

figure 6 and paragraph 4.2. 1.4 ,

When the drum is rotating, and the towlinc speed is

60 FPM, any attemp t to s top  the towllnc or reverse the direction

of rotation of the massive d rum ~~~ drIve cab le, with I L S  in-

herent high inertia, will impose severe mechanical shock to

the system. A simple means for e l imina t ing  this mechanical shock

is provided. The control consists of a cam/switch energ izing

directional control valve CC, returning the pump to zero or

minimum flow position. When the h y drau l ic  f low is at a minimum,

the second switch will energtze trio £a tc r i tn g  relay,

energizing proper solenoid (A) or (B) of directional control

Valve (i.~) thereby reversing the fl o w  and direction of rotation

without shock.

4 . 10 .2  TO WL INE TE :- :sIo:: CON TR OL

Towlinc t ens ion  is obt~~ir ieJ  b y the app lication and

maintaining hydraulic pressure on the heac end ot the Tensioning

cy linders. Because of t r ic  st 5 t 5e nature ot t r io  load , it would

appear that once the cy lin;a5-’rs were  e xt L -r i d eC , tu r th e r  ilow re-

quiretnents would not be re ç-a 5 r e ~.... In ~.c tua l ity ,  due t o a t t er i d e nt

leakage under high system op e r 5 L1ag pressure s, a small  f low wi l l

be required to compensate for t h i s  le~~x 1 g~- , thus maintain cab le

tension .

instrument S~~: - n ~s Cc~rp u r C & n ~ • Tclcp honics
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Cab le tension flow control is automatically accom-

plished by a switch and cam that is located on the flow control

stem of the cylinder pump. Should the pump go off stroke, the

sensing switch will sound the buzaer ~nd energ ize the solenoid of

directional control valve i~ and return the pump to proper

strok~ main taining desired C~ s1e ‘fension .

Cable Tension is m~~ThtaIned  by adjusting balanced

piston type relief valves D-~ and b. Cable tension of 5000 to

100,000 lbs. can be attained by the adjustment of these relief

valves.

4 l 1  PROTECTIVE DZV I CES

Due to the automatic operation of the Towline Flexing

Machine and the high loads imposed on the e juipment and test cable,

protective devices, which detect malfunctions or departure from

-5 normal operation , are requiree aria are provided.

Two (2) basic types of motions are involved in the

Towline Flexing Machine .

a) Towline tensioning cy linder extension and

re traction~ S

b) Reci procating motIon of the cable (under Tension)

and the rotary motion of the drum.

In the event of towlinc cab le f4ilure, a cage will  be

provided above the test cable to aosorb and disipate the energy

inst rument Systems Corporation • Telep honics
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stored in the cable due to tension. In addition, should the

cylinders con tin ue to e xt e n d , a limit s.~~tch has been provided

at the sheave support Co ~-atomatical1y shut down the comp lete

hydraulic power sys tem arid supp ly .

A hydraguard indicator and swi tch  has also been pro-

vided into the cab le t ensionIng  hyd r a u l i c  pressure circuit to

shut down the hydraulic powe r sys t em and supp ly in the event of

pressure relied valve (B) and (B-B) failure or hydraulic shock

above the relief valve sottirig .

To assure tha t  the pre~ 5~~re reçuired to drive the d rum

and to reciprocate the cab le is no: excessive, a second hydra-

guard indicator aria sw~ teh ru.s O C e n  ~rov~~ ea. Should a ma l-

function exist iri t r i e  hyur~uI:c system , trie yar~gu~ ru will

sense the excessive pressu-:e and ..aco.;5a:icaily shut down the

hydraulic system and supp ly.

In the event of hy~ rauiic line f a i l u r e, or excessive

leak, a third hydroguard is provided to sense the pressure loss

and again to automatical ly shat  doun the comp lete hydraulic power

system and supp ly

Should the test cab le exceed its linear reciprocating

travel, a switch arrangement will p rovide a warning to the

operator for corrective action.

instrument S~~:5 -ms Corpora:i. .n~ •
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In the event tr i at  t r ie  cab Le t ensioning pump goes off

stroke, in either direction, a direction sens ing  switch will re-

turn the pump onto proper s:r~ke. If malfunction should exist,

and the pump does not return to proper strode, ~ buzzer type

alarm will warn tue operator to take necessary corrective action.

