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Mounting and alignment of shafting,
marine transmission and diesel
propulsion engines in the vessel
warrants close attention. Cooperation
between the engine manufacturer and
the shipbuilder will ensure each
taking full advantage of the other’s
knowledge and experience. This
discussion describes the requirements
and procedures for mounting and
aligning Caterpillar Engines to the
propulsion driveline.

As an engine manufacturer, we must
identify the requirements for proper
mounting and alignment to the portion
of the shafting and structure which
attaches to the Caterpillar product.
The responsibility for proper total
mounting and alignment rests with the
equipment installer.

Refer to the following Caterpillar Special
Instructions for more detailed
information and specific instructions on
mounting and alignment procedures.

Form No. Title
SEHS 7654 Alignment General
: Instructions

SEHS 7456 Alignment of Caterpillar

Marine Engines and
Transmissions

For mounting and alignment
requirements peculiar to marine
auxiliary engines, refer to the Auxiliary
Engines section.

Engine Foundation

The engine foundation is that portion

of the ship’s structure which supports
the engine and holds it in proper
relationship to the driveline components.

The foundation basically consists of two
functional sections, the engine stringers
and the engine bed.

The stringers are longitudinal hull
stiffeners whose function is to support
the weight of the engine and distribute it
to as great a length of the vessel as is
practical, and control hull deflection due
to sea and variable load conditions.

The engine bed is a structure attached to
the stringers to form a part of the
foundation. Its function is to provide
attachment points between engine
supports and engine stringers.

The entire engine foundation must be
strong enough to withstand continued
operational forces due to torque, thrust,
pitching, rolling, and contact of hull

and propeller with objects normally
encountered during a vessel’s
performance of routine services. The
foundation must be rigid enough to
prevent either permanent or transient
deflection of enough magnitude to cause
damage to any part of the engine
installation. Since no structure is
absolutely rigid, it is essential that

the foundation has greater rigidity than
the driveline, so that none of the
components of the driveline are stressed
beyond their limits when flexing of the
hull occurs.
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The driveline consists of propeller-
shafting, propeller, shaft bearings,
stuffing box, shaft log, stern tube, and
stern bearing.

Two types of drivelines are generally
employed. One utilizes the centerline
structure of a vessel for support
illustrated in Figure 3.1. The other is
supported to the side of a vessel’s
centerline by struts or other appendages
when two propellers are used.

Location of the driveline fixes the
level and installation angle of
the driving machinery.

The propeller shaft must be capable of
transmitting engine torque to the
propeller and propeller thrust to the hull
through the thrust bearing.

Shafting must be free to expand and
contract at either end of a thrust
bearing. Only expansion type shaft

- bearings should be used at locations
other than the thrust bearing itself.

Shaft sections may be connected with
either solid or flexible connections.

Solid connections generally consist of
flange couplings for inboard shafting
and sleeve couplings for outboard
sections.

Flexible connections are used only for
inboard shaft sections. All flexible
connections astern of the thrust bearing
must be capable of transmitting full
ahead and full astern thrust of the
propeller. All flexible connections ahead
of the thrust bearing must absorb
expansion and contraction of shafting
between it and the aftermost drive
component containing a fixed bearing.

Shaft bearings should be close enough to
prevent shaft whip but far enough apart
to permit the shaft to flex with the hull -
to prevent damage to shaft bearings. For
this reason, shafting should not be too
heavy for the thrust and torque forces
applied. Since the tailshaft is more
subject to damage from a propeller’s
contact with submerged objects, it
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DRIVELINE COMPONENTS—CENTERLINE MOUNTED THROUGH STERN POST

Shaft companion flange
intermediate shaft

Shaft bearing—pillow block,
expansion type

4. Flange type shaft coupling
5. Tail shaft

Lol s

6. Stuffing box—may or may not
contain bearing
7. Stern tube—one end threaded, the
other slip fit
8. Stern bearing
9. Propeller
10. Retaining nut




[image: image3.png]should be strengthened for this purpose.
Figures 3.2 and 3.3 will serve as a guide
for shaft sizes and bearing spacing for
commonly used shaft materials
consistent with marine practices.

The location of the first line shaft
bearing from the marine transmission
flange is extremely important. To avoid
inducing unwanted forces on the marine

transmission thrust bearing, the line
shaft bearing should be located at least
12, and preferably 20, or more shaft
diameters from the marine transmission
output flange. If the bearing must be
located closer than 12 diameters, the
alignment tolerances must be reviewed,
reduced substantially and the use of a
flexible coupling should be considered.

