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ABSTSACT

The application of current vibration tech-
nology to the design of ships is still in the
development,stage and can be expected to continue
to be for some years to come. Although nmch

progress has been made in recent years ship-
board vibration control nmsc still be considered
an art i“ which the designer freely applies his
own approach a“d techniques to insure satisfac-
tory performance. I“ this paper the author

presents his approach co this cmlex problem
as applied to current conmwrcial and naval
shipbuilding programs. Recent finding~ sol”tio”s
to problem areas a“d recommendations for future
research efforts are also presented.

INTROWCTION

Shipboardvibrationproblemshave been
with .s for.many years a“d continue to be a
potential hazard, both to shipbuilders and
operators. 1“ recent years, the significant
increase in power requirenw”ts has further
magnified the problem and emphasized the need
for effe.tlve design procedures. Unfortunately
however, the problem is s“fffcfe”tly complex so
as to preclude the develqnnent of any simplified
analysis procedure which could be effectively

applied by inexperienced e“@neers or archi-
tects. lt 1s the purpose of this paper there-
fore, to evaluate current technology in the
field of shipboard vibration and to present the
views of the author on his approach to a
rational design procedure. Weaknesses in the
available technology will be identified along
with rec.nmnendationsfor fmt”re research efforts.

BACKCRUUND

Shipboard vibration, for proposes of this

presentation, will include both hull and mach<n-
ery vibration, plus related dymmnic consider.
attons such as dynamic shaft stresses. Altho”y,h
the interest of the Ship Structures Symposium
is primarily directed toward the ship structure,
the interdepe”de”ceof the hydrodvamic (hull
fotm and propeller design), structural (co”-
fig”ratio” and structtiraldetails) and machinery

(power plant and shafting de.lgn details) are
so mutually interrelated as to “ecessitace
consideration of the total shipboard vibration
problem as a parallel effort.

As has occ”red i“ many other technical
areas, the prese”.e of serious vibration
problems experienced aboard ship has been the
sttmul”s behind the technological developrne”ts
in shipboard vibration. Unfortunately however,
most of the effort i“ this regard has been
fragrmentazy,that is the studies have been
initiated by a particular problem such as
excessive vibration of the bull or deck house,
a broken shaft, or “mat Isfactory performance
of shipboard equipment associated with vibra-
tion. lt has also been true that because of
the competitive nature of shipbuilding, a“d the
fact that vibration aboard ship is normally
considered to be a deficiency, the cooperation
between designers and shipbuilders i“ this area
lea”es much to be desired. I“ this country,
the Principal research effort i“ this field
has bee” sponsored by the Na~ with technical
support bet”g provided by the Society of Naval
Architects a“d Mart”. Engineers through their
various research panels, such as HS-7 (Vibra-
tions.),M-20 (Machinery Vibration), and H-8
(Hydroel.sticity).

Through the cooperative effort of the
Vibration Panel (HS-7), the Hull Structure
Cotmnitteea“d the Maritime Administration,
initial shipboard studies were sponsored which
resulted in the first ‘#Codefor Shipboard Hull
Vibration Measurements,’1[1]1 i“ Jum 1964.
Details of the ‘Code,!a“d the Shipboard
Vibration Research Program then u“derw.y, were
presented at the 2nd International Ship
Structures Congress, Delft, the Netherlands, t“
July 1964, [2]. ‘lhis,Codetr“as revised i“
1967 after procurement of the Maritime Adminis-
tration i“strume”tacionpackage. A third
publication Code C-1, ,,Codefor Shipboard
vibration Meas”remnt,f, [3] originally scheduled
for p“blicatton i“ 1970, was recently issued
which includes in addition to hull vibration
meas”reme”ts, the mess.”rementof lo”gltudinal
vibration of the main propulsion macht”ery.
This latestpublfcattm representsa joint
effortbetweenS.N.A.M.E. Research Panel. HS-7
a“d M-20. As stated i“ the Code, ,The objec-
tive of this Code is to establish standard

Procedures for gathering, interpreting and L

presenting *ta on hull vibratiOn and

1
Numbers i“ brackets designate References
at end of paper
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longitudinalvibrationof propulsionshaft
systems and to provide a basis for design pre-
dictfon., improvements, and comparison with
vibration and reference levels or acceptance
criteria,-. AX this time the Code c-1 is only
concerned with (I) the vibration of the ship
girder excited by the propulsion system at
shaft frequency, propeller blade frequency,
harmonics of blade freayen.y and frequencies
associated with the major components of machinery
and (2) vibration caused by propeller excitation
of propulsion shaft systems. .4nindependent
‘Code for Shipboard Local Structures and
Nachi”ery Vibration Meas”renents,,is i“ its
final stages of review and should be ready for
publication this year.

Through the cooperative effort of owners,
designers a“d shipbuilders it is planned to
publ{sh ship vibration data through the S.N.A.M.E.
for the technical “se of the shipb”ildfng com-
nu”ity a“d to assist in the development of
vfbratlon refer.”.. levels.. The first set of
sixteen shipsets of vibration data is expected
to be issued shortly.

Parallel efforts are also underway on a“
international basis.. At this time ‘8.4Proposed
Code for the Meas”reme”t a“d Reporti”s of
Shipboard Vibration Datav,is expected to
receive a final revie” at the September 1975
tneett”sof the I“ternatio”al Organization for
Standardization, Tech”fCal Committee 108, for
shock and Vibration, (1soITc1O8), in Amsterdam.
This Code, patterned after C-1, has been
developed by a Working Group o“ Ship Vibration
which i“cl”des desis”ers and members of the
various ship classification s.cfeties. The
sta”&rdizatio” of techniques a“d procedures
for the measurement and evaluation of shipboard
vibration data will greatly enhance the anw”nt
and value of i“f.armatio”obtained, a“d serve as
. more reliable base for the development of the
required prediction techniques.

O“ce havf”g established a standard method
of measm-eme”t a“d reporting of shipboard vibra-
tion data, criteria may be established a“d a
basis formedagainstwhich ship vibration
characteristics can be evaluated a“d design
objectives established. The need for developing
methods of Improving design procedures which
would permit the developrne”tof ships and
machinery systems, free from excessive or
damaging vibration was recognized over ten years
ago. TO do so however, it was considered
necessary to close the large technical sap
“hich existed, and to a degree still does exist,
between the designer and research investigator.
The first Confe.e”ce on Ship Vibration, jointly
sponsoredby the Acousticsa“d Vibration
Laboratoryof the DavidTaylorModel Basin
(NSSDC) and the Davidson Laboratory of the
Stevens Institute of Technology “as undertake”
.s a first step i“ bridging that gap. This
conference was held at the Davidson Laboratory,
Hoboken, New Jersey, i“ Jammry 1965 and
primarily served as a review of the ‘lstate-of-
~rt!!.f Shipb.ard .,ribratio”and included a

pr.g~~ on “vibrato- Forces and Moments from
Hydrodynamic Theory and Model Experime”tsttand

a secondprogram on ‘Vibratory Response Char-
acteristics of Ships,,. lt “as the purpose of
this conference, to exhibit, in understandable
presentatic.”,those findings of recent research
and e“gf”eeri”g studies i“ ship vibration which
would be of inmediate “se to the practicing
naval architect and marine engineer. The
Froceedf”gs of the co”fere”ce o“ Ship Vibration
“ere published by the David Taylor Model Basin
[4]. Most recently, a review of Ship Vibration
Prediction Methods and Evaluation of Influence
of Hull Stiffness Variation on Vfbratov Res-

ponse [5], and a companion Bibliography [6] WaS
published by the Ship Structure committee.

Although many individual papers o“ various
aspects of ship vibration have bee” published,
both in the U.S. a“d abroad, sf“ce that first
conference .“ ship vibration, there have been
very few attempts to consolidate the research
into a design procedure, “hich wmld be useful
to the ship desigmr. one mch attempt however,
was presmted by the author, in Febmaq 1970,
at a meeting of tbe New York Metropolitan Section
of the S.N.A.M.E. and was yblfshed in Marine
Technology [7]. A more recent effort “.s pre-
sented by G. Volcy, [8] which discmses the
approach made at furea” Veritas. To be sure,
many variations i“ the approach, extmt of
calc”latims and the degree of reliance on

=vert=e wfll V-Y ~dely between investi-
gators. No attempt is made in this presentation
to conmwnc on the approach of others, b“t rather
to present the approach to a rational design

procedure, as employed <n the development of
the DD963 Destroyer Program for Litton l“dus-

crks, and in the LNG Programfor El pa,.
Natural Ca, COmpanY.

APPROACH TD A RATIONAL DSSIGN PROCEDUSE

A rational design procedure requires the
following elements:

1.

2.

3.

A set of desfg” objectives or
specifications

An

a.

b.

c.

d.

a“alytfcel procedure which Includes

A suitable mathematical
model of the mass-elastic
system under co”sideratio”

lIIp”tor forcingfunctions
determimd by theoretical
amlyses, model testing or
a cmnbinatio” of both

Empirical factors to brid.qe
missing f“nctio”s, to
efficiently sirmlifv the
analyses O; to Lmp&sate
for weaknesses or missing
aspect, of the theory.

F“ll scale test a“d eval”atio”

w.sr-w t.
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a. Confirm the adequacy of
the results, and

b. Obtain technical data to
permit the continued develop-
ment of improvement of empirical
factors.

The assessment of current shipboard
vibration technology employed in this pres.en.
taticm will include a review of the status of
these basic elements, their availability andlor
adequacy in the development of a rational design

proceare and an identification of remaining
probl- areas in the application of these
elements to modern shipbuilding. AS a basis of
judgment, this review will reflect the approach
used In the development of two of the largest
and most recent shipbuilding programs; the
DD963 Destroyer Program, d,signedand builtby
the Ingalls Shipbuilding Division of Litton
Industries for the Navy, and the 125,000 C3
LNG Carriers under development for the El Paso
Natural Gas Company. The LNG program current17
t“cludes a ~r.”p of nine ships, three e.acb,of
three individual designs by Chantiers-France-
Cunkerque, Avo”dale Shipbuilding of New Orleans,
La., a“d Newport News shipbuilding and Dry Dock
Co. of Newport News, Virgi”ia. These two
design programs include widely varied charac-
teristics, thus permitting an evaluation of the
state-of-art from a high-speed, fine-lined
destroyer to a large tanker. ‘l’heprincipal
characteristics of these ship designs are
presented i“ Table 1.

It is unfortunate however, that the tinting
for this paper is a little premature in that,
at the time of preparation, the final reports on
the vfbratio” tests conducted in February 1975
on the DD963 had “ot bee” issued, and that “o
time was available to oLitaf”the necessary
clearances for Publication of the test results.
In the case of the LNG Carriers, at the time of
the writing, preparations were underway for an
extensive test progmam .“ the first Fra”ce-
Dukerque ship. It is expected however, that
the tests will have been completed on the first
LNG by the time this paper is presented a“d a
qualitative evaluatfo” of the vibration char-
acteristics will be available.

Of particular note, in the development of
these two radically different designs, is the
operating characteristics of each. The destroyer
rNst be capable of a wide range of operating
speeds a“d of performing high speed maneuvers,
while the LNG Carriers will normally operate

contf”ucmsly at a constant desfg” speed. Also,
the destroyers, equipped with twin CSF pro-
pellers and having a much lighter structure

presented ..~ =nique problem while the LNG
i“ turn,employed a power plant of some 25%

greater than previously used on a single screw
cargo ship. Sm variatfo”s i. the approach
used i“ the vfbratio” a“!alysesof these two
ships were therefore required.

Table 1. Comparison.of Characteristics of
D0963 & France Eu”kerque LNC camier

Ship Characteristics DD963

Length Overall, ft. 563.3
Length between perpen-

dfculars, ft. 529.0
Breadth, ft. 55.0
Service draft, ft. 18.0
Depth, ft.
to 01 level 42.0
mulded on trunk deck _

Displacement, tons
maxinum load 7800
service

Nachinery Characteristics

Number of Shafts 2
llaxfrmnnhorsepower per

shaft 40,000
Maxim. SFM 168
Ntunberof struts per

shaft 2

Type .f propulsion gas
t“rbine

Propeller Characteristics

LNG(F-D)

8S5.8

846.5
136.5
36.8

90.0

105,500

1

45,000
108

1
steam

turbine

TYPe Controllable,
reversible fixed
pitch pitch

Diameter, ft. 17.0 25.3
Pitch at 0.7 R, ft. 26.2 26.5
Pitch ratio 1.34 1.05
Developed area ratio 0.73 0.83
Number of blades 3 5
Totalweight(i” air),lb. 52,453 101,000

Design Obiectfves or Specifications

As in any other design study,it is
neCeS,~V to have design objectives against
which the analysis is j“d~ed. 1“ the case of
mechanical vibration, excited by a ship*.

propulsion system, the analysfs of mechanical
or structural compo”e”ts of the ship nmst
satisfy fatigue, habitability or service re-
q“lreme”cs. ln the application of these
specifications it is .180 necessary to properly
define the test and eval”atf.” procedures. For
this reason, the ,lCodefor Shipboard Vibration
Measurerre”t81is most important and although it
was published i“ 1975, it is very similar to
the Navy Code [9] .a”dthe earlier S.N.A.M.E.
Code for Shipboard Hull Vibration Measurements
[1].