4.12 DRIVE CA~ T.b -ri-~S - ~.-: IX

The d r Ive  c,.b le  ~ ssemb iy cons i s t s  of a closed iOO~~ forme d

by the test cd~ ie nssemb~ y ~rid .-.ire rope assemb ly linked b y

me an s of cable fi:Lirig~~. The wi;i rope .ssemb iy is permanently

secured to the 0:-am ~~j me~.ns o~ tne le t. ilnea caole cia:p

assemb ly. To p r e v en t  e~~n ~e ppa ,,e, t r ie -5.-~~re rope ~s wrapped

around tue urum ~.pprox ~~.~ .Le y 5 ~/ : - - r ~~s.

i r i C  W~~:e :~ ,)e ~~~~~~ ~
y eo;s~~s:~ o~ 2 1/4 alameter,

6 x 19 n~iv~ nize-d ::~on~~L ¼ ~: St~~e ~~, ;egu~~ r ~~~ ~~re rope, W i th  open

wire r~~~ sOC1 -~ets ~~~~~~ ~~~~~~ ~ t e~ en erie . Tue c~ n~ e, soc~ et, and

socket i 1 I .~ ~oiut develop :,Iu~ :;am t~ nsile strength of 390, 000 lbs.

(195 tu ris).

4.13 OP~ R - 5TION

The operating controls b r  the  Towlin g  Flexing Facility

Machine are loc~ Lc on the co n t r o~ s tat i o n  as shown in figures

13 and 14. The main powe r contro~ sw~ Lcnes are located else-

where as shown in f igure 4.

ln.stru m~’nt Systems Corporation • Tc-lcphonics
- 68

p_ I

T~~ T~~~ -~: T ~~~1



- -  - - --

Adjustmerit of cab le tension any be obtained by vary ing

the pressure setting of relief V~~LVe (B-D), Relief valve (B)

should not be adj usted for  cab le tensiori control, it must remain

at maximum se t t ing jus t below the h y drogunrd  s et t ing .

The cable rec~ pr oc~~ttng  speec can so v1~r iea by

adjus t ing  the pump s t r o .~1rig cy~~:ri aer , .Locat e0 j u s t  be low t rio

pum p stroking stem. ~ue speeu o~ s t:o~~ ng can be varied by

adjus t ing  the ~low contr o~ va~ ves ~-~n~ cn crc integral  with the

pump stroking cy lind er .

BEFORE E :cdkGIzIxd T55d . _ L ~ 2O~-~~~, ASS~~B THAT :

a) All controls ~:e neetral po sition and all

control  st~~tIOn s-a~~tches  are in the off  position .

b) Hydrau~nc o~~ reservoir ~s at proper level.

c) All s a f ety  g -a~ rds  ~re properly in place and

secured.

d) Ent i re  area is cie~ r of unauthorized personne l

aria otner obstruattons,

4.13.1 START I.N~ 2 H O C E D U i ~E

(Re fer to figures 4 and 14)

GENE RAL : - Betore enerp la 
- ~ ue eçutpment, and again

soon a f t e r  s t a r t ing ,  ~~~~~~ a v isual  i ns pe c t i o n  of a l l  un i ts ,

instruments, gauges arid p~ p~ rig. A conscientious visual cuecK

lnstrs4r n cIi~t Systems Cor ;io r teio ~ •
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will  of ten disclose symptoms of inci p ient  dn;-~agc or failure

before the results are serious arid bc fore emergency measures

may be necessary.

(1) Turn 220V 40 H.?., 220V 10 H.?., and ll5V POWER

f l _ _ /
S~~iie~~o5 cO ,~~ C d~~

(2) Rotate trie con::o~ 5 t~~~t i O r i  ?C~~~R Sg~IICH (d) to

the “ON ” pos~~:Ion , observe that “ ?OW R ON ” light

(rn3) is lighted.

(3) Depress arid ho ld  the 10 H.PO override switch (h)

aria simo-s~tnricous~ y cepraSS tue 10 H . P .  “START”

pushbutton (g~ urit~~ t r ie  i~~i a . ? .  motor is running -

release both pushbuttons.

NOTE

To purge the sy s t e m  of a l l  ~ir and to comp letely

- -5 retill all vojus w~:n o~ t - a~~ ow tue 10 H.P. motor Co

-5 

run for 10 seccuas beio:e st~ rting the 40 H.P. motor.