Horsepower Shaft Diameter
per 100 rpm 1 (Inches)
Propeller 2 1
Speed : Tailshafts for heavy duty service
51 15 should be increased by adding 1%
T of the propeller diameter to the
103 basic shaft diameter.
2
201 55
50 _‘— 3 Intermediate shafts may be reduced to
3 .95 of the resultant shaft sizes.
1003 4
200 - 5
e .
+ Miid steel, read directly.
500+ 7 Tobin bronze, multiply by 1.05.
T g Monel, multiply by 0.88.
1000 —
1 9
+ 10
Example 2
Example 1 Condition
Condition Select steel intermediate shaft and bronze

Select bronze propeller shaft for engine with
Intermittent rating of 315 hp @ 2000. Reduction
ratio, 2.1. Propelier diameter, 32 inches. Light
duty operation.

Solution

Intermittent hp = 315

Propellerrpm = "%09 = 1000
315

hp per 100 rpm = —— = 31.5
PP P 10.00

Basic shaft diameter = 2.75 in

Bronze shaft diameter = 2.75 x 1.05 = 2.88 in

NOTE: Round off shaft diameter to nearest larger
standard size.

Figure 3.2

tailshaft for heavy duty service. Engine
develops 300 continuous hp @ 1800 rpm.
Reduction ratio, 4.5:1. Propeller diameter,
54 inches.

Solution
Continuous hp = 300
Propeller rpm = 1800 = 400
4.5
300
hpper100rtpm = — = 75
PP PM = %00

Basic shaft diameter = 3.64 in
Steel intermediate shaft = 3.64 x 0.95 = 3.46 in

(3.64 x 1.05) + (54 x .01)
3.82 + 0.54 = 436 in

Bronze tailshaft

+ X

SHAFT DIAMETER SELECTION DIAGRAM
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Space bearings—rule a line from shaft size in

second line scale to modulus in fourth scale
(26 for Monel). Then rule a line from point of

Figure 3.3

Alignment

The major factor influencing shaft and
bearing alignment is hull deflection
caused by daily and seasonal
temperature variation, various load and
ballast conditions, hull speeds, and
heavy seas. Precision machinery deserves
every effort to assure its proper
alignment, but we cannot presume the
machinery bed is a level, stationary,
non-deflecting surface.
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intersection on center scale to connect
propeller rpm on left scale and extend the line
to right scale.

“Monel” is a registered trademark of
International Nickel Corp.

Chart published courtesy of Paul G. Tomalin

Do not attempt final alignment of
propulsion engines unless the following
conditions are met:

1. The vessel is in the water.

2. All permanent ballast is in place.

3. Fuel, water, and temporary ballast
tanks are filled to normal average
operating levels, generally 1/2 to
3/4 filled.

4. All major machinery — weighing over
1,000 1bs (450 kg) — is either installed
or simulated by equivalent weights
appropriately located.

Make final alignment immediately prior
to sea trials.
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The alignment of the marine
transmission to the line shafting must

be within specified tolerance for
satisfactory transmission service life.
Figure 3.1 shows a typical driveline
arrangement. The requirement is to align
the transmission output flange to the
propeller shaft companion flange within

specified parallel and angular
limitations. This must be accomplished
while the shafting is in its true
centerline position.

Parallel or bore misalignment occurs
when the centerlines of the transmission
and companion flanges are parallel but
not the same, Figure 3.4.

Diameter Gap
l (Top)

Marine Transmission

t/ Output Flange
R —
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Companion Flange /

(Propeller Shatft) ‘

i
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Bore or Parallel Misalignment
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f

Diameter Gap

Figure 3.4 (Bottom)

Angular or face misalignment occurs
when the centerlines of the marine
transmission and companion flanges are
not parallel, Figure 3.5.

Companion Flange
(Propeller Shaft)

Figure 3.5

Pilot Surtaces

The limits for parallel and angular
misalignment are given in the Alignment
procedure section.

~=———— Face Gap

(Top)

Marine Transmission

/ Output Flange

Face or Angular
Misalignment

Pilot Surfaces

‘—~ Face Gap
(Bottom)
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Inaccurate flanges cause apparent
misalignment and make accurate
alignment impossible.

