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MILITARY STANDARD

MECHANICAL VIBRATIUNS OF SHIPBOARD EQUIFPMENT

1. SCOPE

1.1 Scope. - Tuis standard covers the requirements of most naval machinery and equipment as
regards both Interrally excited vibrations, and externally imposed vibrations. In some special
equipment or installations, such as antennas, and large machinery items, it may be necessary to
deviate from this standard. 1n such cases, special modifications shall be approved by the bureau or
agency concerned.

1.2 Purpose.- The purpose of this standard is to aid in the choice of and ensure consistency in
vibration requirements for equipment. The bureau or agency concerned should refer only to those
sections of this standard applicable to their equipment, that is, electronic equipment procurement
specifications would reter to only type 1 vibration requirements; but a specification for a diesel pro-
pulsion system may possibly refer to types III, IV and V vibration requirements.

1.3 Classification. - Mechanical vibration encountered on shipboard machinery and equipment
shall be classilied under the following types:

Type I - Enviromental vibration, - This type applies to all equipment intended for
sEipboarH use, which must be capable of withstanding the environmental

vibration conditions which may be encountered aboard naval vessels.

All equipment sensitive to this excitation should be subjected to environ-
mental vibration tests,

Type II - Internally excited vibration. - This type applies to all rotating machinery
which must operate smoothly from the standpoint of mechanical suita-
bllity. This does not apply to sultability from a noise standpeint, nor
does it apply to reciprocating machinery.

Type III - Torsional vibration. - This type applies to all reciprocating machinery
“Installations as well as to propulsion shafting systems employing

reduction gears.

Type IV - Longitudinal vibration. - This type applies to all propulsion shafting
" instaliations.

Type V - Lateral (whipping) vibration. - This type upplies to all turbine and
propulsion shafting installations.

2. REFERENCED DOCUMENTS

2.1 The following specification, of the issue in effect on date of nvitation for bids, form & part
of this specification:

SPECIFICATIONS

MILITARY '
MIL-M-17185 - Mounting, Resilient, Tests for General Specification
{Shipboard Applicaticn).

(Coples of specifications, standards, drawings, and publications required by contractors in con-
nection with specific procurement functions should be obtained from the procuring agency or as
directed by the contracting officer. )
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3. GENERAL REQUIREMENTS

3.1 Typel - Envircnmrental vibration. - This part of Lhe standard requires equipment to be sub-
jected to a simulatedeavironmental vibration citanencountered aboard naval vessels. The displace-
ment amplitudes and frequencies specified are consistent with levels of vibration observed on main
structural members of numerous vessels. Many items of equipment are sutjected to more severe
vicrations, oy virtue of resonant mounting arrangements. However, since such resonant installations
are considered abnormal, the aggravated levels of vibration are not used as a criterion. Iiis
expected that abnormal installations, where the amplitudes of vibration are magnified, would be cor-
rected. The squipment would then be subjected to normal hull vibration.

3.1.1 Definitions. -

3.1.1.1 Amplitude of vioration. - Al references to amplitude of vibration in this section refer to
displacement amplitude, as distinguished from velocity or acceleration amplitude. Amplitude is
EET&eH as the maximum displacement of slnuscidal motion from the position of rest, or one half the
total excursicn, Its value is expressed in plus or minus inches or plus or minus mils (0, 001 inch).

3.1.1.2 Resonanceis s condition of maximum magnification of the applied vibraticn. It is
usually manifested by visibly increased vibration of the equipment under test. However, a resonance
of an internal component of the equipment, with no outward manifestation, is also possible. In this
case, U the equipment is electrical or electronic, the resonance may be detected by observing some
cutput function of the equipment, such as voltage or current.

3.1.2 Environmental vibration. - A!l machinery and equipment installed aboard naval vessels
will ordinarily be subject to varying frcjuencies and amplitudes of vibration, possibly for long periods
of time, during which the machinery and equipment must continue o perform its normal functicn.
Principal causes of steady-state shipboard vibration are (a) propeller blade excitation, and
{b) unbaianced forces of propeller and shafting. In most vessels the vibratien frequencies encountered
vary from zerc to approximately 1500 ¢c. p.m. (25 ¢.p.s.). In several of the latest submarines, excit-
ing frequencies of up to 2000 c.p.m. (33 c.p.s.} are expected. The severity of vibration depends upon
amplitude, frequency, type of ship, and location of equipment within ship’s structure. In severe
Sleady-state conditions, amplitudes of vibration of as much as plus or minus 0. 030 inches have been
measured at the bases of various equipments, These maximum amplitudes and frequencieg determine
the simulated environmental vibration tests specified in 3, 1. 4. .