Early i“ 1971 a set of design objectives,
i“ the fomn of Vibration Specificationswas
generated for the LNC design. These specifi- ,
cationswere imluded i“ the req”ireme”tsfor
both the Avondale and Newport News designs.
Although the contract for-the F-D design pre-
ceded these specifications, these requirements
are being used for evalu.atio”purposes and are
included here for refere”.e purposes.

o-3

&———

/ ,.

“1



A. Vibration Suecification. for 125,000 #
LNG Carrier

1.0

2.0

2.1

General Requirements

‘l’beobjective of this specification
is to limit the vibration of the ship
a“d within tbe ship, to those generally
accepted levels which will not result
i“ discomfort or annoyance to the crew,
will not prove damaging to the main
propulsion system, or precipitate
damage or malfunction of other sbfp-
board rnachi”etyand equipment. Thfs
specification establishes the criteria
which will be used for purposes of
evaluation as well as the procedures
a“d umthods of measurement to be
employed In the evaluation. It shall
be the responsibility of the builder
to introduce corrective action where
tbe established criteria is exceeded,
or, if aspects of the design are not
considered adequate to achieve the
criteria herein established, recmmnend
design .hanSe.s,which, i“ their ex-
perfe”ce, are necessary to achieve
the desired results. For corwe”ience,
the total ship is di”ided into the
following fine parts:

Part 1 Vibration of Hull Girder
11 Vibratfo” of Major Sub-

structures
111 Vibration of Local

structural Elements
IV Vibration of Shipboard

Eq“ipment
v Vibration of Ma<” Pro-

p“lsio” system

The detailed requirement. include
the treatment of each of these parts.

vibration of Hull Girder

TIW adequacy of the design with res-
pect to the generation of the driving
forces origt”ating i“ tbe main pro-
pulsion system and the response of
the hull girder is reflected in its
vibratLo” characteristics. These
characteristics provide the base from
which the response of the major sub-
stiuctnres, local structures, and
supporting systems for equipment may
be judged.

Hull Girder Criteria

The design objective Is to limit the
vibration of the mat” hull girder to
a velocity of ~.25 inlsec vertically,
a“d ~.15 inlsec i“ the athwartship or
Io”gitudi”al direction when tested in
accordance with the ‘,Codefor Shipboard
HU1l Vibration Measurements”, The
Society of Naval Architects and Marine
Engineers Bulletin No. 2-10. AIupli-
t“des greater than 150% of these
values (*.375 and ~.’225iII/SeC) will

3.0

3.1

be considered unacceptable. The
select<.” of the propeller type,
““tuberof blades, skew and clearances
should be compatible with the achfeve-
me”t of the desired vibration charact-
eristics of the main hull girder a“d
propulsionmachinery. stnctural
desis” details, including but “ot
limited to frame spacing, and
dim,n.i.ns, in the stern area of the

ship, should be adequate to prevent
warping or cra.king due to propeller
excited vibr.atio”. Foundations for
the stanchions s“pporti”g the main
deck house should be sufficiently
rigid to prevent the amplification of
the vertical motion of the hull in tbe
deck house. Any failure of structural
compo”e”ts, within the hull girder,
which can be attributed to vibration,
rmmt be corrected by the builder, as
required.

Vibratfo” of Maior Substructures

The response of major s“bst=ctures
reflects the dynamic behavior of
those stru.t”ral elements when
subjected to the motto”. of the
basic bull girder at the points of
attachment. AS . mi”inmm, the vibr.-
tto” atnplit”desand frequencies will
correspond to those of the bull girder
at the point of att.acbme”t. some
amplitude mag”if<cation generally may
be expected as a result of flexibility
a“dlor reso”a”ces present f“ the..
substructures. Example. of major
s“bs,tinctures i“cl”de deckhouses, up-
takes, machinery platforms, decks, and
bulkheads.

Criteria for M8ior Substructures

l%. criteria for the vibration of the
major s“bstnmt”res occupied by the
crew, is based .“ habitability
req”ireraents. AS an objective, a
Illaxinnlrnvelocity of *.30 inlsec
vertically and ?.20 fnlsecin the
transverse(ath”artshipor longi-
t“dfnal)directions1s desired. Amp-
litudesgreaterthank.45 fn/,..and
~.30 in/seein the verticaland
transverse directions respectively,
shall be considered “naccepcable and
must be corrected by the builder, as
required. Wring ship trials, tests
shall be conducted to demonstrate
cmnplia”ce “ith these requirements.
Equipment a“d procedures called for
in S.N.A.M.E. Bulletin 2-10 shall be
used for eval”atio” purposes. To
achieve these objectives, adequate
supports to the main deck house a“d
transverse (athwartship a“d longi- ,.

t“di”al) bracing of the stmcture
itself, will be required to prevent
a“y sig”ifica”t amplification of the
main-hull girder motion.

o-4
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The criteria for the vibration of
major substmctures, not inhabited
by the crew, is 0.1 g, provided
this levelof vibrationis acceptable
to equipmentmountedthereon,including
its supportingst=cture and mountings 5.1
if any. If the vibrationof the equip-
ment mounted on these substructures is
considered excessive for the equip-
nte”t,modifications of the substruc-
ture or the equipment supports, as
necessary, will be the responsibility
of the shipbuilder. In no case will
structural damage attributable to this
vibration be acceptable.

4.0 Vibxation of Local Structural Elements

The vibration of panels, plates, or
minor stmctural members are evaluated
in terms of the vibration of the main
structural members to which they are
attached. The reference, therefore,
could be the main hull girder at that
point or a major s“bstmcture.

4.1 Criteria for Local Structural Elements

‘rbecriteria for local stmctural
elements, if they are considered as
a part of a habitable space in contact
with the crew, such as a compartment
floor, <S based o“ habitability re-
q“iremencs. The same criteria apply,
as in the case of major s“bstmctures,
i.e., amplitude.sgreater than ~.45
inlsec vertically, and ~.30 inlsec in
either transverse direction, shall be
considered ““acceptable and nusc be
corrected by the builder.

6.o
The cr’fceriafor the vibration of
structural elements, not in contact
with the crew, and not supporting
equipment, is ~.25 g, provided no
structural damage results cm that
noise generated by this vibration
is not considered excessive (greater
than 90 dBA). If damage to the
structural element, or excessive
noise i“ habitable compartments
result, a“d can be attributed to the
vibratim observed,regardlessof the
levelof vibration,correcti.a”will
be requiredby the shipyard.

The criteria for the vibration of
s.truct”ralelements supporting vibra-
tion sensitive equipment mst be
limited to that considered acceptable
to the equipment, as specified by the
equipment manufacturer, or .25 g,
whiche”er is the least. Structural 6.1
damage or excessive “.<s. generated
1“ habitable compartments,must be
corrected by the shipbuilder.

5.0 Vibration of ShiDboard Equipment

This req”ireme”t applies to .11
auxiliary machinery and eq”iprne”t

installed aboard ship. It is
applicable to both passive (IIOC
self-excited) a“d active (self-
excited) eq”ipme”t.

criteria for Shipboard E.a”iDme”t

Equipment selected should be designed
to meet the e“vironme”talvibration
requirements established for shipboard
“se. 1“ this inSt~nCe ~.25 g should
be used. B.lar,ci”ga“d vibration
tolerances for rotatt”g machf”es
should be representative of and nust
meet the accepted standards for good
comercial practice. Installation
details, including the chofce of
mou”ti”gs, ff used, should be checked
to see that the equipne”t vibration,
as installed, does not exceed that
for which the equfpme”t was designed.

1“ the case of self-excited eqyipmenc,
such as engine generators, pumps,
compressors, etc., the supporting
stm.mture andlor nm””ti”gs if used,
should be designed to prevent exces-
sive vibration of tbe equipment or
the generatto” of excessive vibration
or noise in the compartment in “hich
it is installed, or in adjacent
habitable spaces. Bxcessive vibratfo”
is that above ~.25 g or that level
for “hich the equipment <S certified
by the manufacturer, whichever is the
lesser. The vibration generated notse
is excessive “hen it is over 90 dBA.
Necessary corrections shall be the
respo”sibilfty of the shipbuilder.

vibration of l-fat”Propulsion Svstem

t.iainer,gi”es,shafts, couplings,
reduction gears, propellers and
related equipment are designed for
structural adequacy under the
.o”ditio”s stipulated i“ the pro-
curement specification. Vibratfon
characteristics of the propulsion
system nust be controlled to avoid
the presence of damaging vibration
within the system and with the

generation of severe fill vibration.
Potential problems include balancing
of cornpone”ts,lateral, torsional
and Ls”git”dinalvibration of the

Propulsion system, a“d reso”a”ce of
the hull structure “hen stimulated

by pr.peller fOrces at propeller
blade freque”.y or principal engine
frequencies.

Balancing Requirements for Propulsion
Machinery

All rotating propulsion machinery
shall be balanced to nti”imize
vibration, bearing wear, and noise.
The types of .orrectio”, as shown
f“ the table below, shall depend on
the speed of rotation and relative
dimensions of the rotor.
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Type of Correction Speed

Single-plane 0-1000
0-150

~-plane > 100a
7 150

Multi-plane

Rotor
Characteristics

LID<O.5
L/D>o.5

L/D<o.5
LID>O.5

Flexible: Unable
to correct by
two-plane
balancing

L = Length of rotormass, exclusiveof shaft.
D = Diameterof rotormass, exclusiveof shaft.

The I-esidualunbalance in each plane
of correction of any rotating part
shall not exceed the value determined
by:

g
U=N for speeds in excess of

1000 rpm
4000W

U = ~ for speeds between 150 rpm
and 1000 rpin

or U = O.177W for speeds below 150 rpm

where u = maxirmtmresidual unbalance in

6.2

0.. . inches
W = weight of rotating part in Ibs.
N = maximum operating rpm of unit

Torsional Vibration of Propulsion
Machinery

The mass elastic system, consisting
of turbines, couplings, reduction

gears, sf@fting and propeller, shall
have no excessive torsional vibratory
stresses below the top operating speed
of the unit nor excessive vibratory
torqte across gears within the
operating speed of the unit. Exces-
sive torsional vibratory stress is
that stress in excess of

S = Oltimate Tensile Strenzth
v 25

Below the normal operating speed
range, excessive torsional vfbratoq
stress is that stress in excess of
1.75 times %

Excessive vibratory torque, at any
operatin~ speed, is that vibratory
torque greater than 75 percent of the
driving torque at the same speed, or
10 percent of the full load torque,
whichever is smaller.

A mathematical analysis of the
system shall be prepared by the engine
builder, desfg” agent or shipbuilder
to demonstrate probable complfa”ce
with these requirements. This
analysis is to be forwarded to the

6.4

7.0

wherel

El Paso N.G. Co. for ,.Vt.”.
Curing ship trials, measurements
shall be performed, to demonstrate
compliance with speciffed limits.
These tests, conducted sinmltaneo”sly
with tbe hull vibration measurements
called for in 3.1 are described in
S.N.A.M.E. code c-1, “Code for ship-
boardVibrationMeasurements-v.ln
thisCode, longitudinalvibration
measurementsare calledfor at the
following locations:

1.
2.

3.

4.

5.

6.

7.

Thrust Bearing Ho”sf”g
ForwardE“d of Bull Gear Shaft.
Thispositionwill requirea
probeand provisi.” for access
to the gear ..s..
Gear c... Foundation. On top
of the gear case foundation
under the shaft centerline.
Gear Case Top - Over shaft center-
Ii”e.
High pressure T“rb<”e. Attached
to RP turbine casing at forward
or after end.
Low Pressure Turbine. Attached
to HP turbine casing at forward
or after end.
Condenser - f40”ntedas low as

practicable and as near the fore
and aft centerline as possible.

Lateral Vibration of Proo”lsion Shaftina

No critical frequency of lateral
vibration of the propulsion shafting
system shall exist below 115 percent
of maxinum rated speed. A mathematical
analysis of the lateral vibration
characteristics of the rotating pro-
pulsion shafting system shall be made
to clearly demonstrate that the system
is free from a“y lateral critical
frequency below 115 percent of the
maximum rated speed. This a“alysts
shall be submitted to the El Paso
N.C. Co. for review.

Design of Tailshaft

To avoid the possibility of a
corrosion fatigue failure of the pro-
peller shaft, i“ addition to meeting
the ABS design req”ireme”ts, the
alternating bending stresses in the
tail shaft shall be limited to
@,000 psi when calculated by the
following expression:

C(M + Mt)
&

s= 6,000 =C

~
s = sect<.” mall”, = c

,

C = Service Factor = 1.75
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Mg = Gravity moment ~e to over.
hanging propeller weight
calculated from forward face
of the propeller.

Mt = Calculated mnment of eccentric
thrust = .065 x Propeller
Diameter x Rated Thrust

6000 = I-faxfmunsafe fatigue limit
to be used for the assembly
operating in the presence of
a corrosfve medium (psi).

B. Other Vibration specifications a“d Criteria

While the preceding specifications
were developed for merchant LNG vessels they
will “ot be found to differ substantially
from those applied to the Navy DD963. It
should also be noted that a wide cir.ula-
ti.o”had been made of the LNG speciflcatfons,
both here and abroad, with the response
generallY consisting of favorable Cc,mnents.
These requirements are presentlyunder
reviewand considerationas the basis for
,,shipvfbrati.nand Nc,fae~idelimasr,,

beingpreparedby the Vibratim Pamel(HS-7)
under the directionof the Hull Structure
committee.