The face runout and concentricity of
‘bores of the marine transmission and
companion flanges must be checked
prior to beginning the alignment. Face
runout refers to the distance the face of
the hub is out of perpendicular to the
shaft centerline, Figure 3.6. Bore runout
refers to the distance the driving bore of
a hub is out of parallel with the shaft
centerline, Figure 3.7.

Any runout eccentricity or
perpendicularity errors must be
accounted for in the alignment process.
Figure 3.8 lists the maximum allowable
runout by transmission model. Runouts
shown are total indicator readings. If
runouts in excess of those in the table
are found, in some cases removing the
output flange and rotating it on the
output shaft will correct the excessive
runout condition.

Runout
| " Hub
Shaft
|
Figure 3.6 FLANGE FACE RUNOUT
Hub Centerline Hub
Shatft

Shaft Centerline

Figure 3.7 FLANGE BORE RUNOUT

Face Bore

Model Runout Runout

in (mm) in {mm)
MG502 0.004 (0.10) 0.004 (0.10)
MG506 0.004 (0.10) 0.004 (0.10)
MG507 0.004 (0.10) 0.004 (0.10)
MG509 0.004 (0.10) 0.004 (0.10)
MG514 - 0.005 (0.127) 0.004 (0.10)
MG521 0.005 (0.127) 0.004 (0.10)
All 7200 Series 0.005 (0.127) 0.005 (0.127)

FLANGE RUNOUT

Figure 3.8
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Before commencing the alignment, the
unsupported shaft weight must be
supported to account for the sag or
droop of the shaft. The droop must be
eliminated to avoid unnecessary load on
the marine transmission bearing.

An appropriate method to account for
shaft droop utilizes a load ring,
turnbuckle, and sling. This equipment
allows lifting the unsupported end of the
line shaft with a measurable force,
Figure 3.9. An equivalent method utilizes
a compression load ring and pushes up
on the shaft end from below.

e Move the line shaft to within 0.5 in
(13 mm) of its bolted up position.

® Determine one half the weight
of the overhung shaft plus all the
weight of the companion flange. The
effective weight of the line shaft can
be determined from Figure 3.10 to
which is added the weight of the

companion flange.

* When lifting the shaft, ensure the
support is directly above or below the
centerline of the companion flange.

o Lift the shaft until the load indicator
reads the desired weight.

ELIMINATION OF SHAFT DROOP
Load Ring Method

Figure 3.9
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To use the load ring method to eliminate shaft
droop, determine one-half the weight of the
unsupported portion of the propeller shaft. This
Nonogram will perform that calculation. Draw a

- straight line from the proper shaft diameter on
the D scale to the proper shaft length on the L
scale. The weight of one-half the unsupported
length of shaft will be found where the line
crosses the weight scale.

Figure 3.10
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ELIMINATION OF SHAFT DROOP
Dial Indicator Method

Figure 3.11

Another appropriate method to correct
for shaft droop utilizes two dial
indicators, Figure 3.11.

* Place one indicator on the shaft top

or bottom at the nearest line

shaft bearing.

Place the second indicator at the top
of the companion flange.

Lift the line shaft slowly from

the companion flange end until the
indicator at the line shaft bearing
makes a significant change in reading.
.001-.0015 in (0,025-0,038 mm)

is sufficient.

Record the change in reading of the
indicator at the companion flange.
Lower the line shaft by 1/2 the change
in the reading at the indicator at the
companion flange.

While this method is not quite as
accurate as the method using the load
ring, it is sufficient for satisfactory
alignment.

With the shaft now in its proper
position, the engine and marine
transmission must be brought into
alignment with the line shaft.

Dial Indicators

A dial indicator measures very small
changes in distance. The alignment of
shafting requires the measurement of
small changes in distance dimensions
caused by misalignment. The indicator
must be rigidly located so the specified
alignment values can be measured.

Support Brackets

An indicator support bracket must
rigidly support the indicator when fixed
to one of the shafts and rotated. The
support bracket allows location of the
dial indicator at the measurement point.
Proper brackets can be adjusted to work
with varying driveline configurations.

The dial indicator brackets must not
bend due to the weight of the indicator.
Commercially available dial indicator
brackets may not give adequate support
when the indicator is rotated, causing
false readings.