3.1.3 Basis of acceptabllity. - Acceptabilily will be contingent upon the ability‘of the equipmernt
to withstand tests speciied In J.1.4 and the ability to perform its principal functions auring

and after vibration tests. Minor damage or distortion will be permitted during test providing such
damage or distortion does not in any way impair the ability of the equipment to perform its principal
functions, Because of the numerous types af equipment covered by this standard, a definite demnarcation
between major and minor failures cannot be specified. Therefore, such decisions must necessarily
be left to the judgement of the test engineer. In general, a major failure is one which would czuse
maloperation or malfunction of the item of equipment for a long period. Nonrepetitive failures af sucn
parts as vacuum tubes, condensers, and wiring, which can be easily replace or repaired are generally
considered minor failures. As such, the repair could be made and the test continued, with no penalty
to the remainder of the equipment. Sometimes the critical use of the equipment will determine the
category of fallure, thatis, a fallure of a component in a lighting circuit may be considered minor.
The same fallure in a reactor control circuit may be major. Thus, the lest engineer or bureau or
agency concerned shall be responsible for specifying 2 major or minor faflure. Unless otherwise
specified, by the bureau or acency concerned, the contractor shall repalr, at his own expense, any
and aii damage resuiling from the tesis. Failure to test the equipment in accordance with 3.1. 4
because of unavailability of suitable testing machines, does not release the contractor {rom providing
equipment which could withstand the environmental conditions simulated by 3.1. 4.
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3.1.3.1 Exception.- If, in the opinion of the test engineer, there s any douybt that the eq:ip-
ment under test coﬁla sat)sfactor.ly withstand the vibration conditions applied fot a period in excess
of the time specified in 3.1.4, this fact shall be included in the official report, required by 3.1. 4. 4.

3.1.4 Test procedures. - The test outlinéd under this section s intended to locate resonances
of the equipment and impose a 2-hour endurance test at the most damaging amplitude and frequency.
However, this test does not constitute an a.ccelerated e test in the sense that compliance with the

standard would auwmuucauy ensure continuous satisfactor ¥ O peration of the G\-lulyulcllt.

3.1.4.1 Testing machine. - Vibration tests shall be made by mean of any testing machine
capable of meeting the conditions Specified in 3.1.4. 3. Means shall be provided for controlling the
direction of vibration of the testing machine and for adjusting and measuring its frequencies and
amplitudes of vibration to keep them within prescribed limits. I the lower frequency limit of
5 cycles per second {c.p.s. ) speclfied in 3.1.4. 3. 1 cannot be reached, the available machine may be
used upon approval of the bureau or agency concerned provided the natural frequencies of the equip-
ment in transladonal and rocking modes of vibration do not lie below the lowest frequency of the
avajlable testing machine. This may sometimes be determined by bumping the equipment to see
whether low frequency resonances exist. In no case shall a vibration testing machine be used which

has & minimum frnﬂuaﬂbu rrrpnlpr than 10 r, p.s

WEO i naLseddasiwnad S

3.1.4.2 Methods of attachment. -

3.1.4.2.1 Shipboard equipment. - For all tests, the equipment shall be secured to the mounting
bracket of the testing machine in the same manner that it will be secured aon shipboard. In case
alternate methodsof mounting are specified, tests shall be made using each method of mounting speci-
fied by the bureau or agency concerned. For equipment designed to Le secured to a deck and a head-
brace support, a veriical bracket shall be used to simulate a bulkhead. The bracxet shall be suffi-
ciently rigid to insure that its motion will be essentially the same as the motion of the platformr of the
testing machine. When the equipment is intended to be installed on resiiicnt mountings, these mount-
ings chall be provided by the contractor or installing activity as appropriate.