~e scopeof shipboardvibrationin
thfs paperconcernsitself with hull and
macht”ery vibration excited by the propul-
sion system. The normal criteria for the
bull reflects habitability requirements
while the components of the machinery
system are generally controlled by fatigue

. characteristics. ~e habitability
requirements of Major Substntctures,para-
graph 3.1 of the lliGspecificatio”s, and
the llul’1Oriteria, given in paragraph 2.1
of the LNG specifications, prepared in
Febniaq. 1971, are shown in Figure 1.
superimposed o“ this figure is the Interfm
Laiide-Linesfor Habitability Criterion

porposed by WOrkfw @UP 2s “ship
Vfbrationrtof lsO/?C108/SC2 i“ September
1974. The proposed 1s0 Criterion includes
all ship types, both diesel and turbine
drives. For turbine drive” ships, as In
the case for both the DDP63 and the LNG,
the constant ve.licitycriteria used in
this specification has subsequently been
endorsed by Oet N.rske Veritas, with
practically identical range of 4 nmlsec to
10 mnlsec for the shaded zone. For diesel
driven ships, the constant acceleration
criteria, in the low frequency range is
considered appropriate. The levels used In
the specificationswere inte”de.dto relate
to the !E.tateof the art!!of shipboard
vibration as well as satisfying the require-
ments of kunnansusceptibility to whole body
vibration. [10]

Figure 1 - Habitability Criteria

The requirements for vibration of
Main PrOfndsf.n Systeme are consistent
with the technical standards developed by
the Navy [11] and are based on potential
-ge or fatigue levels. The tailshaft
design requirements are an outgrowth of
studies conbcted by the S.N.A.M.E. 6!-8
Panel o“ ‘Tailshaft Fail”rest*and relate
to designs employing shaft liners. Results
of previous studies, .“ which this criteria,
and the Navy shaft design procedure [12]
are based, were discussed i“ the A.S.N.E.
Transactions [13]. For oil-lubricated
bearings, without shaft liners, this
requfreme”t has been reduced, but is

Presently under reconsideration as a result
of the signficiantly large bending moment
generated in some current desi8ns.

The Analytical Procedure
&

‘t%ea“alvtical Brocedure employed should
include suffi~ient d~tail so as ~o enable the
designer to reawnably predict the response of
the system under study, for verification against

0-7
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the fullscalemeasurementsobtainedduring
trials. Also, e number of signficiant points
nmst be re.ognized, which have a bearingon
the results:

1.

2.

3.

4.

.
5.

6.

7.

The measurements relate to the
maxinmm repetitive amplitude,
necessitating an empirical factor,
to account for the normal signal
umdul,atio”obtained aboard ship.
In the case of the Destroyer, the
range of amplitude variation between
maximm and rni”imxnvalues, is about
three to one, under the prescribed
test conditions. For a large tanker
of the size of the LNG, this factor
would be in the order of two to one.

tie. high speed maneuvers are
considered a significant operational
requirement, as in the case of a
destroyer, a further amplifying factor
of approximately three and one-half
bas been obtained experimentally.
This factor becomes significant when
estimating the response of rnechnical
parts such as the dynamic load .n
thrust bearings or gear tooth stresses.

‘l’hecalculated or measured forces and
moments generated by the model propeller,
operating in the measured wake, is
assumed to represent an average or mean
sinusoidal value.

Hull pressure forces are normally signt-
fica”t f“ the vertical direction and
relatively light in the transverse
direction.

The prese”.e of propeller cavitation,
in the range of 85% to 100% of full

power ~Y stgn%ficantly increase the
exciting forces, by factorsup t. ten
to twenty to one, cm higher [15].
Resnlts of cavitation studies should
be used to detennt”e appropriate factors.

viscous damping or 8ayleigh type damping
has bee” recommended for the prediction
of hull response [16]. More recently,
viscous damping factors which increase
with freque”.y have been effectively
used for naval ships [17]. A factor of

~ = .033, “hen used in the mid-fre-,lw
quency range of 5 t. 7 ~, when low
modulation and little cavitation is

present, has yielded good results for
the prediction of hull girder response.
For the higher frequencies, in the full-

P.wer range, both Increased damping a“d
propeller forces are requtred.

S“perstn.tures “ould generally be
expected to have principally hysteresis
damping a“d proportto”ately higher
response than the kmll girder.

A.

8. w6ile it is true that the response
of the totalship,a“d all its
cmnpmrmt,, suchas superstmxture
a“d propulsion shafting systems are
related thru modal co”pli”g, it is.
not necessarily true that the complete
ship matrix is required to properly
evaluate‘a”tlcipatedr.spcmse. 1“
most caseshull,main machineryand
superstzuctu’esor eq”fvalents“b-
struct”resc.” be effectivelystudied,
indepe”de”tly.

DD963 Prcvzram

Although the vibratm-j response of
most main machinery items have bee” .“der
speciffcatio” control, in Naval application,
through ffrL-sTD-167 [11], as a result of

Previous difficulties, the appli.,ti.” of
specific Ifmitatto”s to hull vibration,
was a“ innovation i“ the DD963. Specific
vibratory limits were placed on the hull,
i“ the form of target a“d reject amplitudes.
A detailed vibration program was developed
[18], which i“cl”ded a ‘Vrelimina
a“d Machinery Vibration A“alysis!,~fill

which was primarily used to make early
engineering decisions. Euri”g the detailed
design development “untero”ssupplemental
analyses “ere performed culmir,attnsi“ the
full scale vibration testsconducted in
February 1975.

At this point, a“ insight is given
on the effectivenessof the preliminary
vfbratio” analysis performed on the DD963
and the utility of the current state of the
arc i“ the prediction of hull and machinery
vibration. Judgment on the effectiveness
of the program, which leans heavily on the
experience of the investigators, is best
formed by an exantinatio”of the test
r,.”lt.. H.”ever, because of time and
classificatfo” restrictions the data pre-
sented is lfmited to the follo”ing points:

1. The full-power shaft 8Pf4was chose”
to fall between second vertical a“d
athwartship hull reso”a”ces and below
the f“”dauentaltorsional resonance of
the hull girder, to avoid sig”ifica”t
response of the full girder when exctted
by dynamic or hydrodymmic forces at
shaft fre.q”ency. Fig”r. 2 shows the
hull natural frequencies calculated
during the preliminary design phase
[19]. Table 2 shows a comparison of .
the calculated frequencies with those
observed tiring the anchor drop tests.

Table 2 - DD963. Anchor orop Tests comPaxi,o” of
Observed & Calculated Hull Freq”encie,

Mode Observed, HZ Calculated, & .

Ist Vertical 1.2 1.2
2“d Vertical 2.4 2.5
3rd Ath”art-
shfp 5.8 5.4

0-8 F=—



2. ln thispreliminarystudythe estimate
of propellerforcesand momentswere
obtained(1)by extrapolationfrom those
c.alc”latedfor similarship types and
(2) by calculation from a“ assumed wake
and a standard propeller based on
estimated propulsion characteristics.
The thrust and torque fluctuations,
thrust eccentricity and the horizontal
a“d vertical bearing forces were cal-
culated by a refined two-dtnwnsional
airfoil quasi-steady method originated
by Burrill [20]. The hull pressure
forces were ass”ntedto be equal in
magnitude to the vertical bearing
forces a“d in phase with them. No
additional allowances were made for
cavitation. Propeller design analysis
and cavitacfo” studies were performed
by Hydrona”tfcs, Inc.

Table3 showsthe estimatedand
calculatedforces and moments in
colurn”1 a“d 2 respectively. Column
3 shows the values used in the
response calculations. Columns 4
and 5 she” fihecorresponding forces
and nv.mnentslater calculated for the
baseline propeller (203skew) and the
backup propeller (400 skew) operating
in the DD963 wake [21]. For these
calc”latio”s, the Breslin Program

was used sime the B“rri11 Program
did “ot effectively treat propeller
skew. The propeller data was developed
by Hydrmmut %.s [22,23]. Although
the calc”latio” of propeller forces
is a rather co”troversf.1 subject,
when referring to these forces on an
absolute basis, the agreemmt between
the values used in the analysis, columm
3 a“d those calculated by the Breslin
Program for the baseline propeller,
column 4 was ““us”ally good.

3. For the preliminary hull frequency
analysis, the digital computer program
developed at NSSDC [14,7] was used as
the primary (co”ve”tio”al)procedure.
For backup, a“d i“ support of the
development of a simplified procedure
to be applied in preliminary design, a
simplified representation, as was used
by Ali [24] in 1968 with fair result%
“as also used. The nac”ral frequencies
thus obtained are showm i“ Table 4.

The rewlts of thesefrequency
studiestend to bear o“t the potential
gains to be made by developingthe
simplifiedapproachfor“se in pre-
liminarydesign.

I

,0
ix

!

I

Ilil!l .

Figure 2

0-9 K——
i
1;



Table 3 . summary of Propeller Force Calculation. - DD963

1 2 3 4 5
Estimated Calculated Values Used 20° skew 400
from similar by B.rrill in response calculated calculated
ships. method* calculations hy Breslin Breslin

method~ method~

Mean Thrust ~ lb.
Al terna~ing Thrust ~ lb.
T in % T at Blade Freq..

Mean Torque 5 ft. lb.
A1terna~ing Torque T ft. lb.
@ i“ 7.Q at Blade Frequ.

@n Her. B<g. Force ~h lb.
Fh in 7.of T
Alternating Her. Brg. Force

~h lb.

Fh in 7.of ~ at B1ade Freq..

~ean Vert. LJrg.Force ~v lb.
Fv in 7.of T
Alternating Vert. Brg&Force

Fv lb.

FV %. % of ~ at BladeFrequ.

284,000
~ 5,250
~ 1.85

1,236,400
f18,540
~ 1.50

4,800
1.69

~ 4,970
~ 1.75

26,000
9.15

~ 3,0U0
~ 1.10

284,860
~ 5,094 ~ 5,000 ~ 4,897 ~ 3,047
~ 1.79

1,237,100
515,566 ?20,000 *19,524 ~12,806
~ 1.26

4,897
1.72

~ 4,077 ~ 3,BO0 ~ 4,002 ~ 3,115
f 1.43

29,392
10.33

~ 2,854 ~ 2,800 ~ 2,931 ~ 1,538
~ 1.00

Assumed Wake and Wazeninzen B-5 Series Propeller,
DD963 Wake and DD963 ProposedPropellerDesigns.

ln calculating or predicting the horizontal direction. The digital
bull response under actual .peratSng program [14] WaS us.d t. .i~late the
conditions, the blade-frecmencv Dro- blade freauencv flexural hull resnor,se
peller forces are assumed“to v;G with
the square of the shaft SPM and at
full power are estimated at 2800 lbs
in the vertical direct<.” and 3800 Ibs
in atbwartship direction for each

Propeller (Table 3). The vertical
forces are multiplied by 4 to account
for the t“. propellers and the pressure
forces, “hich are assumed to be of equal
magnitnde. The horizontal forces are
nmltfplted by 2 since there are m
significant pressure forces in the

at the ste%, ;tation 19 112, to -
sinusoidal forces applied at the stern.
A stm.tmal damping factor of & =

0.03 “a, assumed at each ~SS. ‘ The
resultin~ ,Vtheoreticalresponse,vmay
be compared to the expected response of
the hull to a si””soidal input of a
vibration generator with forces
equivalent to those predicted, but with
the ship ,tdead-in-the-watert,,i“ a calm
sea. 3%, ,tpredictedresponse,,or
actual response expected under trial

Table4 - Svumaryof NaturalFrequencies

Frequenciess(Hz)

Mode Vertical Horizontal ‘fm-sion

Conventional Simplified Conventional Si@if ied Simp2ified
— .

1 1.10 1.20 1.54
2 2.24

:.:;
2.50 ;;; 3.26

3 3.70 4.04 5.40
4 5.50

7:76
5.82 7.6Q 7.76

5
10.05

7.20 7.6o 10.28 10.22 12.20
6 9.02 9.22 12.5C lz .70 1!+.40

Sch2ick Burri13 Schlick Burrill Horn

1 1.2 1.3 1.8 1.9 3.8

.

0-1o F–––
i ,.
1
“1



. . . ..

conditions was developed from the
,,theoreticalre.sponse,r in the mid-
frequency (5 to 7 SZ) range, multiplied

by empirical service factors developed
from previous destroyer designs. No
.11ow.”c. was made for cavitation.
The maximum stern bull response
obtained for blade-rate forces are
shown in Table 5 a“d are compared to
the target and calculated values.

5. Probably the most serious potential
problem area, relative to the pro-
pulsion system was the Io”git.di”al
vibration of the propulsion system.
Particular attention was paid to the
starboard or short shaft since it
would result in the higher freq”e”cy.
Estimates, with a four-bladed pro.
peller resulted in the f“”damental
critical occmrring “ear power. For
the initial study, the alternating
thrust of ~5,000 lbs. at full power,
shown in Table 3 was used. This value
was ass”ntedto vary as the square of
the SIM and at the estimated critical
of 130 RPM was ~3,000 lbs. A digital
calcnlatio” of the system was perfomned,
“sing a damping factor of 4,500 lb.
sec.tin for the CRP propeller. A
service factor of 2.5 was used to

Vertical
Athwartship
Longitudinal

obtain maximun peak “dues for steady
running and a second factor of 3.5 was
used to estimate the effect of hard
maneuvers. A more detailed finite
element analysis of the propulsion
system was perfonmed, after the final
design was completed. A comparison
between the resmlts obtained i“ the
preliminary a“d final analysis is
shown in Table 6, together with the
observed values obtained during the
Builderts Trials.