To check the rigidity of a support
bracket, rotate the same configurations

6V2043 Alignment Bar

6V2042 Alignment Yoke
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[image: image11.png]of bracket and indicator through a circle
while indicating on the bracket side of
the coupling. A maximum reading of less
than .001 in (.025 mm) is allowed. It may
be necessary to temporarily bolt a very
rigid reference arm onto the bracket side
of the coupling for the indicator to read
against to allow the same configuration
of bracket and indicator, as when taking
an alignment reading.

Caterpillar recommends using the
bracket shown in Figure 3.12 when
performing alignment checks. Use two
0.50 in diameter (12.7 mm) threaded rods
or bolts to assemble the adapter.

Dial Indicator Readings

Since all dial indicators do not indicate
plus (+) in the same direction, it is
necessary that a standard be established
for the purpose of clarity. A plus (+)
reading means that the tip of the
indicator moved into the dial indicator; a
minus (—) reading means that the tip of
the indicator moved out of the dial
indicator. Before taking any indicator
readings, check the dial indicators being
used to determine which is the plus (+)
direction. If the plus (+) direction is
different than the standard used in this
explanation, keep this in mind when
taking dial indicator readings.

When comparing two plus (+) indicator
readings, tl;;e larger numerical reading
is more than the smaller numerical
reading. However, when comparing two
minus (—) indicator readings, the larger
numerical reading is less than the
smaller numerical reading. In both
cases, the indicator reading becomes less
as the tip of the indicator moves out of
the dial indicator.

The Total Indicator Reading (TIR) is the
total amount of movement of the
indicator needle. The TIR is always a
positive value even though one or both
or the readings are negative. For
example: if the indicator reading varied
from —.010 in to +.005 in, the TIR was
.015 in. If the indicator reading varied
from —.005 in to —.015 in, the TIR

was .010 in.

Accuracy in Dial Indicator Readings

There is a quick way to check the
validity of dial indicator readings. As
Figure 3.13 shows, readings are taken at
four locations designated as A, B, C,
and D. When taking readings, the dial
indicator should be returned to location
“A” to be sure the indicator reading
returns to zero.

The quick check is to remember that
reading of B + D should equal C. This
is valid where the driving and driven
shafts are rotated together while
checking alignment.

Figure 3.13
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Engine Mounted Marine Transmission

Move the engine and marine
transmission to their approximate final
position — within 0.3 in (8 mm) of the
companion flange without engaging the
flange pilot.

1. Bore alignment. Take measurements
of the diameter gap at four equally
spaced points on the flanges’
diameters, Figure 3.14. Make
appropriate position adjustments
with the engine jacking screws to
locate the marine transmission output
flange within .005 in (.127 mm) of
bore alignment.

A slip fit of flange mating pilots on
transmissions so equipped ensures
adequate bore alignment.

/

L

BORE ALIGNMENT
Figure 3.14

When this condition is met, engage
the flanges’ pilot surfaces by bringing
the propeller shaft and companion
flange forward to within .180 in

(4,5 mm) face gap at all points about
the diameter of the flanges.

2. Angular alignment. Position
adjustments of the engine and
transmission may now be made to
align the marine transmission output
flange to a proper angular or face
alignment position. Using a feeler
gauge, or small hole gauge, take
measurements of face gap at four
equally spaced positions; A, B, C,
and D, Figure 3.15. Now tabulate the
readings of face gap. Compare

diametrically opposite face gap
readings A to C, and B to D. Subtract
the smaller of diametrically opposite
readings from the larger. Example: If
A is .175 in (4,45 mm) and C is .165 in
(4,20 mm), then subtract .165 in

(4,20 mm) from .175 in (4,45 mm)
giving a result of .010 in (0,354 mm).
The resulting difference is
proportional to the amount of
angular or face misalignment.

FACE ALIGNMENT

Figure 3.15

The face gap difference reading must not
exceed .005 in (0.127 mm). If the gap
difference reading exceeds this value, the
engine and marine transmission must be
moved by jacking screws until the
required tolerance is reached.

As the engine is moved for angular
alignment adjustment, ensure the bore
alignment is not altered.

Recheck all alignment readings, insert
the bolts in the flanges, and prepare the
engine supports for final securing to the
ship structure.

Remote Mounted Marine Transmission

The alignment, when utilizing remote
mounted marine transmission, should
be performed in strict compliance
with the transmission manufacturer’s
specifications.