(4) Depress the  40 H.P .  t STA~ T ” pu shbot ton  (g) unt i l

the motor s:~ rts r r i n i ng  - release the pushbutton.

(5) Rotate Xo ue : O:J e r , : . on  5wit~~h (o) to X~\NUAL,

(6) Place Drum Ove::l~~ ~ 5-. i tch  ( f )  to the “ON ” position ,

(7) Place Cable T c s s ~~ j ori don:ro Switch (I) to the “ON ”

— posi t ion) os5erv e “t2~. ~e T e ns t o n  ~‘t~~nt a~ ned” light

inst rument Syst L~m,~ Corporation •
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(m5) to be li~~r~tc d,

(8) Place buzzer con t r o l  s w l t c u  (~) to “Ox” pos1t~ or

(9) Observ e tue  eye le5~ :ecorueu ori t i ie  counter (n),

return to nao u~. n ecessa r y utter recording the

reading.

(10) Observe tue :cpLcri~ sning pressure  gage (h)

~~S ~~~ psi 
- a0~ ust va~ve as necessary t

attain rc~ ei5 .

(11) Assure th~ t tr ie  con t r o l  pr e s s u r e  (k) readin g is

800-850 ~~~~ ~~just ~s nccessary.

(12) Stroke tue ri~~5~~~~ d~~~~~t r o l  u~.r idle (a) to extend

p Osi t i O n  u nt i~ Can.c Tension iS ~ttainee. QDse2

-

- 

pressure  on Ca~ e (~~).

NOTE

Cable Tension  ~ b I . S ’ lI n t  (r54 ) should be lighteL

S during thIs c-per~ tIo 1 ~~~~~~ the buneer ( j )  should sounL

1- neu Cubic Tension ~~~~~~~~~~~~~ - - -
(13) Stro~e tue ~~~~~~ Iou:ro~ h~.n~ le (b) tow~ ra the

re t rac t  p os i t i on  uri~~t~ trio suzze r  ( j )  St O p s  trio

the Cabie Ten~~ton ~~ C~hB ’~ li:~ht (m6) becomes iit

Release contro l handle (u) to Neutral position .

Ins tr umcrit Syst cn~s Cor;hir 1u s s )~~ • TC:~-1) ; U) ?~CS
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NOTE

Cable Tension h0~ D ii ht (mO) must be lit and the

buzzer  ( j )  mus t  be o f f

(14) Stroke the ~-b. u -55~ai C on t r o l  bundle (c) to reciprocate

the cau~ e ane e u.5 tnru a iew comp lete cycles in

both directions.