The close agremne”c obtained between
the preliminary analysis, the more
detailed finite-elementanalysis a“d
the meas”reme”ts obtaf”ed by the
semi-co”ducter strain gage a“d telemetry
system used &rimg the trials was
heavily dependent .“ empirical data
obtained o“ similar ship types [27],
and supportsthe requirement for
additional empirical data on all ship

types t. iqrove tbe pred<ctf.n of fIull
a“d machinery vibration.

6. Supplemental studies, including fi“ite
element analyses of major substructures,
fncludi”g gun a“d missile foundations
were camied out co imure resom”ces
at blade-rate frequencies were avoided.

Table 5 - Stern Hull Response, DD963
(B1ade-Rate Maximum Velocity, incheslsec)

Calculated (19)

Tarset Theoretical Predicted Observed (25)

.32 .15 .23 - .30 .17

.32 .15 .25 - .30 .21

.32 .09

Table 6 - DD963, Starboard Shaft, Longitudinal critical

Calculated

Preliminary [19] Finite Slement [26] Observed [25]

Frequency, Hz 10.83 10.25 10.5

sPM Critical 130 123 126

Straight Course
Alt. Thnist ~lbs. 40,000 43,000 45,500

Mane.vers,
Alt. Thrust tlbs. 134,000 150,000 132,000

0-11 K——
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Similarly, the support systems (founda-
tions and awuntings) were analysed for
most equipment installation. As a
direct result of the low levels of
vlbration present In the hull, and
the absence of resonant magnification
of this vibration i“ mounted equipment,
the DD-963 was .o”sidered unusually
free of troublesome vibration.

B. LNG ProEram

Unlikethe case of the Destroyerdesign,
littlevibrationexperle”cewas available
to the designersa“d buildersof the first
125,000Cubic Meter LNG ship, having a
single screw and 45,000 SHP. In 1970 per-
formance guarantees could “ot he obtained
above 36,000 SHP. Becwse of the potential
impactof seriousvibrationproblemso“ the
prOgramof the tiers, the El pasO Natural
Gas Cmnpa”y,all reasonableeffortto avoid
swh difficultieswere required of the
builders, Chantiers Atlantic.e, France-
LXt”kerq”e. The specification. referred to
earlier, were invoked .“ subsequent contracts
with Newport News Shipbuilding and Drydock
comp.”y a“d Avo”dale Shipyards, Inc.

At the time of this writl”g, preparations
are underway for the vlbratio” test program
scheduled for the Builderqs a“d Acceptance
Trials, in July 1975. With the support of
the Owners, it is expected that the results
of these studies, and the correlation with
design analyses, will be made available co
the i“d”stry. This approach will co”trib”te
much useful data required to develop the
empirical factors necessary for vibration

prediction. The i“fomtio” pre.se”tedhere,
wil1 briefIy review tbe more important steps
take” during the design phase, to rni”imize
the possibility of vibration dlffic”lties.

1. The first step involved the selectlo”
of the stern configuration. For this

purpose Fran@~nkerque had three nodels
tested at the Netherlands Ship Model
Basin (NSNB):

fhdel 4141 - Modified Hogner - Pig”r. 3
Model 4147 - Conve”tio”al - Figure 4
Model 4148 - Open Transom - Fisure 5

Figures 6, 7 and 8 show the cfrc”tn-
ferential distributions of longitudinal
velocity components obtained by NSMB for
each model respectively. A preliminary
analysis of the lo”git”di”al vibration
characteristics of the main machl”ery
system indicated the maximum number of

propeller blades required to insure the
f“ndanra”talcritical falling above the
operating speed, would be five. There-
fore, ,1”.. a“ exami”atto” of the longi-
t“di”al velocity harmonics indicated a
five-bladed propelIer would be prefer-
able to a four, the propelIer parameters
were developed in accordance with the
Wage”i”g,” B-Series for five-bladed
propellers. As i“ the case of the DD-963
the pI-opellerfo?ces and moments were
developed for compaxis.c.npurposes.
Results take” from reference (28) are
shown i“ Table 7.

Table 7 - 225,00C k? LNGSAipswith 5-bladedpropeller

Resultsof Calculationsof PropellerForcesBased on N32.fROata

Model 4U+1 Model i+li+’f

7

Model 4148
Knots 20.0 19.0 20.0

Skm 43, OCQ 34, 4m IJ,600

D ft. 26.64 25.0 24.5

T Thrust, lbs 635, S03 472,9Q0 451,600

~ ~lbs. 39,76Q 31,820 17,520

?/T k% 6.25 6.75 3.89

Q Torque,ft. lbs 2,370,000 1.754,0a3 2,053,003

G ~ft. lhs. 97,470‘ 88,7$30 56,660

WQ i% 4.10 5.05 2.74

~h Brg. Force,fibs. 6,750 3,90C 1+,99

Fh/T f% 1.06 .82 1.11

~v Brg. ForCe,tlbs. 3,193 1,662 2,1311

F~T t% .50 .35 .4?

0-12
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Figure4 - Conventional Stern Configuration
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Circumferential Distributions of Longitudinal VelocitY COmP.nents

Ffgnre 6 - wake Components of Model 4141 - Modified Hogner Stern
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Circtnnferentf.1Distributions of Longftmdfnal Velocity Ccinponents
Ff@re 8 - Wake Components of Model 4148 - Open Transom Stern

Sased on the results of these studies,
France-tmmkerque selected the open transom stern
for their final configuration. This same con-
figuration was .1s. selected by Newport News
Shipbuilding and Drydock CO. for the 120,000
M-1~G ships presently under c.nstmctio. for
El Paso Gas Co.

2. The second important step was the
prediction of the vibratory forces
.a”dmoments o“ the final design,
represented by Model 4221A and five-
bladed Propeller Model 4522. These
predictions were made at NSf+Bby
direct me.as”remento“ . wooden model
co”stru.ted for that mmDose. The
results of the rneasur~e~ts made by
NS~, taken from reference [29] are
shown in Table 8, along with the
calculations made by Det Norske
verita. (DNV) .“ wdel 4171 (slightly
longer than 4221A), taken from
reference [30], and the original
results given for the project bull,
Model 4148, as previously shown in
Table 7. The measured results are
considered more reliable and are
used for hull response celc”lations,
when available.

Hull pres$”re forces a“d moments, with and
without cavitation, were also provided by NSM3.
They were based on model pressure mess.rwnents
and wet-einclmded i“ reference [29]. The hori-
zontal and vertical hull forces are normally the
most sig”iffcant in regard to hull vibration.
In this instance, on the open transom stern
without cavitation, the horizontal force was
negligible, while the vertical hull pressure

force at blade-frequency was t2,600 lb.,

appr.xfmtely equal to the bearing force
~3,310 Ibs shown t“ Table 8. Without
cavitation, only the first harmonic was

IUIp.rtantand when combined ve.toriallY “ith
the beart”g force, the resultant vertical
force was ~2,260 lb. just a little smaller
than the bearing force alone. Referring back
to the DD963, o“. will recall, we assumed these
two forces eq”.al,but in the interest of conser-
vatism, assumed they were i“ phase.

Of particular interest was the lull
pressure forces “ith cavitation. The horizontal
forces remain negligible, but the vertical hull
oress”re forces <“crease substa”tfally for the
first three hamno”fcs, as follows: Fvl from
~2,660 lb, to ~19,200 Ibs., FV2 from ~180 lbs,
to ~13,900 Ibs, and FV3 from ~ 130 lbs to tl,540

Ibs. me” vectorially combined with the vertical
be.ring force, the first three harmonics are
equivalent to ~16,980 lbs, ~13,700 lb. and
~1,540 Ibs. These ve.l”esindicate the strong
influence of .avitatio” on hull vibration.

3, To rni”imizethe effect of cavitation
on the hull, supplemental studies
“ere conducted by F-D on the final

propeller desfsm at the vacuum water
channel, at Gote”b”rg, Swede”. Details
of the propeller design and testing

refere”ce[315. ‘Correlationbetvee”
program were resented by Latron, i“

theoretical force predictto”, measured .

forces, and actual forces which may be
deduced from full scale studies should
contribute much to the evaluation of
cavitation forces in the design stage.
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Table 8 - F-D 125,000~ LNG Ship with 5-Bladed Propeller

c.mp.arisenof Measured and Calculated Propeller Forces and t’bments

v, Knot.

Swm

D Ft.

T’ Thrust, lbs.

T-l * lb..

T ~ f lbs.

o Torque> ft. lb..

61 :ft. lbs.

62 I ft. lb..

Vert.Srg. Force, lb..
:“

+ lb,.
:“1 -
F“2 + lbs.

~h ~r. Brg. Force,lb..

7 ~1 ~ lb..

7 ~2 ~ lb,.

FitvVert.Mement,ft. lb..

X ~vl ~ ft. lb..

% ~v2 ~ ft..lbs.

m~h Fbr.Moment,ft. lb..

1
-thl t ‘t. lbs.
M~h2 f ft. lb,.

~del 4221A
Meaeured
NSMB (29)

20

40,500

25

460,760

7,050

880

1,938,440

23,150

1,450

37,480

3,310

220

16,090

3,530

440

475,930

104,160

9,400

528,010

26,760

1,450

~del 4171
. Calculated

DfW (30)

20

45,000

25

520,290

9,o&o

7,500

2,292,860

33,270

26,760

970

1,240

970

15,450

460

290

318,980

97,650

60,760

73,600

31,100

23,150

.Model 4148
Calculated
~ (28)

20

41,600

24.5

451,600

17,520

2,053,000

56,660

16,500

2,134

3,700

4.950

4. Finite element analysis of the hull No stmctural deficiencies were
for stru.t”ral responsewas performed
by SureauVeritas. Althowghestimates
of vibratoryamplitudeswere made,
theywere based on conservative
dampingcoefficientsand knaxinum
expectedrespo”sesswas determined,
rather than predicted amplitudes. The
major value of these calculations were
to identifypossiblestructural
resonances,whichmight proveobjec-
tionable. o“. such potential problem
area which was identified and corrected
was the fore-and-aft response of the
strut support for the propeller shaft
bearing. Model characteristics of the
deck house also provided the basfs for
stiffening, if required.

5. A vibration generator, which produced
13,200 pcunds force at 9 ~, was
installed on the aft deck of the ‘,Paul
KayserT’,the F-D LNG to physically
detemine the presenceof stmctural
resonances in the deck house and the
.aft portion of the hull. This work
was done dockside in the shipyard.

determined by this process.

6. l%. vibratory characteristics of the
main propulsion machinery were
determined by both finite-element
analysis and by conventional desisn
procedures. Good agreement was
observed between the investigators,
for torsional, longitudinal and
lateral shaft vibration. As is

8enerally the case, the torsional
critical was detenni”ed low in the
shaft speed (42 RPM) and the lonsi-
t“di”al crftical was decenni”ed to
be above the operati”i?speed, at
approximately 145 RPM. The lateral
shaft resonances were determt”ed to
fall i“ the range of 83 to 98 RFN,
per reference [32].

&

Tbe subject of lateral shaft vibra-
tto” requires special atte”ticm at
this time. The presence of shaft
whirl or lateral vibration of tbe
shaft excited by propeller-blade
frequency, has bee” calculated to
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fall in the upper speed range of a
number of ship,, and has generally
been considered acceptable. Recent
experiences gained on other large
ships employing oil lubricated
bearings and propulsion systems
similar co that employed on the LNG
carrier has prompted an in-depth study
of the misalignment and lateral shaft
vibration characteristics of such
designs. These studies have indicated
that in some cases, the angular
misalignment between the axis of the
shaft and bearing, can exceed the
tolerances of a I.”g, fixed bearing,
and the vibratory response of the
shaft within the bearing can exceed
the clearances of the bearing, in the
vicinity of the lateral resonances.
Further investigations are underway
on this problem. ln the meantime,
however, recommendations have been
made to avoid lateral critical.
within ~13% of normal operating speed.

7. Full scale trials, schedules for July
1975, during the Builder,s and
Acceptance Trials of the ‘tPiUlKayser,,
will include:

Hull and NachinetyVibrationby NKF
Hull PressureForces by F-D
Propeller Stress Measurements by lRCN
Underwater TV of Cavitation bv DNV
Vibration and Noise Habitabili~y by
F-D & NKl

It is.expected that thesestudieswill
contritmtesignificantlyto correlation
betweentheoreticalpredictionsand
actualonderway vibratory character-
istics of the LNC ships.

c. Avondale and Nemort News LNG Desiens

The following LNG ships include the
Avondale design which is a conventional hull,
approximating Model 4147 a“d the Newport News
design which is .1s..op.” transom stern, similar
to Model 4148 antithe F-D design. Bothof these
designswere studiedin the “m? VacuumTank at
NSMB.

Three cavitation tests were conducted on
the Avondale Model. The first, with propeller
nmdel 4756 produced a vertical hull pressure
force, of 40,250 lbs. The second, with an
improved propeller (model 4833A), produced
. force of 30,120 lb.. The third test included ‘
the improved propeller a“d the addition of a
tunnel to improve the flow into the propeller.
This resulted in a force of 7,700 lb. [33].
These modifications provided reductions of 23YL
and BO% respectively, from the.original hull

pressure force of 40,250 lb,.

The Ne~ort News model, although having
a“ op.” tt-a”scnn,ter” similar to that of the
P-D, produced generally lower forces and
mome”t$ than the F-D model, as well as a lower
vertical hull pressure force [34]. A portion
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of this difference may be attributed to the
difference in test co~ditions. The F-D model
was tested in the op.” basf”, while the N.N.
nwdel was tested in the new Vacuum T.”k, both
at NSMB.