3.1.4.2.2 Shipboard portable or test equipment. - Portable or test equipment, which is designed
for parmanent or semipermanent attachment to ship structure shall be attached to the vibra‘ion
testing machines in the same manner it is attached to the ship. Equipment which is not designed for
permanent or semipermanent attachment shall be secured to the testing machines by means of suit-
able straps.

3.1.4.2.3 Orientation for vibration test. - Equipment shall be installed on vibration testing
machines in such manner that the direction of vibration will be in turn along each of the three recti-
linear orlentaijon axes of the equipmen: as installed on shipboard - vertical, athwartships, and fore-
and-aft. On a horizontal vibration testing machine, the equipment may be turned 80° in the horizontal
plane ir order to vibrate it in each of the two horizontal orientations. At no time shall the equipment
be installed in any other way than its normal position.

3.1.4.2. 4 Resilient mountings. - "hen equipment is to be installed aboard ship on resilient
mountings, the vibration tests shall be performed with identical mountings atiached to the equipment.
Uniess otherwise specified, by the bureau or agency concerned, the mo.ntings shall be furnished by
the equipment manufacturer. Since mountings are primarily used wher required for shock protsctlon
or submarine installations, the mountings shall have been previously evaluated in accordance with
Specification MIL-M-17185. Where mountings are to be Government furnished or supplied by the ship-
builder or installing activity, the equipment manufacturer shail specify the type of mountings and
provide detail sketches showlng the locations and methed of attachment to the equipment.
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3.1.4.3 Vibration tests. - Each of the tests outlined herein shall be ~onducted separately in
each of the three principal directions of vibration. All tests in one direction shall be completed before
proceeding to tests in anoiher direction. The equipment shall be secured to the vibration table.asspec
fledin 3.1. 4, 2and shall be energized to parform its normal functions. Altanpiitudesof vibration speci-
tied herein are average amplitudes of the vibration table. The test shall be discontinued upon evidence
of any fajlure of the equipment to meet the requirements of 3.1. 3. If it is found necessary to repair
any damage severe enough to constitute a failure of the equipment, the entire test shail be repeated,
unless otherwise directed by the bureau or agency concerned. The manufacturer may, at his oplion,
sybstitutle an entirely new equipment {or retest. U this optlion is taken, it shall be noted in the test
report furnished in accordance with 3.1. 4. 4.

3.1.4.3.1 Exploratory vibration test.~ To determine the presence of resonances in the equip-
ment under test, the equipment shall be secured to the vibration table and vibrated at frequencies
from 5 c. p. 5. (or lowesl attainable frequency) to 33 c. p. s., at a table vibratory amplitude of
0. 010 plus or minus 0. 002 inch. The change in frequency shall be made in discrete frequency inter-

vals of 1 c.p.s. and maintalned at each frequency for about 15 seconds. The frequencies at which
resonances occur shall be noted.

3.1.4.3.2 Varialie trequency test. ~ The equipment shall be vibrawed from 5 c.p. 5. (or lowast
attainable frequencyy to 93 c. p. 8., In discrete frequency intervals of 1 c. p. s., at the amplitudes
shown In table I. At each integral frequency, the vibration shall be maintained for 5 minutes,

3.1.4.3.3 Endurance test, - The equlpmem shall be vibrated for a total period of at least
2 hours, at the resonant Irequencies chosen by the test engineer. If no resonance was observed, this
test shall be performed at 33 c. p. 8., unless excepted by 3.1.4. 3.4. The amplitudes of vibration

shall be in accordance with table ],

Table ] - Amplitudes of vibration.

Frequency range. Table amplitude

(c.p.s.} olus or minus inch
: 51015 : D0.0304+0.006
: 16 to 25 : .020+ 004 ¢
: 26 o 33 : .010+ 002 :

3.1.4.3.4 Exception. - Equipment intended for installation on a particular class of vessel,
need not be vibratad at the frequency range higher than tne exciting frequency of the vessel. For
example, i equipment is to be installed on a vessel with a maximum exciting frequency of 18 c.p. 5.,
the equipment has to be vibrated at only the first 1wo ranges shown in table 1.