(15) R e t u rn  ~-a nu~J. C o n t r o l  Handle  (c) to Neutral

- 1  
~) O S 1 t i O r i  ~.t th e  cud o either stroke Pay Out

Cable or h~~ i ~n C~~5 ) I e ,

IF F ’; . h :~ ~: - -
-
~~~ N- -T s i c ,

a) Re t-urn bade Se~ ec~ u: S - - i t eh  (e) to C~’I’ posi t ion.

b) Return ~~~ o:ner ss -;~ :cries t O  ~~~~~ position.

c) Secure u1~ H t L -e t :~~e~~~ po\ -~e r,

ir AU~OH.~?Iu C?;-~s ~~~- s~ i~~~ D ;L~riD,

(16) Auj ust aria ree~~ec 5 ric Controi pressure to 300 psi,

adjust ~s necess~~;~- .

(17) Ro ta t e  ~ iO0C o~ 0~~cra : ton  Switcu (o) to ~cui0~ A~~IC.

C.-\1 ? TP:-:

ASSU RE THAT T5h ~ REC I 1~ SCCATIN G CAb LE IS AT IRE END

OF ITS TRAVEL HEl’CRd SHLECTIHO AUTOMATIC MODE OF

OPE RATION .

Instrument Systen~s C1~r; or~J:hn1 •
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If further operatlun In not desired ,

ASSURE THAT ~~~ll~RCC~ TINC CABLE IS AT T1-~ END

OF ITS TRAVEL sE~-uRE ~~~~~ bc~~hC Ha~-~T O?EHA1ION.

(18) Rotate Moce Oe :~.t~ on swttcu to the OFF

Posi t ion ~~r iu ~ ecure  al l  i - ar t -n cr  op e ra ti o n s  shown

a f t e r  ( 15) .uove .

NOTE

Mode Se lector  s - 5 I t e h  (e) sh ould  not 0 p laced in

or taken out of ht~ rii t oa~.t i e~ r or ‘~~ariuui” position while

the Cable is ~~~~~~~~~~~~~~~~ Onl y a f t e r  the cab le  has

come to the end of its t:~vel should the Mode Selector

-5 

Switch (e) be placed in any other position or sequence

of operation.
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A 5 

3

1



‘ •)

NORMAL OPERATING HYDRAULI C PRE S SURE S

(PSI) (LBS. CALC S.) (PSI) (PSI)
Extend Cy linder Cable Tension P ayou t  Cab le Haul In Cab le

400 l7 , 7~~0 icc- a 850
500 24 , 100 1000 S50
600 30 ,430 1003 850
700 36 ,~~20 1000 850
800 43 , l~~C 1050 900
900 4~) , 543 1050 900

1000 55 ,~~3O 1075 925
1100 62 , 2~ 0 1100 950
1200 68, 613 1150 1000
1300 74 ,~~t3  1175 1025
1400 S i,3L, O  110-3 1050
1500 S7 , 700 ~ 22 5 1075
b o O  94 , 030 1250 1100
1700 100,420 1175 1125
1800 - l06 ,7S0 1300 1150

additional 100 PSI Hy draulic pressure is eçual to 6,360 lbs.
cab le tension

Replenish ing  pressure  175 psi  cons tu r i~ C o n t ro l  Pressure

300 psi cons tan t, except when in manua l mode of operation.
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5.0 TEST RESULT S

The Towline Flexing Facility and Machine was comp leted

on March 4th, 1966, at which time preliminary tests began .

During the period between Murch 4th and March 18th,

1966, the Towline Flexing i’O~~liIty Machine was adjusted and

debugged so as to perform and comp ly with the specification of

this contract.

The entire design ud m~uufacturing is such that the

Towline Flexing Machine wi l l  wIthstand usage with a minimum of

maintenance and wil l  operate smoothl y and e f f i c i e n t ly wi th

maximum safety to the operate:.

5.1 CAB LE CONSTRUCTION (T -: ST)

The U .S .  NAVAL APi~B E D  SCIRE CE I~\B0P.ATORY furnished

Test Cable was installed onto the ~achine for qualif icat ion and

acceptance .

The construction of the cable was as shown below :

0 UT E P LAY

2 N~~~LAY
1 5  LAY

\ — C E 3ZR 5T~SAN~~

~

. 
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5.2 PRELIMINARY RUN

The U.S. Naval App lied Science Laboratory furnished

cable was installed onto the Towline Flexing Machine and the

hydraulic pressure was adjusted to 400 psi. The machine was run

for one half (1/2) and gradually increased in steps of 100 psi

increments and operated for 1/2 hour at each increment until

pressure of 1800 psi was attained.

During the above tests, the machine was operated both

in the MANUAL and AUTOMATIC modes of operation . Necessary ad-

justments were made, all sequence of operation were observed,

modification for smooth operation were made .

5.3 TEST RESULTS

5.3.1 TE~TE~~ TURE RISE:

The initial tests conducted were to observe overheating -

of any major coutribu~ ing coaponent.

a) Drum ucive motor

b) Sheave Support b e a r i n g

c) hy draulic power unit

The maximum permiss0ble t emperatu re  of the hydraulic