Where the marine transmission is not of
Caterpillar manufacture and is not close-
coupled, a flexible coupling at the




[image: image13.png]flywheel is necessary to compensate for
alignment tolerances between the engine
and the marine transmission.

The flexible coupling should be selected
for compatibility with the engine and
transmission. Selection of the coupling
should be verified by a torsional analysis
of the whole rotating system. The engine
should be aligned to the driven
equipment to attain the coupling
manufacturer’s tolerance. Refer to
Marine Transmission section for flexible
coupling alignment instructions.

Alignment—Periddlc Checking

Periodic rechecking of alignment will
ensure continued satisfactory service life
of the propulsion unit. Annual alignment
checks are recommended. Additional
alignment checks should be performed
after any grounding or collision and
corrective action taken.

Mounting Engines With
Mounting Rails

The standard Caterpillar supplied
mounting rails are required to properly
support, align, and anchor the larger
Vee-type engines. Refer to the section on
engine foundation to establish a proper
engine base to ensure the dependable
performance and long life for which the
engine was designed and manufactured.

Installation Requirements

A Caterpillar Engine must be mounted
and anchored adhering to the following
rules:

1. The tops of the foundation or
supporting members must be in the
same plane so that the engine sits in
its natural condition; i.e., it must not
be pre-stressed.

2. The anchoring system must hold the
engine in place against its inherent
vibration and any imposed thrust, and
yet allow it to grow and shrink as
the engine is run at varying loads and
is left idle for periods of time in
various ambient temperatures (both
air and sea).

3. The engine mounting must be flexible
enough to absorb the minute
movements of the supporting
structure regardless of vessel loading
and while the vessel traverses any sea
encountered in its intended service.

4. Any flexible coupling on the flywheel
and the alignment of the driven
equipment must maintain tolerances
so that other destructive forces are
not transmitted to the crankshaft
or bearings.

Flexibility

Ships hulls will flex under the internal
stresses of varying displacement and the
external stresses of wind, water, and
temperature. The flex in a given part of
the hull is dependent upon the structural
design of the entire hull, the design of
the particular section or compartment
within the hull and the location of the
compartment within the hull.

If the engine is too rigidly mounted to
longitudinal members of the ship’s
structure, the engine will be subjected to
the stresses caused by any movement of
the longitudinals.

The standard mounting rails supplied
with the engines provide the flexibility
required to isolate the'engine from