‘l%.total test program, planned for all
three designs, together with the extensive
analyses co”h”cted, should materially contri-
buted to the u“dersta”dfng of the problems
associated with the measurement and prediction
of full vibration on ships of this type. Of
course, programs of this type, which ultimately
rely heavily on empirical factors, require many
more ship studies. It is .“ such data that the
test program and publication of ship vibration
data, re.onune”dedby Panel HS-7 and supported
by the Hull Structnre Conmtttteeof the S.N.A.H.E
depends.

GENERAL OBSERVATIONS

An assessment of current shipboard
vibration technology, with particular reference
to the work carried out on the DD-963 and LNG

p~ograms, leads to some general obse~ations,
the more important of which are:

1.

2.

3.

4.

5.

6.

7,

The primary effort to control ship-
board vibration (hull and machinery)
should be directed at the exciting
forces, the major forces generally
being related to those at propeller-
blade frequency or harmonics of

p~opeller blade frequency.

Having limited the exciting forces
to acceptable levels, structural andl
or mechanical resonances should be
avoided i“ the important operating
speed range.

since many other design factors
..”tribute to the final co”figw.atio”
of hull or machinery, technical
impacts between hull a“d machinery
characteristicsnust be considered,
such as hull criteria a“d shaft RPM
or the n“nber of propeller blades
and prop”lsio” System r,SO”,nC.S

For a given ship design, o“. stern
configuration could prove s“perio.
to another, as noted i“ the earlier
LNG studies.

Design details of a give” stern
co”fig.ratio” can significantly fn-
fluence the forces generated.

The presence of slg”ificanc cavitatlo”
c.” magnify the bull pressure forces
by factors greater than ten to one or
increase forces .espo”se greater than
at resonance.

&
Theoretically determined propeller
.a”dhull forces and moments may be
used effectively in preliminary
design.



8. l%e propeller forces and moments,
obtained by measurement on the
ship model, are considered more
reliable than theoretically derived
values.

9. Hull pressure forces and moments to
assess cavitation effects can best
be obtained in a vacuum tank.

10. The response of the bull girder
and main m.achi”erysystem can be
estimated by the application of the

propeller forces and m~ent$ applied
to a suft.ble model by the incl”sio”
of damping estimates andlor the
application of service factor..

11., Considerable full scale testing,
correlated against design predic-
t%.”., are required to develop more
reliable damping andlor service
factors.

12. Fidte element analyses are considered
most useful for the design evaluation
of major s“bstru.tures and propulsion
systems.

IIIa more general context it may be noted
that in many cases In the past, the presence
(or absence) of serious vibration aboard ship
has been a matter of chance and seriousvibration
if presentonly correctedby major surgety,if
at all. AlthcmghpresentlyWe are stilla
long way from the ultimate objectiv., there are
many examples whereby problem areas have been
eliminated or reduced to acceptable levels by

-roved design approaches. s~e of the ~re
tom” of such problems fncl”de torsional and
longitudinal vibration of propulsfo” systems,
dynamic balancing, shaft bending stresses and
hull vibration caused by dynamic or hyrod~amic
unbalance and cavitation. At this tfme, it
seems safe to say, that our present technical
knowledge has not been fully integrated Into
a design procedure. Too much is frequently left
to chance retained in company files, or never
fully evaluated for the purpose of improving
o“r approach. MOSt of “S could cite !Udny

examples of such design or management
deficiencies “hich actually inhibit the develop-
rne”tof improved tech”iq”es.

The initial steps for improvement are now
underway. Detailed performance requirements
have bee” specified i“ a number of cases, such
as cited for those ships referred to in this
paper. Such requirements “ot only identify
vibration or stress levels which would normally
be objectionable from habitability or stress
point of view, but also provide a basis by
which design approaches may reasonably be
included in the cost of the ship. While
vibration studies are “ot always specifically
defined, we can already recognise the progress
toward a more standardized approach.

FIJ’NRESSSEAF.CH

The current test plan scheduled for

the ‘Ta”l Y.aysertrof the LNG program, as
identified earlier, fncludes:

(a)

(b)

(c)

(d)

(e)

Hull a“d Machinery Vibration

1“ additto” to the .o”ventional
hull a“d ma.hi”ery vibration
measurements prescribed by Code
c-1, the ‘code for Shipboard
Vibration Meas”reme”t,,[3], “hich
“111 be used to correlate actual
ship and machinery response against

predictions, the following supple-
mental rueasureme”tswill be made.

1.

2.

3.

4.

Alternating thrust i“ the
propeller shaft.

Fore a“d aft vibration of the
strut

Shaft motion within the strut
bearing (both ends)

Dil nress”re to tbe bearimz
and ~ea water pressure in ~he
oil seals to the strut bearing.

Hull Pressure Forces for correlation
with predicted forces obtained by
calc”latio” and model testing.

Propeller Stress Measurements plus
alternating torque a“d thrust to
correlate actual propeller forces
against calculated and measured
values.

Cavitation studies by underwater
TV, for correlation with laboratory
model studies.

Vibration and Noise Habitability
meas”reme”ts for cou,parision with
existf”g or proposed standards.

This program,“hich is largelysupported
by the El Pas. Gas company,will cmtrib”te nu.h
to a“ understandingand evaluation of current
design procedres. However, an in-depth study
of a single hull is inadequate a“d the extension
of the test program to the follow-o” deeig”s is
needed to develop reliable design data appli-
cable to the LNG Carriers. Similar programs
of study are considered necessary on other
basic designs to gain sufficient empirical data
revired to obtain the “ltim.atedesign pro-
cedures required. 1“ this regard industry-wide
support of the HS-7 Vibration Panelts program
for obtaining and publishing, i“ standard format, .
the vibration characteristics of all ne” ships,
is strongly recommended.

IIIthe hydrodynamic area, it is considered
necessary to obtain the preferred configuration
for a give” ship class, to optimize the design
details, to rni”imizethe adverse effects of

&

cavitation, a“d t. obtain reliable input forces
a“d u.ome”tsto be used for dynamicanalysis.
While it may be said that the means for carrying
o“t these studies are available in o“e form or
another, the application of this information, by
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the average designer appears to be somewhere
between an art and a research program. The
development of a standard or recormnendedpro-
cedure which will provide the desired results
at minimum cost, <s also strongly reconnnended.

Another significant contribution to ship
vibration research was the lWighly-Ske”edPro-
peller ResearchPrograrng,recentlycarriedout on
the Sa” Clement.cl...Ore SulkOil (0S0Carriers)
[34]. This programprimarilysponsoredby the
Maritime Admimistratio”, explored the use pro-
peller skew as a means of reducing hull a“d
machinery vibration. As was concluded, “Skewed
Propellers are useful tools for reducing
vibration problems hut they are ~ a P.”. C,.

that can be used blindly,,. Further study is
recmmnended on this r,”bjeccto determine when
and how t..apply the ske”ed propeller to
advantage. It is suggested however that highly
skewed propellers might appropriately be limited
to those applications in which c.anventio”al
design techniques will not achieve the desired
results or to those in which ~ vibration
a“d noise are a requirement.

The HS-7 Panel compiled a list of sev,en
individual recmended research projects, which
were subsequently endorsed by the Hull Stnct”re
Comnittee i“ 1972. These projects, “hich would
also include the efforts of the Hydrodymr,ic,
and Machinery Cormtttees are identified ““de.

the following titles:

HS-7-1
HS-7-2
HS-7-3
HS-7-4
HS-7-5

HS-7-6

HS-7-7

Vibration Specifications
Vibratory Propeller Forces
R“ll Frequency Determinations
vamic Response of ship H“lIS
Dynamic Response of Main
Nachinery Systems

Vibration Measurement and
Analysis Procedures

Desi.n Guide for Shir,board
Vi~ration Control ?Inte.im)

The objectfve, plan of action and end

pr.duct has been defined in each case. AZ thi,
time the HS-7 Panel is engaged on the first pro-
ject “Vibration Specificationsm,. A similar
effort is underway hy the M-20 Panel (MIcfiinery
Vibrations). While the research panels of the
S.N.A.M.E. have accomplished nmch in the.Past
conducting research by part time contributions
of panel members i, painfully slow. It is
recommended, that more aggressive action be
take” by the industry as a whole, in support
of these projects.
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SUPPLEMENT

PreliminaryReporton VibrationSuzveyEl Paso
(Paulsays..)

At the tine this paper was prepared, the
LNG Carrier, El Paso PAUL KAYSER, had not yet
Put to sea. The vibration trial, were cotl-
ducted during the Builder’s and Acceptance
‘Trials,in July 1975. Results of that trial,
basedon the PreliminaryReportof August12,
1975 ... briefly reportedhere, for informarion

purposes.

Evaluation of Null and SuperstructureVihr.ation
The vibration of the hull did not exceed

50% of the NKF recommended criteria, when de-
livering 45,000 SHP. This information was
based on the perfomnce, at 86,000 tons dis-
placement, with clean bottom, obtained during
the Official Trials, at a speed of approximately
21.2 knots. This data was used and based on
the “Steady-speed” runs, conducted during the
Official Trials, as noted by “X” on Figure 1,
which shows the Vertical Vibration at the Stern.
This location, close to the aft-perpendicular,
is normally considered as the basis of judgeme”t
for evaluation of hull vibration. Both the
Athwartship and For. and Aft (Longitudinal)vi-
brationmeasuredat this location,were 1..ss
thm 51 mil.

Supplene”tal data were .1s. taken d.rinzthe
slow ac~eleration runs, from 63 to 106 ~M. ~o
provide “fill-in” data. The complete analysis
to .11 verticalvibrationdata obtaimadat the
stem, for both the steady-speed runs, and the
slow-acceleration runs, shows a single point
(R.n 59AA) in which the maximum amplitude ex-
ceeded all other pointsby a factorof better
than two. This point is shown on Figure 1,
together with all the other data, and the NKF
recommended criteria for the hull (.25’’/sec)and
major substructures, such .6 the deckhouse
C.30’’lsec).For evaluation purposes, the forced
vibration of the hull was assessed as being
less than 50% of the suggested criteria.

The only other significant h“ll-superstruc–
ture vibration noted, was associated with the
fore-and-aft (Iongit.di”al)motto” of the deck-
house, at the bridge level. These data are
shown on Figure 3 and indicate a very sharp
resonance of the deck-ho”,., based on the
response of the wheelhouse .a”dstarboard bridge
wing fore-and-aft pickups. Superimposed on this
Figure, are a few points observed on the base
of the Radar Antennae Platform, after the si6.-
nificant vibration of this location was noted,
in tbe vicinity of 100 RPM.

Figure 5 shows the fore-and-aft rockins
motion of the deck house, coupled “ith the ver-
tical flexure of the hull, as deduced frcm the
test a“d Hull Vibration AIIalysisusing the 20
Station Bean Model. The phase relatior,abipbe-
tween the vertical vibration of the hull for-
ward of tbe deck–house a“d that measured at the
seer” corresponds with the calml+t Ion. A
deduced vertical amplitude of +.7 roils,forward
of the deck-house would result—in a vertical
amplitude at the aft end of the deck-h..,, of
24.2 roilsand a fore-ar,d-aft rocking amplitude
of .approx. f6 roils. Since the maximum fore-
and-aft motion exceeds this value, SODI.wracking
of the deck-house is implied.

Fig”.. 6, taken from Keference (b) shows a “
forced response for the vertical motion of the
stern (read the maximum values) obtained by the
beam analysis. Also shown is the measured values
obtained d“ri”g the Official Trials and the cor-
responding fnll-pover amplitude at the same
locatlon, from Bu. Veritas calculations. For .

comparison purposes, the test data gives _
“.1..s while the calculations gi”~ a“ ..s

value, which would be about two-thirds .s larse.
The tentative conclusions reached on the

hull and superstructure “ibratio”, were as
follows:

1. The general level of forced hull “ibra-
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tion, as measured at the aft perpendicular, is
well within the previously recommended hull
criteria.

2. A sharp resonance of the deck-house, in
the fore-and-aft direction, occurs at 100 RPM
and is coupled with the vertical response of
the hull.

3. The torsional noticm of the radar plat-
form reflects a sympathetic resonance to the
sharp fore-and-aft resonance of the deck-house.

4. The sharp resonance associated with the
coupled fore–and-aft motion of the deck-house and
the vertical vibration of the hull can be readily

avoided and would not appear to pose . prc,hlem
in normal operation.

5. To more effectively evaluate this sharp
resonauce, and avoid it, if possible, in future
designs, a more detailed measurement on the
second ship may he requfred.

Longitudinal Vibration of ILainMachinery

The full power alternating thrust, maxi-
mum “alues, are shown on Figure 7. These values
represent peak values and indicate the 5th order
resonance to be above operating speed, as
predicted. As a preliminary esthate, allowing
for signal modulation and reeormnt magnification

of two to three, on the forward e“d of the res-
onance elope, a more detailed analysis would con-
firm the predicted alternating thrust of approxim-
ately ~7 ,000 pounds.

,, ,., ,,0 ,,, s, ,,, ,0.,,,,..
,,...

Figure8 shows the longitudinal vibration
of the thrust bearing and .1s. indicates the 5th
order lon~itudinal resonance of the propulsion
systemis shovethe operating speed, as pre-
dicted. The amplitudes are considered accept-
able. However, further a“alysf.si8 required
to correlate predictionswith response.