powe r unit was quickl y exceeded. For continuous operation , some

means of heat exchang ing had to be provided , which we re as

follows :

-5 instrument System., Corporation • Telep honic,
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a) Encapsulate both lines to the drum drive

hydraulic motor with a water type cooling jacket.

b) Provide sufficient air circulation around the

hydraulic power unit.

Results of the water cooling Jackets and Fan installa-

tion are recorded in tab les 2, 3, 4 and 5.
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REMARKS (TAB LE 2)

(1) Control pressure was decreased from 600 psi to

300 psi.

(2) Fan was turned “CN ” to blow on pump head.

(3) Cold w a t e r  tiow~ ng thru cooling jackets.

(4) Cable Tensl~ n pressure gage indication 380 psi.

(5) Cable ii~ u1 in ;;ressure 800 psi.

(6) Cab le Pay out press-are 900 psi.

(7) Con t ro l  p:ess ’.~i~e 300 psi (see remark #1 above

and in tab le).

(8) Rep len ish in~ pressu:e  150 psi.

(9) One (1) comp ie~~e cyc1e , w i t h  12 foot  stroke , 33

seconds per cycle .
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REMARKS (TABLE 3)

(1) Machine shut down to lubricate pump coup ling.

(2) Cab le Tension pressure gage indication 380 psi.

(3) Cable Haul In pressure 800 psi.

(4) Cab le Pay out pressure 950 psi.

(5) Control pressure 300 psi.

(6) Rep len i shing  pressure 150 psi,

(7) Extend cy l inder  pressure relie f valve set at 400

psi .

(8) Fan was turned “ON ” to blow on pump head.

(9) Fan added to b i ow on oil reservoir and control

pressure punp .

(10) Increased cable Te n s ion  press~ire ~o 1400 psi.

(11) Reduced cable Tension pressure to 780 psi0

(12) Machine stopped and started several t ime s to look

for  source of odd t y p e  noise - determined noise

was in cab le, continued test.

(13) Shut down machine to tighten sheave support

bearings.
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REMARKS (TABLE 4)

(1) Recordings for the first 5 hours were basically

the same as in table 3 at 780 psi cable Tension

pressure.

(2) After 5 hours of run time cable Tension pressure

was increased to 1000 psi.

(3) Cable Tension pressure increased to 1300 psi.

(4) Fans and Hydraulic motor water/oil coolant was

turned “ON” at the beginning of the test run.

(5) It was noted that the cylinders extended 3/4 of

an inch when cable Tension pressure was increased

from 1000 psi to 1300 psi (indicating a cable

stretch of 1 1/2 inches).
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REMARKS (TABLE 5)

(1) Fans and hydraulic motor water/oil coolant was

- 
turned “ON” at the beginning of the test run.

- (2) Cable Tension pressure 1000 psi.

(3) Cable Tension pressure was increased from 1000 psi

- to 1300 psi.

• (4) The Towling Flexing machine was run for 8.5

continuous hours.

i i
1 ;
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• R tARI(S (TABLE 6)

(1) Fans and water coolant were purpose ly left “OFF”

at beg inn ing of thest run.

-. (2) Cable Tension Pressure was set at 500 psi.

(3) Hydraulic motor water/oil coolant was turned “ON”.

- 
(4) Cable Haul In pressure reading 750 psi.

• • (5) Cab le Pay out pressure reading 900 psi.
- 

(6) Drum drive was turned ’~0FF” for 5 minutes.

(7) Both fans turned “ON” .

(8) Increased Cables Tension Pressure from 500 psi to

1700 psi - cab le Tension cy linders extended 6 1/4

inches indicating a cab le stretch of 12 1/2 inches.

• (9) Machine was shut down for 1/2 hour to adjust and

tighten cab le reciprocation cams .

• (10) Cab le Haul In pressure indication 1050 psi Cab le

• Pay Out pressure indication 1200 psi.

- 
NOTE

• (11) OUT SIDE LAY OF TE ST CABLE FURNISHED BY USN/ASL

FAILED. THE TEST MACHINE WAS INSTANTANEOUSLY

~ I SHUT OFF, PREVENTING FUTHER OPE RATION .

(12) IT WAS NOTED THAT THE CYLINDERS WERE EXTENDED 11 ]/8

INCHE S FROM ORIG INAL 500 PSI SETTING - THEREFORE

a

- In.tnanw,v System. Corporat ion • Tãphonic.
89

0 .

A I _ _ _  - • • —.
~~~

- 
~~~~

- -
~~~~