[image: image14.png]the hull, Figure 3.16. The holes in

the mounting rails are located so that
the rails are allowed to flex, isolating the
ship’s deflection from the engine. Proper

~~~~~

Distance between
holes for anchor
bolts

size shims must be used between the
rails and vessel. Caterpillar mounting
rails must be used to provide the
required flexibility.

Use clearance-type
bolts, both sides

Use ground-body
fitted bolts,
both sides

ENGINE AND TRANSMISSION WITH

Figure 3.16

Engine Construction

A Caterpillar Engine is built as a rigid,
self-supporting structure within itself. If
the engine is mounted on a pair of
longitudinal beams, the tops of which
are in the same plane, the engine will
hold its own alignment and allow all
working parts to operate in the manner
for which they were designed. If the
engine is subjected to external forces,
or if it is restrained from its natural
growth, tolerances may change, resulting
in bearing or crankshaft damage.

The main structural strength of an
engine is the cast iron block. The plate
steel oil pan which support the engine is
a deep, heavy weldment. Lugs or
brackets are welded to the sides of the
oil pan and hold the engine to the
standard mounting rails, Figure 3.17.

MOUNTING RAILS

Expansion/Thermal Growth

Cast iron has a thermal expansion
coefficient of 0.0000055 in per in per
degree F (0.00026 mm per m per one
degree C). Steel has an averge coefficient
of expansion of 0.0000063 in per in per
degree F (0.00030 mm per m per one
degree C). This means that the cast iron
engine block will expand at a different
rate than the steel pan. The small
difference in growth between the block
and the oil pan is compensated for in the
design of the engine by making the holes
in the flange of the oil pan larger than
the attaching bolts. A fitted bolt is
installed at the right rear corner of the
block to maintain alignment between the
block and the oil pan. Clearance bolts
are used to hold the engine mounting
rails to the oil pan brackets to allow for
the difference in growth.




[image: image15.png]The engine mounting rails will also
increase in temperature, but to a lesser
degree. Therefore, it is not necessary
to provide as much clearance for the
mounting bolts through the engine

rails as would be predicted by the
engine growth.

A Caterpillar propulsion engine

block may expand up to 0.09 in (2,3 mm)
in length from cold start to operating
temperature. This growth must not be
restrained. Under no circumstances should
ground body anchor bolts be used forward of
the engine’s flywheel housing.

Collision Blocks

When marine classification societies or
local marine practice requires the use of
collision blocks, they should be located
with sufficient clearance to allow

for thermal growth of the engine.
Prefabricate the collision blocks

and install them while the engine is

at operating temperature with
approximately 0.005 in (0,12 mm) hot
clearance. Collision blocks are
recommended to resist the shock loads
encountered in hard docking collisions
and groundings.

Shimming

Shims (spacers) must be provided to fit
the individual locations between the top
surface of the supporting members and
the bottom surface of the rails of the
marine engine. Certain metal and plastic-
poured shims are acceptable provided
the major marine classification societies
have also approved the material. Under
no circumstances should lead be used.
Lead is easily deformed under weight
and vibration and has poor supporting
characteristics.

Machined mounting pads are located on
the under side of the marine rails,
Figure 3.17. They provide a flat surface
and limit the size and location of the
rail support. This prevents shimming
the rails too close to the engine with the
resultant loss of rail flexibility.

Mounting With Steel Shims

When the engine is in the desired
position, a shim is made to fit between
the top of the supporting member and
the area on the bottom of the mounting
rail surrounding each anchor bolt hole,
Figure 3.17. Usually mild steel plates of
10-12 sq in (approx. 64-77 sq cm) are
used and are surface-machined to
specific thicknesses at each corner of
the plate, as determined by four
measurements at the specific location of
use under the engine. The shims are
numbered to avoid confusion during
installaton. The machining of these
shims must provide a uniform zero
clearance fit under the engine rails.
Alignment must be maintained between
the engine and the driven equipment
when the shims are inserted in their
respective positions and the engine
anchor bolts are torqued down to
recommended torque.

On close coupled transmissions, a
minimum of one fitted bolt must be used
at the rear of each rail. Fitted bolts at
other locations in the rail rearward of
the flywheel housing are optional. Use
clearance type bolts at all other
locations. Never use fitted bolts forward
of the transmission, Figure 3.16.
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Optlonal Transmission

Clearance
Type Bolts

Fitted Fitted Fitted
Bolt Bolts Bolts

Optional /

MOUNTING BOLT LOCATION

USING STEEL SHIMS
Figure 3.18
- For engines with a remote mounted

transmission, use a fitted bolt on each
side of the engine at the rear of the

mounting rails. Use clearance type bolts Bolt Diameter
at all other locations. Do not use fitted in_~mm
bolts forward of the flywheel housing, 12 1270
Figure 3.18. 9116 1429
F . . 58 15.88
or remote mounted transmissions, use a4 19.05
a minumum of one fitted bolt on each 718 2223