.. 4.4 Test report. - The test report to be furnished the bureau or agency concerned by the
testing, moﬁl‘-aiﬁry shall inciude detaiied ut‘:Sc‘:ﬁrJuc‘JﬁS of any cumaqe or malfunciioning incurred and a
what stage 4in the tests it occurred. When possible, photographs of physical damage shall be include
Recommendations are desired as to what corrective measure, if any, should be taken. At the dis-
cretion of the test engineer, it shall also include other pertinent information, such as the overall
dimensions of the equipment, its wei.yht, approximate location of the center of gravity, and a sketch
or photograph of the methods used in mounting it on the test machines. .
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3.2 Type Il - Internally exeited vibration. - This section of the s'andard covers the balance and
vibration requirements to be specified in the procurement of new machinery. Thve limitations set
forth herein may alsc be used as criteria on overhaul tolerances, but should not constitule a criterion
f5r the need for overhaul, that is, if a turbo-generator set-is vibrating pius or minus 10 mils it
would be obvious that an overhaul would be in order. Iu such case, the balance and vibration toler-
ances of this standard may be used as overhaul tolerances, but if the turbo-generator set is vibrating
at a level slightly above the curve of figure 1, it need oot be removed for overhaul, merely because
the level exceeds the curve value.

3. 2.1 Definitions. -

3,2.1.1 Static balance of a rotating body exists when the center of gravity of the body lies on the
rotational axis. A Stalic unbalance results in a force unbalance which tends to displace the body from
its axis of rotation. Force unbalance can be corrected by single-plare correction.

3.2.1.2 Dynamic balance of a rotating body exists when the summation of the moments about the
bearings equal zero. A dynamic unbalance results in a moment which causes a rotating body 1o
osciliate about an inertia axis perpendicular to its axis of rotation. 'When a body has a dynamic or

mrmommd taemde Yo nm o aabicfaabmwily wa acd Trar dasrm o by \
moment u.uud..td.m.e:, it can be satisiactor uy¥ removed \.nu_y Oy IWO-0OI-more pmu: Correcluon., wnena

body is in dynamic balance, it is also in static balance.

3.2.1.3 Correction planes. - A correction plane is one perpendicular to the axis of rotation of
a body, within which plane weights are added or removed in order to reduce unbalance.

3. 2.2 Basis of acceptabjlity. - Al rotating machinery shall be balanced to minimize vibrotion,
bearing wear, and noise. The types of correction, as shown in table 1I shall depend or the speed of
rotation and relative dimensions of the rotor.

Table If - Types of correction.

: Lengt.h/dia.meter‘ Speedr.p.m : Type of correction

: :  ©-1000 : One plane (static)

: Less than 0.3 Grealer than 1000. Two plane (dynamic) :
Greater than 0.5 ° - 150 + One plane (static)

Grealer than bO Two plane {dynamic)

XL

d diameter refer to dimenstons of rotor mass,
sup| mrtmn shaft,

=
g
<'%
:a.g

3.2.2.1 The limits of allowable unbalance shall conform to 3.2. 3. 2. In addition, the limits of
vibration shall confsem to figure 1. The methed of applying balance correction shall be designated in
the specification covering the particular piece of equipment.

3.2.3 Procedure. -

3.2, 3.1 Balancing methods. - Except for machinery operating below 150 r. p, m., all balancing
shall be accomplished by means of balancing equipment which requires rotation of the work piece.
This muay be either shop or portable type balancing equipment. The minimum detectable unbalance of
the palancing machine used shall be below the residual unbalance specified by 3. 2. 3. 2. For machinery
ruted at lower than 150 r. p. m., the rotor may be balanced by symmetrically supporting the rotor on
two knife edges and applying correction to atlain a static balance.
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3.2.3. 2 Balance limits. - When balanced in accordance with 3. 2. 3.1 the residual unbalance, in
each plane of correcgion, of any rotating part shall no! exceed the value determined by:

U= %’for -speeds in excess of 1000 r.p. m.

or Us= &sggfor speeds between 150 r.p.m. and 1000 r. 0. m.
or U = 0. 25W for speeds below 150 r.p. m.
where U = maximum allowabhle residual unbalance in o0z. -inches

W = weight of rotating part in psunds
N = maximum operating r. p. m. of unit

3.2.3.3 Vibration test. - When mounted as specified in 3. 2. 3. 3. 2 and measured in accordance
with 3, 2. 3. 3.7, the residuai vibration amplitude shall not exceed the values shown on figure 1. In
most machinery, the residual vibration will be principally at rotational frequency (first order). In
these cases, the measurement may be limited to the evaluation of tirst ordar vibration only. In the
case of complex machinery, which include reduction gearing, impellers, or other vibration exciting
sources, it is expected that higher orders of vibration may erist. In such cases, measurements must
indicate that elther: .