•- - - - - - -_____ • - • 0 4

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _~~~j _ __



— -

~~~~~~

- - 

~~~~~~~~~~

TEST CABLE MUST HAVE STRETCHED 22 1/4 INCHES BE-

FORE FAILURE.

S • •

~

-: 
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5.3 • 2 CYCLE TIME

The cycling of the machine for a 12 foot cable stroke

was t imed, based on 30 comp lete cyc les. The length of time for

30 cycles was clocked at 14 minutes and 10 seconds .

therefore 14 x 60 + 15
30

- 
— 28 1/2 seconds per cycle

• 5.3.3 CABLE RECIPROCATING SPEED

• The timing of the cable reciprocating speed was based

on timing the energizing and deenergying of the pump stroking

valve “CC” for 30 cyc les. The length of expended t ime was 7

minutes and 27 seconds, (447 seconds) and the cable travel, at

full pump speed, in each direction was equal to 8’ 9” (8.75 feet)

therefore total travel was 8.75 x 2 x 30 or 525 feet,

- 
therefore the maximum cable speed is

• 525 or 1.1745 feet per second
447

1. or 1.1745 x 60

— 70.5 feet per minute

5.3.4 CABLE STROKE

t Cable stroke was measured to be between 5 and 20 feet.

Ii

~ F
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• 6.0 CABLE FAILURE ANALYSIS

j When failure of cab le occured , the cab le was examined

• for the type of failure. The outward and first impression was

a failure due to tension . Upon further examination, the cable

appeared to be as fo llows :

ORIGiNAL CROSS SECTION
(BEFORE FAILURE)

• ARE A- 1  V DULL 4P VELV E T Y
REDUCTION \APPEARAJ~JCE

COU RSE J BRIGHT,
CRYSTAL INE

1. APPEARANCE

CROSS SECTION AFTER PAILUR~

II
1!
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• The dull velvety appearance indicates a fracture due

to Fatigue Failure in Bending whereas the coarse bright crystaline

• appearance indicates an Instantaneous Failure such as Tension.

Therefore the conclusion can be reached that the armor had

failed under Bending Fatigue while under Tension, where the

Cable Tension is equal to a load represented by a hydraulic

pressure of 1700 psi (estimated at 100,420 lbs.). (See Table 1)

6.1 CABLE DISECTION, PROCEDURE AND OBSERVATIONS

The outer lay of cable consisted of 40 strands of which

30 strands failed. Failure accurred 11 feet 3” from End “X”.

End “X” was on the lower side when installed onto the VDS

Towline Flexing machine (Refer to figure 17). The following

procedure was used and the following points were observed:

A) OUTER ARMOR LAY

1) Seize the cable at both sides of failure.

2) Remove failed test cable to inspection

facility.

- 3) Check Diameter of cab le in several places

- - 
(other than in immediate damaged area) .

4) Failure of.30 outer strand members failed

1 11’ 3” from fitting at end “X”.

• 
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END ”Y” ~ A I I ’ 3 ” —~ END ’ X ”

L d 
B

5) Diameter of cab le 1’ 5” from fi t t ing at end

was 1.297 inches.

6) Diameter of cable at points from End “Y” were

as follows.

• • DIM. “Z” DIAMETER “d”

1 Ft. 1.294 Inches
3 Ft. 1.290 Inches

• 
- •  

6 Ft. 1.279 Inches
- 8 Ft. 1.278 Inches

11 Ft. 1.278 Inches
13 Ft. 1.278 Inches

• 7) The cable was cleaned of all oil, grease, and
-

foreign matter for visual inspection .

• 8) Magnification inspection did not indicate or

reveal any further or additional failures.

-. 
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• 9) Helix of the outer armor lay was right hand -

- -  
length was not measured due to failure.

10) Dimensional Length L was 29 feet 0 1/2 inches.

-

~~ 
B) 4th ARMOR LAY

1) Diameter of cable at points from end “Y”

were as follows:

DIM “Z” DIAMETER “d”

1 Ft. 1.090 Inches
3 Ft. 1.085 Inche s
6 Ft.  1.090 Inches
8 Ft. 1.055 Inches

11 Ft. 1.065 Inches
13 Ft. 1.055 Inches

2) Several gaps between the armor wires were

noticeable as well as the bridging of the

armor strands.

- •  

_ _  G A P S
- aIo -) fl~LO

j . BRIDG ING
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• 3) Bird caging appeared at end “Y”

• 

_
_  _ _

L 1.255 DIAMETER

• 4) No strands were damaged or indications of

damage.

5) Sign of abrasion weai was visible on outside

diameter of this lay.

• 6) Zinc dust was visible between armor strands.

7) The helix angle was L e f t  Hand lay.

- 
8) Due to the Bridging and gap, no helix length

was measured at this time.

C) 3rd ARMOR LAY

1) Helix length varied as follows

~ 1. (from end “Y”)
.
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w~~ ch ~~ s
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