side at the rear of the transmission. 1 25.40
Fitted bolts are optional at the other 11/8  28.58
mounting hole locations. 114 3175
All bolts, except the fitted bolts 138 3403
’ ¢ 112 38.10

must be .06 in (1.5 mm) less in diameter
than the diameter of the holes in the
mounting rails.

When using steel shims, mounting bolts
should be tightened to the torque valve

Clearance
Type Bolts

Torque
th-ft Nem

75+ 10 100 = 15
110 =+ 15 150 + 20
150 x 20 200+ 25
265 + 35 360 = 50
420 =+ 60 570 = 80
640 + 80 875 +.100
.800 = 100 1100 x 150
1000 = 120 1350 + 175
1200 = 150 1600 = 200
1500 =+ 200 2000 = 275

Full Torque Values

BOLT TIGHTENING TORQUE

SAE Grade 5 or better
When Using Steel Shims

specified in Figure 3.19. Figure 3.19
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After the engine and transmission have
been aligned to the propeller shaft or the
engine has been aligned with the remote
mounted transmission, poured resin
shim material can be used between the
engine rails and the engine bed. When
using poured resin shim material,

always follow the manufacturer’s
installation recommendations and the
following guidelines.

Mounting Rail

Use non-porous foam rubber strips of
the appropriate thickness to form the
dams for pouring the shim material,
Figure 3.20 and 3.21.

Do not pour shim material inboard of the
machined pad on the bottom of the
mounting rail for the length of the
engine. Shim material should be poured
the full length and width under the rail
at the tramsmission.

—

Non-Porous Strip
Full Length of Shim

Figure 3.20

The shim material can be poured the full
length of the mounting rail (a continuous
pour) or it can be poured only at the
mounting pad locations (an interrupted
pour). If an interrupted pour is used, the
minimum area of shim material must be
45 sq in (29,000 sq mm) per mounting

Non-porous

Q [0

Expansion Strips

L~

Qil Pan

bolt. Foam rubber strips must be
installed on both ends of each pad on all
pads forward of the flywheel housing to
provide for expansion. These expansion
strips permit thermal expansion of the
mounting rails at operating temperature,
Figure 3.21.

N 1 i
Ul \ 998 Ul
Poured Shim Material
Engine Bed Mounting Pad

Mounting Pad
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(A) Fitted bolt
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When poured shim material is used, do
not use mounting bolts in all of the bolt
holes in the mounting rails, Figure 3.22.
On close coupled transmissions, use
three out of the four available bolt holes
(two rear and one front on each side) at

the transmission portion of the mounting
rails. The engine portion of the mounting

rails uses only six bolts (two at the rear
by the flywheel housing and one at the
front on each side). Use a fitted bolt at

the rear of each rail, locations (A). Fitted
bolts at locations (B) are optional. Do not

use bolts at locations (C). Use clearance
type bolts at all other locations.

Before pouring the shim material, install

all mounting bolts finger tight. Put
sealing material around each bolt at the
bottom of the mounting pad to prevent
the shim material from filling the bolt
holes in the mounting rails. If shim
material is allowed to enter the bolt
holes in the rails, this will prevent
thermal expansion of the rails.

After the shim material has sufficiently
hardened according to the
manufacturer’s specification, tighten
7/8, 1 and 1-1/8 in (22.2, 25.4, and

28.6 mm) mounting bolts to a torque of

ey,

360 Ib ft (490 Nem). This bolt torque is
specified to prevent excessive unit
pressure on the poured shims. Use two
nuts on each mounting bolt.

Remote-Mounted Transmission

After the remote mounted transmission
has been aligned with the propeller
shaft, poured resin shim material

can be used between the engine bed
and the transmission supports. When
using poured resin shim material,
always follow the manufacturer’s
installation recommendations and

the following guidelines.

Fitted
Bolt

Al

O::I’:::al ! :

AN,
. L RROIR .

; Fitted
F 3.23
igure Bolt




[image: image19.png]The shim material should be poured the
full length and width of the transmission
support surface. Use non-porous foam
rubber strips of the appropriate
thickness to form the dams for pouring
the shim material. Before pouring

the shim material, install all of the
mounting bolts finger tight. Put sealing
material around each bolt at the engine
bed and support.

Use a minimum of one fitted bolt on
each side at the rear of the transmission.
Fitted bolts are optional at the other
mounting hole locations, Figure 3.23.

After the shim material has sufficiently
hardened according to the
manufacturer’s specifications, the
mounting bolts should be tightened

to a torque of 360 Ib ft (490 Nem). Use
two nuts on each mounting bolt.

Crankshaft Deflection Test

To assure the engine block is not unduly
stressed during mounting, a crankshaft
deflection test is recommended. This test
should be performed on all engines
equipped with mounting rails. Marine

0.001 in
0.025 mm max.

s B

applications require this test be
conducted under hot conditions.

Remove an inspection door from the
block to expose the center crankshaft
throw. Rotate the crankshaft in the
normal rotation direction. When the
cheeks of the center throw just pass
the connecting rods, install a Starrett
No. 696 distortion dial indicator or
similar tool, Figure 3.24. As a
precaution, tie a string to the gauge and
secure it outside the engine to facilitate
retrieval should the assembly fall into