{a) The overall vibration velocity level 15 less than plus or minus 0.3 inch/sec
with a maximum allowable displacement of plus or minus 2.5 mils, or

(o) The displacement amplitudes at all component frequencies shall fall below the
level of figure 1.

3.2.3.3.1 The procurement specification for the item of equipment shall specify whether vibration
measurements may be limited to first crder, or be extended to cover higher orders. In general,
machinery such as motors, generators and simple rotating devices with' no gears would have a princi-
pal vibration of only first order. Machinery such as gecr driven units, units with internal gearing,
rotary pumns or compressors and fans and blowers would often have higher orders of vibration, in
additior to the first order.

3.2.3.3.2 Mounting. - After balancing, the unit shall be comgpletely assembled and, if practicable,
mounted elastically at a natural frequency less than one-quarter of the minimum rotational frequency of
unit. To accomplish this, the minimum statlc deflection of the mounting should be delermined by
figure 2, but in no case shall thedefleciion exceed one-half the original height of the elastic element.
On machinery that cannot Ls mounted as described, the unit shall be mounted on a fcundation the same
as, or commensurate with, the shipboard mounting for which it is-intended, unless otherwise approved
by the bureau or agency concerned.

3.2, 3.3.3 Measurements. -~ On all machinery except turbines, amplitudas of vitration shall be
measured on the bearing housing in the direciion of maximum amplitudes. In the case of turbines,
amplitudes of vibration shall be measured on the rotating shaft, adjacent to the bearings. Care should
be exercised o ensure that the shaft i5s smooth and concentric. Eccentricity of shaft or high spots on
the shaft may easily result in erroneous readings, Amplitudes of vibration shall be held within the

o P an be o
limitc shown on u?ﬁ?é 1. On constant speed units, measurements shall made at the operatin

In the casa of variable speed unlts, measurements shall be made at maximum speed and at all critical
speeds withinoperating range.

3.2. 3. 3.4 Instruments. - Amplitude and frequency measurements shall be made with a sultable
vibration {nstrument with a sensitivity consistent with the amplitude and frequency specified by

fiqure 1.

~ crmand
i nu.u\, Sl

3
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3.2.3.3.4.1 When it is kmown that a unit is vibrating at principally one frequency, any of the
following types of instrumentation would suffice:

{a) Beam type vibrometer, such as Davey, or General Electric.
(b) Vibration meter, such as MB, Calldyne, or Consolidated.
(c) Mechanical recording vibrograph, such as Askania, General Electric or

Waoatinmhniina
weSUngatu=.

{d) Reed type frequency vibrometer (this would be necessary if the vibration
instrument used does not also define the frequency).

3.2.3.3.4.2 In the case of more complex equipment the following types of instrumentation would
be necessary:

{a) Mechanical recording vibrograph, such as Askania, Geiger, Geheral Electric
or Westinghouse.

(b} Electronic vibration meter, such as MB, Calidyne, or Consolidated, together
with oscilloscope, recording device, or frequency analyzer.

3.2.3.3.5 Exception. - In the case of complex machinery items, such as assemblies employing
reduction gears, the %lowable amplitudes shown on figure 1 may be too high for proper dperation of
the equipment. In such case, allowable amplitudes based on manufacturing tolerances and clearances,
and operationLal requirements, will be specified by the bureaw or agency concerned.

3.3 Type Il - Torsional vibration. -

3. 3.1 Definitions. -

3.3.1.1 Mass elastic system.- The mass elastic system is defined as the equivalent oscillaticg
system which retains as closely as possible the dynamic characteristics of the actual system. This
equivalent system consists of a series of mass moments of inertia of rotating and reciprocating eie-
ments interconnected by torsionally flexicle elements, Auxillary drive elements such as camshafts,
pumps, and blowers, are as much a part of the mass elastic system as are the shafting, couplings,
and masses of the main drive elements.