Proximity Shaft and Oil Pressure Measurements

As previously noted, the special studies
involving the shaft motions within the strut
bearing and the oil and water pressures in the .

strut bearing were lost. It “as noted however,
before the table carried away, that blade-rat,
was present in the strut bearing proximity

gages, while .nly shaft frequency was noted at
the forward end of the stern tube bearing.
Further information, if available, vi11 he in-
cluded in the final report cm this study.
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supplemental Studies

Preliminary resultsof the Hull Pressure
Forcesobtainedby lECN.f.F–D, the underwater
Photography obtained by DNV, and the Vibration

Measurements obtained by NKF were reviewed at

a meeting held in dmsterdamin September. This
meeting was also attended by Bu. Veritas and
NS~ representatives and plans were generated

for supplemental data requirements necessary
for cokrelaci.mstudiesbetweenmalyses and
test results. Plan. were also initiated for
further work considered necessary to eliminate
the superstructure resonance in this ship, if
possible, and in the follow-on hulls. ‘cbe

propeller tress measurements were nor accom-
plished at this time but are planned for the
future.

Discussion

G. C. Volcy, Member
Havingthe pleasureto know Ed Noo”an

perscmally and professionallyfor several years
1 m“.t congratulate him heartly for this paper
and thank him for the i“vitatio” to contribute.

His paper is very timely indicating the

present flaws in the state of the art in ship
vibrations as well as the way to overcoming them,
backed by concrete examples.

ln fact it is a gold mine of technical ln-
fcmmation coming from his long eXpeTien.e in
the concernedfieldand 1 seize this opportunity
to Pay homage to him for .11 his stren.o”s ef-
forts i“ the struggle against ship vibrations,
which are the “cancer of nechanics” i“ different
specialized panels in which he is for a long
time active. 0“. of them is 1S0 Ship Vibration
Working Group, where we are working together
a“d where 1 could observe and appreciate his
activity which has co”tribnted in a large ex-
tent to accelerate the completion of S~VeXd
document. such as a Code for Measurements a“d
Reporting shipboard a“d local vibrations, in-
terim guide Ii”es for acceptable vibraticms
limits,...

ln this paper, as i“ the daily behaviour,
Ed Noonan is .si”g frank a“d plainlanguage>
havingthe co.raseto clearlyexplainhis poi”c
of vie” even if this does “ot please to all
present persons. 1 agree fully with him when
ha says that in spite of the tremendous progress
in the study of ship vibration. it is still an
art. 1 thl”k .1s. that being now liberated
from burdensome ..alculations,“m? accomplished

by speedy ..mp.ter., che m..c important thing
is the good understa.dimg of the physical side
of encountered phenomena and preparation of
correct i“p”t data. If mot and if “garbage” is
put into computer “garbage” rwst come out...
and deceive the involved people. It is rayper-
sonal experience which has led me to introduce
the notion of forced “ibratlcm rescmators, the
corresponding philosophy being exposed in a
publication, see Reference (1).

In the described studies Ed No.”.” has
bee” lucky since for hi. destroyer theoretical
studies he was in possession of correlation data
used for e“al.ati”g input data for his macula-
tions. In fact it is of wmosc importance to
have the results of previous calc”lati.m of
input data related to stiff”esses, eq”ivale”t

.

masses, empirical mrcection factors ccmceming
excitatim forces a“d re.s”ltsof consecutive
u.easuremmts executed on similar or mt very
differmt ships. In my Spe.id Study a“d Re–
search Section of BuREAU VERITAS we ha”. .xe-
cuted hn”dredsof simplifiedcalcdatior.s,which
result.have bee” rathersatisfactoryand this
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because we could provide q Calculation ‘ream
with reliable input data deduced from previous
mea.ureu,ent.executed by my hfeasurementTeam.
But for cases which differ greatly from conven.
tional ones, 1 did arrive to the conclusion chat
It is better not to over rely on extrapolation.
This also, because for such cases, that 1 b.ve
had and continue to have the chance to meet,

the clients come with cmtroversable results
executed m basis of simplified and even ovaK-
simplified calculations,what is throwing them
into conf”slon and compelling them to take a
decision which is full of potential, technical
end fInancialconsequences.

If YOU are requestedto give a binding
adviceand executecalculationfor shipsnever
b“lltbeforesuch as SL 7 container ships,
350 K dwt or 500 K dwt and more tankers, or
three engine driven ro-ro ships equipped with
biggest in the world (42 500 sF) cp propeller or
even unconventional LNG tankezs to be equipped
with overlapping propellers such as the one
mentioned by the author in Reference (8),
honestly speaking you will hesitate to make
hasty considerations.

Then the answer mu.t be the most reliable

p..sib1e hence the necessityof sophisticated
and not oversimplified finite element .alc”la-
tions in order not to deceive the clients and
friends.

Thiswas also the case of FRANCE DUNKERQUE
EL PASU ships the structure of which has no
similitude with previously known to us ships
and which steel-work especially in way of thrust

bearing foundations,Put at firsto“ simple
bottom,have been radically corrected by the
Shipyard, and with endorsement of EL PASO
technical staff, according to my recommendation
well before starting the finite element calcula-
tions.

‘rhe,.calculations, to which the Autb.r
refers in item 4 of page 39, and mentioned
.1s. by Mr. Latxon, see (31) of paper Refer-
ences, concerned the detailed modelisation of
aft part, engine room and superstructures of
concerned ~NG tankers, the forward cryogenic
part being’included also into free and forced
vibration calculations as equivalent elements,
have bee” executed following our philosophy ex-
posed in (1) and acc.rdi”g to calculation pr.-
gram related to the fntegral treatment of statfc
and vibratory phenomena of engine room and

p~.pulsive plants presented at Am in 1974,
see Reference (2). The results, f“cl”ding .1s.
the calculation of free and forced vibrations
of lateral and precession (whirIi”g)and lo”gi-
tudi”al vibrations of the propulsive plant have
bee” presented in five distinct reports. 1
an also glad to learn that the calc”l.acio”sof
fr.. shafting vibrations executed by NKS, using
our thrust and shafting bearing stiffnessas have
been in general agreement with those obtained
by us. Moreover, the results of sea trials of
EL PASO PAUL SAYSER which look to give satis-
faction to Shipowner and Shipyard have co”-
firmed the efforts, tine and money involved into
these studies, executed by calling for our
philosophy, have not been .l.sc.

1 agree with the Author that such complete
.scudiesca””ot be executed at the early stage
of the project when lot of crucial decisions
must be take”. But, having at first executed
a considerable number of simplified vibration

c.alc”latiomfor conve”ti.nalships, a“d after-
wards enough numerous complete calculations
of aft part a“d engine room of big VLCC and ULCC,
LNG and EO-RO container ships, we could obtafn
a better insight on the rnutwl imeractio” of
different hull and machinery sub-assemblies,
backed i“ particular by the results of ship-
board measurements.

Now, o“ the basis of pxevious experience,
we-are preparingthe so-called“compactmodel”
for vibratim calculationswhich should maintain
a sufficient degree of credibility and provide
their quicker and cheaper execution. But be-
sides such model, we feel, like the Author, the
“rge”t med of nor. reliable data related to
different types of damping coefficients. Such

studies are also under way in my Special study
and Research Team.

Before ending 1 wonld like also to add my
agreement on the Author’s opinion i“ respect
to reliability of hydrodynamic excitation values,
a subject on which “nfort”nately it seems to
exist some doubts and eve” conf.sions.

One does COnC.Z” the influence cm hull
surface efforts of cavitation phenomenon. It is
imp...ible to work when tbe dfffere”t hydro-

dynamiciscs are showing YOU that this type of
effects may vary from two to fifteen times! 1
have had the occasion to assist at such diac”s-
sio”s and frankly speaking it looked to me that
often they are not understanding themselves, not
speaking of the same thing.

As to results to all our complete calcula-
tions of forced vibrations, where the hydrOdy-
naraicexcltatio”. have been determined by NSMB,
.ven with cavitation, the pa~ti.iPatiOn of hull
surface efforts to the vibratory level of
supexstruet”res has never exceeded 30%, the rest
being d“. to the six components of propeller ef-
fcwt.. Regarding the last one there is also a“
other confusion1 D,heco the action of the pro-
peller i“ the shipts wake it occurs, besides
hull surface efforts, the six compo”e”ts of
Pr.Peller efforts (force. and moments) and not the
bearing forces as It is often written. In fact,
the bearing forces are f“”ctio” not only of

erOpeller efforts but alSO of dynamics of line
shafting a“d characteristics of bearings a“d
associated hull steel-work. These bearing forces
are, of course, different frorothe propeller
force., evaluated by hydrohyrwnicists, a“d 1
would rather object to the oversimplifyicacion of
hydrodynamic excitation phetmme”on, as me”ti.aned
in the paper, by s“bstracting them (even by
taking into consideration of their respective
phases). For example of calculation of bearing
forces bef”g the fu”ctio” of propeller efforts
please see Reference (8) of the paper.

O“ce more my best compliments for this very
valuable and timely paper.

Refer.”...

B. Bource.w - G. C. Volcy - “Forced vibra-
tions resonators and free “ibra.tionsof the hull,,
-No”vea”tes Techniques Maritime. 1969 .

G. Volcy - H. Ga,r”ier- J. C. ffasson- ,,cIIaitI
of static a“d “ibratory calculations of propul-
sive plants a“d e“gi”e rooms of ships” ATM-41974
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F. Everet Reed, Member
M.. Noonan1s paper is excellent and raises

a lot of points that must be faced relative to
ship vibration. It often seems that the progress
in predicting and avoiding ship vibration is
f.. behind the available technology. However, it
must be recognized that the vibration level on the
ships that are now being built indicates that
either we are applying more knowledge than we
realize or else many of our past concerns about

“’vibration were unwarranted. However, there are
some ships in service that vibrate excessively,
and these are a const.mt concern and expense to
their operators.

The author lists in good order the proce-
dures ‘cobe followed in a vibration analySiS.
Hopefully as these procedures are applied, the
indefinite empirical factors (2.d) will become
continually less important.

1 am pleased co see that the author has

e~.posed that vibration acceptance levels be
expressed in terms of vibratory velocity. Not
only are the limits of human response most
simply expressed in terms of the harmonic velocity
of vibration, but also the vibratory stress as 1
will endeavor to show by a simple model.

Consider an idealized uniform Eulerbeam
simplysupportedat the ends. The equation of the
deflection of this beam when s.bjected to harmonic
excitation is:

Nhere

J=,=bmu?
E1

In= m., p,, ““it length ,

~= circular frequency of vibration

E= modulus of Elasticity

1= Moment of Inertia of the cross
section

The’beading moment in the beam becomes

rm through a rough calculation for a 720 ft.
container ship, assuming midship properties to
suit ABS rules and find thatr f. approximately
equal to 700V . Similarchecks for other str”c–
tures “ill show that for most vibrations the
vibratory velocity is a good measure of stress
and that the stresses are genexally low. Thus, ,
the acceptable levels of vibration that are

Proposed are those imposed by the tolerance
levels at which people can work effectively.

In the stated design objectives and acc-
eptance levels it is difficult to understand
why higher vibration levels can be accepted in
living qnarters which are in major s“bstr”c-
tures than in the steering gear flat which is a
part of the hull girder. In general, although
the hull girder may be reasonably well defined
in a m“lticompartmental coubata”t ship, o“ a
commercial ship it is much more difficult to
know what should be called the vibration of the
hull girder. There can be a wide variation in
“Ibration amplitude across the breadth of the
ship even over a bulkhead. It would appear
reasonable to forget all disti”ctio”s as to
str”ct”ral locations and then specify the ac-
ceptance vibration level in terms of the tasks
and equipment located in a specific location.
lt would appear reasonable co reflect the length
of tine that personnel are “orklng i“ a particu-
lar location,

lt would seen desirable co give the ship-
builder as much freedom in meeting operational
requirements as are acceptable to passenger,
crew, equipment and str”ct.re. Although the
procedures for estimating the vibration i“
well-c.ammartv.ented .mnbata”t shim are fairly
well dev~loped,the same cannot;e said for
commercialships and a shipbuilder faces
problems in bidding on tight specifications for
vibration in high-powered ships.

The N-20, Machinery VibratIon, Pa”el is
developing a code for acceptable vibrations i“
machinery. This is somewhat more detailed than
the specification suggested by the author and
is intended to serve as a guide to machine
man”fact”rers i“ the design of machinery for

o ships.

C is the distance of the remote fiber
from the neutral axis.

Now – A UJcosUJT is the vibratory velocity, ~, of
the bean a“d so the maxin”n vibratory strem

where sin ~ = I i.

6- P
ma. = Vmax EC? ~

This applies for all natural modes.

.P
To find out how large EC ~ &, 1 have

F..Mogil,Visitor
The author has well stated the status of

current technology for design, analysis, and
measurement of shipboard vibration. He is to
be commended on an excellent presentation.

The success of the DD963 in achieving a
low level vibration envir.mnent “as largely
due in part to the supportprovidedby NY.FEngi-
neering and to a positive vibration design ap-

proach. k outlined by the a.”thorthe DD963
program included specific limits to satisfy
design objecti“es. Consistent “ith this,
preliminary hull and machinery “ibratio” analysis
during the system design phase minimized changes
during detailed design and resulted i“ final
test results with little or no corrective action .
required.

one of the more significant recommendations
cited in the paper is the need for positive de-
sign criteria a“d limits. Criteria such as “Ex-
cessive Vibration” rely too much on s.bjective
interpretation and,without a quantitative value
for g“idarme, creates too broad range of ac-
ceptable limits for design and compliance demon- .