3.3.1.2 Torsicnal vibration.- A torsional vitration is & vibration that is characterized by
anqular displacement of the mass elastic system relative to its axis of rotation.

5.3.1.3 Vioratory amplitude, - Vibratory amplitude is that angular displacement induced by the
torsional vibration of a mass elastic system.

3.3.1.4 Vibratory torque. - Vibratory torque is tha
a mass elastic system.

ibratory torque is that torue induced by the torsional vibration of

3.3.1.5 Vibratory stress. - Vibratory stress is that stress induced by the torsional vibration of
a mass elastic system.

3.3.1.6 Mode. - Mode is the manner or pattern of vibration and is described by its natural {re-
quency and re'ative amplitude curve.

3.3.1.7 Node,- A node is a paint of zero vibratory amplitude.

Lo TS T T o S o s S, Tl s L "y - Py
3.3.1.8 Ordar. - Order is the number of cycles o

the reference shaft,
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3.2.1.9 Operating speed range. -

- P av i

of a constant speed unit, the operating Speed range is irom 80 pércent io ihe
overspeed trip setting.

(b} For a varlable speed unit, the operating speed range is 80 percent of minimum
operating speed to the overspeed rip setting, u.nless ctherwise specified,

by the bureau or agency concerned.

_%
\a}

3. 3.2 Basls of acceptability. - Acceptability of the system 1s contingent dpon compliance with the
requirements srecified herein.

3.3.2.1 Limits, - The mass elastlc system shall have no excessive torsional vibratory stresses
below the top operating speed of the unit nor excessive vibratory torque across gears within the
onergtl_na range of the unit. In no case, however, shall the amplitude of torsicnal vibration be suffi-

clent to adversely affect operativn of the unit or lts synchronization with other units, as in the case of
generator sets.

3.3.2.1.1 Stresses within speed range. - Within the operating speed range, excessive torsional
vibratory stress is that stress In excess of 5, where, for
steel Sy = Ultimate Teztgsue Strength and for cast iron or other material

Sy - Torsional Featigue Limit, If fatigue tests have been conducted on full-scale

specimens of the material used, then the contractor may use S, = 1/2 Torsional Fatique Limit as the

1imitineg rarmiceihla ctrace Tha ennres of tha fatirmia HHmit valos and  if roanusastad H-u.'- fatirmm
AAABIIRALIY UL UILDDIWIS oUW T, 4HIT DWW LT WA Wi LG WT 24000 VoML iUy W W uTOINy ML AT
data, shall be reported to the bureau or agency concerned.

3.3.2.1.2 Stresses below speed range. - Below the operating speed range, excessive torsional
vibratory stress is that stress in excess of 1-3/4 times the Sy vaiue given in 3.3.2.1. L.

3.3.2.1.3 Torque.- For diesel installations excessive vibratory torque, at any operating speed,
is that vibratory torque greater than 75 percent of the driving torque at the same speed, or 25 percenl
of full load torque, whichever is smaller. In the case of turbine drives, onty 10 percent of full load
torque is allowed instead of the aforementioned 25 percent.

3.3.2.2 Mathematical analysis. - A complete mathematical analysis, indicating probable compli-
ance with the limits of 3. 3. 2.1 shall be submitted to the bureau or agency concerned for approval,
prior to construction of the unit. These calculations should be prepared by engine bullder, design
agent, or shipbullder as required by the contract or order. Approval of such mathematical analysfs,
however, vill nct release the contractor from the responsibility of proving conformance by actually
torsiographing assembled units.

3.3.2.2.1 Descripton of ana'vsis, - The mathematical analysis shall include:

(a) A description of the system relating information pertinent to analysis such as
operating speed range, gear ratios, and name plate data.

(b) A labelcd assembly drawing showing arrangement of the elements in the unit
and dimensions of shafting.

{c) A labeled line dlagram of the mass elastic system indicating values of masses
and stiffnesses, inciuding basic assumption, where applicable.

{d) Natural frequencies of all important modes nf vibration.

(>
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(e} For each mode, stress per degree (or per radian) calculations for the most
highly stressed sections of shaiting. The calculation shall indicate the
sections at which the maximum stresses exist.

(1) Relative amplitude curves (mode zhapes).

{g) Estimates of all important vibratory amplitudes, strasses and gear torques of
the unjt including calculations and assumptions used to’ make the estimates.

3.3.2.3 Torsicnal vibration tests. -

3.3.2.3.1 Normal tests. - To prove compliance with the limits of 3.3.2.1, a torsicnal vibration
test of a complete unit shall be conducted and a test report shall be submitted to the bureau or agency
concerned for approval. Unless otherwise specified, in tne equipment specifications all elements of
the complete unit shall be included in the tested unit. Based on the results of mathematical analysis
{see 3. 3. 2. 2) the torsiograph test may be waived by the bureau,

3.3.2.3.2 Simulated installation tests.- A torsional vibration test, on a test stand installaticn,
simulating the actual shipboard installation, may be permitted provided that a mathematical analysis
{see 3. 3. 2. 2) of the test stand installation be submitted.

3.3.2.3.3 Auxiliary branches. - When specified or when requested by the bureau or agency
concerned after recelpt of the mathematical analysis, torsional vibration tests shall be made of the
auxiliary driven elements, such as blowers and pumps.

3.3.2.3. 4 Instrumentation. - Suitable instrumentation, consistent with the amplitudes and fre-
quencies anticipated, shall be used for all torsional vibration testing.

3.3.2.3.5 Report, - The test report shall include:

(a) A description of the installation and test conditions, including such material as
namepiate data, operating speeds, and loads.

() A description of instrumentation utilized and locations of measuremd its,

(c) A graph, plotting amplitudes versus r.p. m. for all important orders of
vibration. Poinis are to be plotted at suitable increments, from as low
a speed as possible to top operating speed to ciearly define all criticals.

(d) Maximum vibratory shaft stresses and vibratory gear torques encountered

shall be determined. :

3.4 Type IV - Longitudinal vibration. -

J. 4.1 Definitions, -

3.4.1.1 Longitudinal vibraton. - Longitudinal vibration is a vibration characterized by linear
displacement of the maior elements in an axial direction.

3.4.1.2 Mass elastic system. - Mass elastic system is the equlvalent oscillating system which
retains as closely as possible the dynamic characteristics of the actual system. This equivalent
system consists of such masses as the propeller, thrust bearing, and reduction gear, intarconnected
by the flexible elements of shafting and foundations.

3. 4.2 Basls of acceptability. -

3.4.2.1 Mathematical analysis. - A complete mathematical analysis of the longitudinal vibratory
characteristics of the mass elastic syrtem shall be submitted to the bureau or agency concerned for
approval. All mass elastic factors and assumed foundatlon elastic constants shall be clearly shown.
These analyses shall clearly demonstrate that the propulsion system is free from any longitudinal
eritical in the range of 50 to 11{ percent of madmum r.p.m., unless otherwise approved by the
bureau or agency concerned.
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3.4,2.2 Limit.- U the mathematical analysls indicates the presence of a critical below 50 per-
cent of maximum r. p. m., vibration messurements shall be made to determine the maximum ampli-
tudes of vibration. A system shall be considered acceptable only i the amplitudes of vibration at the
critical speeds are of such amplitude and phase as to be nondamaging to the gears and thrust bearings,

3.5 Type V - Lateral (whipping) vibration. -

3.5.1 Definition. -

3.5.1.1 Lateral vibration. - Llateral vibration is the vibratory deflection of & rotating shaft In a
direction transverse to the axis of rotation.

3.5.2 Basis of acceptability. -

3.5,2.1 Mathematical analysis, - A complete mathematical analys!s of the lateral vibratory
characteristics of the rotating system shall be submitted to the bureau or agency concerned {or appro-
val. This analysis shall clearly demongtrate that the system 1s free {rom any lateral critical below
115 percent if the maximum rated speed unless otherwise approved by the bureau or agency concerned.

NOTE: Type I of this standard supersedes that part of Specification MIL-T-17113 covering vibration,

Coples of specliications, standards, drawings, and publications required by contractors in con-
nection with specific procurement functions should be obtalned from the procuring agency or as
directed by the contracting officer,

Copies of this standard for military use may be obtained as indicated in the foreword to the
Index of Military Specifications and Standards.

Both the titie and identl{ying symbol number should be stipulated when requesting coples of
military standards.

Custodian:
Bureau of Shipa
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