0-25



stracion. The limitof ~0.25 g as being the
lowerbound for “excessive vibration,,as defined
for the LNG carrier appears to be a resonable
value for machinery self -excited vibration.

Continued effort in standardizing the design
criteria, analysis techniques, and measurement
methods (compliancedemonstration) for control-
ling shipboard vibration Is highly desirable
and should be pursued ~gg,eSSiV,lY.

The collection and dissemination of related
studies on shipboard vibration from a central
source (or data bank) would also benefit .11
users and interested organizations. As indicated
in the paper, there are numerous codes, panels,
and international groups pursuing similar and
closely related vibration studies. The seven
research projems indicated in the paper axe
highly endorsed by this reviewer. Design guid-
ance manuals can be a strong cost-effective tool
for those chip designers who must meet the more
stringent vibration.requirements of todays mili-
tary and commercial ships.

Paris Genalis, Member
Ship designers and analysts owe the author

thanks for his paper documenting the applica-
tion of vibration technology to ship design and
illustrating it with remarks about the DD-963
a“d the 125000 CM LNG carrier design.

This discusser would only like to contribute
a remark of caution regarding the authors com-
nm”cs on the use of finite element analyses
during the design cycles to predict the vibratory
response of ship substructures.

There is “o q“esticm in this discusser’s
mind that the finite element tech”ioue is a
p.werful t..l capable of ha.dling extremely
complicated problems which would ha”e been im-

p.,s*ble tO approach without the availability of
this method.

Tbe finite element method though, requires
as an input the geometry of the structure to
be analyzed. In early design stages such detail
e..required for a proper vibratory response anal5.-
Sis is not available. As a result one is forced
to make ass”riptio”sabout the structural de-
tails of geometry and boundary co”dltions. Based
on those, the finite element method predicts
the response. The results are therefore, by
necessity, only as good as the input assumptions.

If o“ the other hand a detailed SCr”ctu,al

W.netry exists, indicating that the design
has progressed to quite an advanced stage, the
analysis can be quite accurate, b“t quite expe”-
sive. AS an example let me site the analysis
of the ASR–21, performed for static loads. Fig-
ure 1 (from Ref. 1) shows the finite element
approximation,which, complicated though it ap-

Pears, i, .eallY quite crude compared to the
real structure. Approximately six man-month.
were required to prod”.. numerical data for this
idealizati.”. More modern techniques could
no doubt c“t some time off this effort, but
still, the data preparation time is extensive,
even if o“e does not consider the man-hour ef-
fort of data preparation.

AS an alternative, it has bee” suggested
that simpler equivalent scr”ctures be analyzed,
.agai”by fi“ite elements. Figure.2 (from R.f.
2) show. the idealization of the same ship in a
much cruder way, and Table 1 (Ref. 2) shows the
comparison of measured and computed freq.encies.

,..
,..

Figure 1

R?. 2

The measured frequencies were for a physical
model, of a geometry identical to that of the
ma.theticalmodel.

TABLR 1

Frequency Experimental computed
Number H, H,

1
2

108
169

106
169

3 225 227
4 381 398
5 477 481

The table clearlY shows that the finite
elementmethodcan predictfrequenciesvery
well. spacedoe, .Ot permitme to show the
agreementof the modes,b“t that alsowas excel–
lent.

Note howeverthat the predictionw.. for
the model, not the f.11.scale ship. The ques-
tion still remains: how do you simplify the
real ship to something as simple as shown i“
Figure 2?

This discusser believes that a designer
would rather deal with a simple structure (as
in Figure 2) d“ri”g the early design cycle. if
he knew how to siniplify the real structure.
Such analysis is much cheaper and fits the
early design cycle much better, since no struc-
tural arrangement is available yet.

With this in mf”d, it is recotcme”dedthat
some effort be exp.”ded i“ .nderstandi”g the

pro.es.es .f simple ~rhe~t<cal model fo~ula-
tion in the early sta~es of the design. Finite
element analysis of such simple models can guide .

the designer through the prelirni”arydesign
,t~g~. When structural detail becomes avail-
able, a f%“.1 detailed check of the vibratory
response can be carried out, also by the finite
element
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A. Zaloumis, Member
As expected, M,. Noonan has presented a

logical, straightforward approach to the prob-
lem of considering the vibration aspect. of .
ship while in the dee.ign stage. His ability
to do so is, or course, enhanced by his many

Years of experience In thfa field and his knack
of being able to convey his thoughts in .nccm-
plicated language. It shonld be noted that
at the David W. Taylor Naval ship Resea.ch aod
Uevelopme”t Center (DTNSRDC) a very similar
design analysis procedure is followed for all
chip designs.

The NavyVs criteria for allowable vibra-
tion is co”tai”ed i“ MIL-STD-1472A (May 1970)
and accounts for the effects of vihratfon in
term of c.mf.rt, proficiency and safety. In
attempting to relate the MIL-STD criteria to
the proposed criteria hy Mr. Noonan, the MIL-
STD Comfort levels were chose”. (The allowable
levels for Proficiency considerations are 3.15
times those for Comfort; the allowable levels
from a Safety standpoint are 6.3 times tho.qe
for comfort.) Figure 1 shows a comparison be-
tween the Navy’s criteria and the author’s pro-
posed criteria for the LNG a“d DD 963. It is

%=. Iu m.—

interesting to note that the Navy criteria
allows more “ibration for the horizontal direc-
tion than for the vertical direction for fre-

quencies in exe... of 3 HZ, wiferea.the a.th.~’s
Proposed crite~ia for the LNG *S j.st the re-
“,,,,. For the DD 963, the author’s target

levels are the same for any direction of motion.
It would be appreciated if the author would
elaborate on this point.

1 would now like to comment on Mr. Noonan’s
remarks concerning the degree to which the
ship*s hull should be modeled for a vibration
study.

ID conduttiug a vihracion analysis of a
hull at DTNSRDC. the mathematical model used is
the conventio”ai 20 station lumped-mass type.
This method is considered quite adequate for the
lower modes, say up co the fourth or fifth mode.
Anything heyo”d that is quite academic since the
hull no longer responds a. . free–free beam but
instead goes thru a series of local vihracion.,
which theoretically, are infinite in nu~er.
Any attempt to model that kind of dynami. be-
haviorwodd be futileand quitemumces.ary,
eve” if possible,oot to mention the extensive
time and cost. Of course, major sub-systems
such as the propulsion .Yetea or deck-houses
should also be analysed to ascertaintheirvi-
brationcharacteristicsbut thesecan he done
cm an independentbasis.

With the ?.d”e~cof large–capacity, high-
speed co!np”ters,there appears to be a trend
towards ‘overkilli”g’ the mathematical model of
a ships hull such as shown i“ Figure 2. There
are several reasons why 1 disagree with s“th ..
approach.

Wu= 2

1. Firsr of all, far a vibration study to
have any utility, it should be performed i“ the
early design states when changes can be made
without eig”ificanc impact on other design co”-
sideratio”s. As such, a ship’s hull would “ot
have the detailed str”ct”ral definition in the
early stages that would be “ceded for a finite-
eleme”t representaci.m. I“ the later etages
when the hull %S more structurally defined,it
is usuallytoo late for swh a“ analysis.

2. Propellerforces,which act o“ the
ProPellerbearingand on the sternthrough
pressurepulsations,are at best extremely
difficultto predictwith . reamnable degree
of accuracy. It would be foolishto develop a
“cry elaborate fi“ite–element model and s“bject
it to a single-point force excitation - which
in itself is quite often a“ educ.ced guess.
Furthermore, very little is k“cmonabout the
damping of such finite elements especially at
tbe interfaces of che various s“bsy$tems with
the hull, not to mention damping due to e“-
trained water.

3. In most cases, s“h-systems such as &
p.op.lsfon systems, struts, decks, etc., have
impedances that are sufficiently different from
the hull to permit treating them as i“depe”de”t
systems. Furthermore, this enables the designer
to analyse a given sub-system when e“o.gh infor-
matlo” is a“ailable on it rather cban waiting
for all systems to be s“fficie”tly detailed for
a complete fi“ite-element study.



—.

4. The state-of-the-artcm hydro-elasticity

erecludes the consideration .f the effective
mass of entrained water in a manner that .m”ld
be commensurate with the degree of the structural
fi“ite-element model itself. Additional prob-
lems with mass loads arise when attempting to
account for the myriad of machinery, equipment
cargo, et.. that is dispersed throughout a
ships hull.

Perhaps in years to cone, finite–elerment
analyses of a complete hull may be a common-
P1.c6 tool for vibration studies of ships in
the design stage, but as of now they should be

given very l$mfted aeplicati.n.

Norman O. Hammer, Member
Every once in awhile, tbe vine industry

has what is known as a “vintage year”. That is,

a Year fn whi.h wine iS Produced of outstanding
qualitY relative t. that produced in other years.
1“ August 2975 at the S’LiSSYWO.5iUlnthe PaPer
e“tftled“Highly Skewed Propeller for San C1e-
u,e”teClass Ore/Bulk/Oil Carrier Design Con-
siderations, Model and Full-ScaleEval.ati.m,,
was presented. And today,the paperentitled
“An Assessmentof CurrentShipboardVibration
Technology”has been presented. 1 thinkthose
of us involvedi“ shipvibrationtechnologycan
say that1975will be k“ommas a “vi”taseyear”.

Nbile each paperreportson work thathas
been mdervay for severalyearsa“d outlines
two i“depende”teffortsto reduce u“wa”ted ship
vibrations, 1 believe each paper will have a
pr.f.und affect on future vibration technology.
Also, 1 believe that each of these two outstar,d-
ing projects had a number of common elements
contributing immensely to”ard their respective
s“ccessf”l outcomes that need, to be highlighted
here today.

First each effort had the full support of
all participants in the work from the start,
most impcmtantly the shipyard and the shipowner.
Second each effort was comprehensive i“ “attire
including: (1) model experimental work,
(2) a“alytf. work and (3) extensive full-scale
verification work. 1“ fact the full-seal.
“erlfication work outlined by Mr. Noonan on tbe
El Paso “Paultiy.d’ is one of the most out-
eta”ding efforts of underway sblp testing that
has ever bee” accomplished o“ any merchant
ship. About the only thing nissins from this
comprehensive full-scale test program was the
measurement of long-term propeller blade erosion
d“. to cavitation, which is a research program
in its own right.

1 think based upoo examination of the paper

presented today a nu~er of questionscan be
posed, as follows:

(1) Are those of us involved in the de-
sign/constructionprocess doing enough to in-
crease the chances of successful performance of
new ships with regard to vibration?

(2) Are the efforts to reduce vibration
comprehensive i“ nature (e.g. covering model
“cm-k,analytic “ork, a“d full-scale work)?

(3) Are the U. S. model test facilities
and response tines adequate to insure that
“ceded model experimental work tan be a.cccw–
plished domestically?

(4) Are i“divid”al ehipo~ers, a“d others
i“ tbe maritime industry “illing to support the
work needed to achieve relatively vibratlo”-

free ships? This means support in terms of
advice, cost sharing and availability of ships.

liehave only to look to the recent past
to find many examP1es of fail”,.. It is hoped
thatbased“p.” the work reportedtodayi“ the
““intageyear”of 1975we will recognizethat
it is possible to increase the number of
successes if the effort is made at the start of
precontract “egotiatio”s and at t<imecontract
signing for “ew vessels.

Author,s c1os”,,

1 would like co tba”k fir.Volcy for his
discussion which,1 feel, adds to the value of
the total material presented here today. ln

general, I interpret M,. VOICY’s remarks aa
being i“ general agreement with the material
presented, supplemented by his .wn experiences.
From the remarks presermed, 1 have identified
two points on which I might offer some additional
comment.

The first concerns simplified or over sir,-
plified calculation’aa“d extrapolations. TO be
sure, if all the necessary inputs are available,
a reliable program exists, the design ca” be
ccmsfdered conventional, a“d confirmins full-
scale tests on slmilax designs are available,
there should be little difficulty i“ performing
the analysis and reliably predicting the res”lcs.
Unfortunately, however, this is seldom the case
i“ the preliu.i”arydesign phase. ln ne”, or
“n”...] designs, in which much of the required
inpw data is eithermissingor subjectto
changeit is necessaryto rely on simplified
=wpro==hest. ~ke earlydecisiom. The value
of the resultsobtainedby such simplified anal-

Y.e. iS. however, largely dependent on the
experience of the investigator. The applicati.”
of thie experience to “ew or un”s”al designs or

problem areas i., therefore, referred to .S an
art. TO employ extensiveanalyiieswhm inade-

quate data is available, will produce, as Mr.
Volcy indicates, only garbase.

More .signiffca”tly,in the case of the LNG,
in which E“rean Verltas performed very valuable
finite analyses of the ship’s afterbody, these
analyses were performed after the hull form was
selected and the structural details were com-
pleted. 1 believe the important point to make
here, is that the vibration characteristics of
a design are deper,de”ton many factors and that,
at this time, it is not sufficient to satisfy
the problem needs foc a shipbuilder or designer
to obtain a wake survey, establish propeller
characteristics, select a structural arrange-
ment a“d pour it into a computer. The cook-
book approach is not yet available, nor will it
be ““til he can calculare, test and cotvslste”tly
co”fir!nthe calculations.

The second comment concerne the exciting
forces. To avoid any mis”n.derstanding, “e refer
to “Beari”g Forces” and “Hu1l Fress”re Forces”. &
Bearing forces, are, as Mr. Volcy indicate,,
the six components of propeller effort (three
forces a“d three mements) which enter the ship
mechanically thr” the shaft and bearings. De-

pending on the model and the analysis used,
these forces and moments may be directly applied,
or corrected by the dynamic magnifier generated
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by the Intervening structure. The bull stmface

forces *re another ~tte~. Approximations can
be made, based .“ experience, or approximations
..” be estimated by computer programs. 1“
eithercase,however,the true forcesare
largelyalteredby the effectsof cavitation
and the orderof mag”ftudecan be so signifi-
cant (10 to 20 timesthe estimatedor calcu-
latedvaluesare “ot ““usual)a, to renderthe
totalinputforcesquesti.mablei“ many cases.
Considerablymore effortis considerednecessary
i“ predictingthe inputfoxceswith the degree
of cavitationexpected. When is the data useful
and when is it garbage? This is probably the
most eignificar,tproblem present i“ ship vihra–
tie” at this time.

Mr. Reedrs discussion is a welcomed contri-
bution to the subject of Shipboard Vibration
Technology which we are concerned with at this
time. His contribution supports the use of vi-
bration levels defined in terms of vibration
velocity,

M.. Reed suggests it would appear reason-
able to forget .11 distinctions as to struc–
turd locations and the” specify the accept.”..
vibration level i“ tenr,sof the tasks a“d
equlpme”t located i“ a specific location. This
1 can concur i“, as long as we are dealing solely
with capability of men and machines of effec-
tively dealing with the vibratory envirorrre”t.
There is, however, another consideration, a“d
that is, as stated in the Code for Shiphoard
Vlbration Measurement, “to provide a basis for
designprediction, inpro”ertents,and comparison
with vihratio” reference levels or accept.”..
criteria”, ln this respect, tbe vihr.storyce-
sponse of the hull girder, as measured at the
aft-perpendicular, is still considered as the
most effective basis for such evaluation. Tha
forced response at the stern is still, in the
opinion of the author, as the best measure of
the “efficiency” of the design, in regard to

tbe hull form, Pr.Peller characteristics and
result:ng @rder response. hy other locatic,n
f, ,Igniffca”tly effected by local structural
design details.

Discussions i“ this area can generally
emphasize the ‘Vart,,in shipboard vibration
engineering. The stern measurement. are con-
sidered basic to any investigation of excessive
or tro.hlesome structural response. It is the
opinion of this investigator, that the girder
motion, when judged against a set of guide-lines,
and the local response of substructures or struc-
tural .Ieme”ts, with reference to this motion,
are basic requirements to the problem identifi-
cation and to the determination of the effec-
tf”eness of alternate solutions.

ln dealing with the code of acceptable
vibrations in machinery, caution is recommended.
At this time considerable work is underway in
the Shock and vibration committee of the lnter-
“ational Organiz.atio”for Standardization. ln
most cases, “ihration limits are based on in-
ternally excited forces a“d the effect of these
forces o“ the life of machine components, par-
ticularly bearings. The effect of a vibratory
enviro”rrent,superimposed on these forces, is
not too well known at this time. It is recom-
mended that close collaboration be maintained
with the 1S0 program i“ this area.

1 would like to thank M,. Mo8i1 for his
comments and strong support for the content a“d

recomne”dations offered i“ the paper. Of par-
ticular interest is Mr. Mogil!ssupportof vi-
hratloncriteriaor specification=.eIat*ve,-0
the controlof vibration. Althoughmoat builder,,
are inclinedto objectto the restrictionsim-
p.sedby such specificationsthis is the O“lY
effectivemethod of obtaining the improvements ,
desired. lt fS 3VlP0rt.l”t, b.mever , that che
specifications be realistic and practical to
achieve. Since a responsible shipbuilder will
“mme.lly plan to conduct some reasonable vibra-
tion control program, such specifications tend
to define the scoPe of che effort, enables
then to place reasonable cost estimates on the
work and avoids the handicap that may result
when a competitor omits the item and ‘-takeshis ~
chances”. When this happens, the problem is
frequently resolved by lawyers, rather than
solved by engineers.

The discusslo” presented by D.. Genalis is
extremely welcomed. It does two things. First,
it demonstrates complete agreement with the
observationsmade, and the examplesgive”i“
reference7 of the paper,a“d 1“ the DO-963
Program,that finite-elementanalysisis mot
warrantedduringthe preliminarydesign cycles.
Secondly.,it points up a possible problem of
interpretation. Perhapsthis c.” be clarifiedby
enlargingon item 12 of raygeneralobservations
relati”eto the use of finiteelementil”c41YS~S
of major substr”et”res a“d propulsion systems.

It was tbe intent of this point to convey
the understanding, that “he” the s“h.structure
or prop”lsio” system design has bee” firmed up,
that a fimite element analysis of the limited
system, as opposed to the complete hull, sub-
structure and propulsion system, .a” pro”id,
more useful information than the analysis of
the complete package, which some designers pre-
fer. It has been o“r experle”ce that the total

package is too large, to. expensive to run, and
the results less accurate than those obtained
by analyzing the individual substructures i“
which greater detail is possible. Examples of
this were the support str”ct”res for the g“n
turrets on the DD-963 a“d the shafting systems
of both the DD-963 a“d the LNG, as calculated
by NsP.

In this regard, D,. Gemalfs also agrees
with M.. Zalownis a“d M,. Volcy, that che fi“ite
element analysis is not the answer to a l-laid.”1s
PraYer, and should be used with caution. ln
this 1 would whole-beartedly agree.

Dr. Genalis has suggested that In the”pre-
liminary design stage a simplified model is re-

quired. This is co”c”rred in as suggested in
Reference 7, and as used on the DD-963 and on
the LNG, the 20-station bean model produced good
results. This is not to implythat this method .
.allnotbe improved “pen, rather, that it ha,
bee” an effective tool. Further development in

thfs area would be most welcome, and I would
Proeo.e that the Ship Structure Committee give
this suggestion serious thought as a possible re-
search project, &

Mr. Zaloumis’ comments are most welcomed.
They permit me to clarify a few misunderstand-
ings which are frtiquen.tlye“c.aunteredi“ respect
to a shipboard vibration habitability criteria.
Ftrst let me point out, that the MIL-STD-1472A
(May 1970) apparently is based o“ the lncerna-
tional Standard, lSO/DIS 2631, “Guide for the
Eva,l”atio”of Euman Exposure to Whole Body Vihra- .
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tion,’,and, in this case the Navy Criteria allow
more vibrationin the horizontaldirection,than
in the verticaldirectionabove 3 Hz, as noted
by M.. Zaloumis. It shouldalso be noted that
the 1968 draftof this 1S0 standard showed the
tompara.tiveallowable horizontal level was ~
than the vertical level. titthat time the
allowable horizontal level was given as 60% of
the vertical level and is referred to in refer-
ence 7. This 180” turn was made at the 1S0
meeting of 1969 in Dusseldorf, Germany. This
was discussed in dpeth in a proprietary report
to NSRJ5Centitled “A Proposed Crfceria for Hull
Vibration Based on Habitability Requirements”,
dated 31 August 1971. Tbe following paragraph
is taken from that report.

“The ~St recent 1S0 document(1970)in-
troduced. drasticchangein the limits
for horfzont.1“ibracion. ln the current
version,the criteriafor horizontalvi-
brationis a constantvelocityfrom2 Hz
to 80 Hz and a constantaccelerationf.
the 1 Hz to 2 Hz range. In the 8 Hz to
80 Hz range,in which the 1S0 proposes
a constantvelocitycriteria,the most
recent1S0 horizontalcriteriais mm.I
about8.5 dB - thaa the vertical
criteria,wherepreviouslyit we..about
3 dB ~. This represents a net change
of about 12 dS, from an allowable ve-
locity of 6 run{.,,to more tb.m 24 mmf,ec.
The earlier 1S0 horizontal criteria (1968)
appears to more accurately reflect ship–
board experienceand was used as a prfn-
Cip.91basis for establishingthe recom–
mended limits.“
To support this viewpoint 1 am appending

a series of c.rues entitled ,,Ship Vibration -
Interim Guide-Lines for Habitability Criterion
(September 1974), Comparison with Various
Criteria (Peak Values)”. This compilation w.,
made by Mr. Viner of Lloyd!. Register and one
of the British members of working Group 2, of
1sOITC1O8ISC2 “Vibration of Ships,,. 1“ all
cases, excePt the German VD1 P1ot which does
not differentiate between Horizontal and Verti-
cal, the Horizontal Criterion is lower than the
Vertical Criterion. These include the B. S.R.A.,
BureauVeritas, lRCN, Japanese (1970) Proposal,
and Lloyd9s Register.

With respect to the DD-963 Target (for .11
directions) and the proposed LNG Sp~cifi’cation,
the following table will chow their comparison
s.itbthose I recommended to the NavP in the

PrevTOuslY cited report of 31 Ausust 1971.
You will note these “.1”,s aPPly to the

hull girder, and, in addition to meeting mini-
mum requirements for habitability, are ince.ded
t. refleCt the state-of-the–art. The recommended
values represent a general set of values. Tbe
LNG specification values represent the authorrs
assessment of . reasonable set of values for
that particular ship, which were handily achieved.
The DD963 “dues were eet by the Navy. The mid-
ship values compare well with the LNG stern
values, while the stern values for the destroyer
employs the recommended vertical limits for botb
vertical and horizontal directions.

As this point it ia appropriate co bring
to your attention tbe mast recent version of
the 1S0 “Interim Guide-Lines for Hull Vibration
Criterion”, which was approved by the Ship Vi–
bration Working Group, at their September 1975

Vibration Velocities, mmfeec

Recommended*
Vert. Hox.

Objective 7.5 5.0
Limit 11.25 7.5

*All ships of the Navy

*
Vert. Em.

Objective 6.25 3.75
L?mit 9.375 5.625

Obj~CtiV,
Limit

Objective
Limit

meetin!+in Amsterdam.

DD963(Midship)
Vert. Hor.
6.0 3.6
8.0 4.8

DD963(Stern)
Vert. nor.
8.0 8.0
11.25 11.25

YOU will note that it is
simila~ to the 1974 version, which is included
in the report, except that the uPPer constant
velocity line has been reduced to 9 mmlsec,

aPPrOXi=tely the value proposed for the LNG.
This interim guide-line does not differentiate
between vertical and horizontal vibration, be-
cause the 1S0 Prefers t. develop their Zuide
lines by the use of reliable data, based cm their
proposed code, which was also approved by tbe
working gzoup in September, 1975. However,
Preliminary data shown by the VID, suggests “e
will have a lower criteri.mforhorizontalvibra-
tion.

AS a fimal point on the low-frequency
values, a constant velocity criterion is cotl-
sidered appropriate for turbine driven ships.
The .o.stdit acceleration curve, in the low-
freque”cy range, is considered appropriate for
diesel driven ships, because of their large
unbalanced forces and moments. This is re-
flected in the Norske Veritas proposal and should
be borne out when sufficient data is collected.

lrIhis remarks on structural modeling,
Mr. Zaloumis points out that NSSDC uses a
similar analysis procedure with the coove”tional
20 station lumped-mass type but doubts the
credibility of the response above the 4th or
5th node. Since he also questions the credibil-
ity of the finite-element technique, 1 am not
sure what NSRDC does at this point. I am con-
fide”t, however, that an improved approach is

possible, for use in preliminav design. That
is another paper, however.

‘COclear the air, 1 would refer Mr.
2a10umls to my response to Dr. Genalis, who
raised somewhat similar remarks concerning the
application of the fi“ite-element technique.
If you refer to my remarks closely, you will
recognize that we all three hold similar posi- ,
tions cm this POiDt. IIImy paper, however, 1
have avoided making specifi. reco~endatfons,
because, as in the case of the hull vibration
criterion, too many factors are involved and
the application of criterion, specifications,
computer Cechniqnes, et.. are .11 tools. The
application of these tools in the design process
is still an art. That is the then.of the
w.,
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M.. Hammer,s remarks are a welcomed sup-
plement to thispaper. He has raisedseveral
significantquestionson the adequacyof the
approachesused, in many casea,in our efforts
to limitmid controlshipboardvibrato.. Mr.
Hammerhas .1.. answeredsome of thesequestions,
which are primarily directed to the designers,
builders and owners. For the sake of the record,
however, 1 would offer a few general remark..

First, 1 believe, that i“ most ..s.s, an
adequate program to minimize vibration is
neither centemplated nor funded. It is .1s.
evident, in the two programs cited, that good
vibration characteristics ca” be achieved, if
the effort is made.

As a second point, a greater willing”,,.
on the part of industry, to exchange technfcal
i“fonration on given designs is necessary if we

0-42

are to improve our positicmin thisarea. &t
the preeenttimewe havemade progress,thru the
Research Panels of the S.N.A.M.E. Nhac we need
now is more directcooperationby the owners
and builders,in conductingfull.scale studies
o“ new desigms, as outlimed in the recently
published “Code for Shipboard Vibration Measure-
ments.”,and the inc.lwion of the test results
iq the S.N.A.M.E. data bank.

Finally, 1 consider the fact that rnost de-
signs are tested in Europe to represent an .ad-
miesicm of the fact that the U.S. model test
facilities, response times and costs to be
less attractive than those of our European
COlle.g”es 1 would raise a personal question
to Mr. Hammer, as to what steps are being take”
by the Maritime Administration to narrow cbis
gap?
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