the oil pan. Zero the dial indicator’s
rotating bezel. Properly seat the
indicator by rotating it on its own axis
until it will hold a zero reading.

Then rotate the crankshaft in the normal
direction until the indicator nearly
touches the connecting rods on the other
side of the crankshaft. Do not allow the
indicator to touch the connecting rod.
The dial indicator reading must not vary
more than .001 in (0,3 mm) throughout
the approximately 300 degrees of
crankshaft rotation. Rotate the

CRANKSHAFT DEFLECTION TEST

Figure 3.24




[image: image20.png]crankshaft back to its original position
in the opposite rotation direction.

The indicator must return to its original
reading of zero to make a valid test.

If not, the indicator shaft points were
not properly seated and the test
procedure must be repeated. If the gauge
reads more than 0.001 in (0.03 mm),
cylinder block distortion has occurred
due to improper mounting. Loosen the
hold-down bolts between the engine rails
and mounting blocks. Remeasure all
shims and adjust as necessary. Check for
improper locations of fitted bolts. Repeat
the distortion check procedure.

Consult your Caterpillar dealer if the
engine block is still bent.

Mounting Engines With
Mounting Brackets
The mounting of Caterpillar Engines

equipped with mounting brackets,
Figure 3.25, simplifies the installation.

The front mounting brackets are
designed to flex so bolting the brackets
to the ship’s structure is sufficient. Do
not secure the engine to the ship’s
structure by welding as the mounting
brackets will be distorted.

There are sufficient bolt holes in the
marine transmission mounting bracket
to restrain the propeller thrust; however,
to ensure that alignment remains intact,
fitted bolts or dowels may be used.

Use steel shims as necessary between the
ship’s engine bed and the mounting
brackets to get the engine and
transmission in correct alignment with
the propeller shaft. Make sure the engine
and transmission mounting brackets are
in equal contact with the shims at all
locations. If the brackets are not in solid
contact with the shims before the anchor
bolts are installed, the engine and/or
transmission can be stressed when the
anchor bolts are tightened. Use anchor
bolt torque as specified in Figure 3.19.

Transmission
Mounting
Bracket - “

Transmission

AN

Engine

=1l

—

Figure 3.25

Bracket
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Vibration

Any mechanical system which possesses
mass and elasticity is capable of relative
motion. If this motion repeats itself after
a given time period, it is known as
vibration. An engine produces many
vibrations as it operates due to
combustion forces, torque reactions,
structural mass and stiffness
combinations, and manufacturing
tolerances on rotating components.
These forces require that mounting

and driveline design be correct, or

they can create a wide range of
undesirable conditions, ranging from
unwanted noise to high stress levels and
ultimate failure of engine or driven
equipment components.

Caterpillar Engines are capable of
withstanding all self-induced vibrations
and no isolation is required to prolong
service life. However, vibrations from
surrounding equipment, if severe, can
harm an engine which is inoperative for
long periods of time. If these vibrations
are not isolated, the lubricating oil film
between bearings and shafts can be
reduced to the point where damage
could result.

The engine itself is designed and built

to run very smoothly. Objectionable
vibration generally arises from either
poor driveline component match to the
engine or unbalance of the driven
equipment. Reciprocating compressors,
for example, can cause premature failure
of the mounting structure or undesirable
vibration even though the unit is
properly mounted and isolated from

the engine.

Even though the engine and the driven
load are in balance, it is also possible to
encounter undesirable and damaging
vibration as a result of the driving or
connecting equipment having a
misalignment or out-of-balance
condition. Long shafts, drives, gear
assemblies, clutches, or any type of
coupling where misalignment, out of
balance, or mass shifting may occur are
probable sources of vibration.

An unsatisfactory engine mounting
nearly always results in alignment
problems between the engine and the
driven machinery. Assuming that failure
of the driven equipment does not occur
first, the forces or loads transmitted to
the engine in the form of pounding,
twisting, flexing, or thrust could result
in engine crankshaft and bearing failure.
Costly failures of this nature can be
avoided if, at the design and installation
stage, the importance of proper
alignment between the engine and driven
load and providing an adequate
mounting to maintain alignment

is considered.

Vibrating stresses can reach destructive
levels at engine speeds which cause
resonance. Resonance occurs when the
natural frequency of the system
coincides with the frequency of

the vibrations. The total engine-

driven equipment system must be
designed to avoid critical linear or
torsional vibrations.




[image: image22.png]Torsional Vibration

Any shaft rotating with a mass attached
to each end is capable of torsional
vibration if there is any irregularity in
the rotation of either mass.

Rotational irregularities are produced
by engine combustion pulses,
reciprocating motion, and the propeller.
Torsional vibration originates with the
power stroke of the piston. The
simplified drivetrain in Figure 4.1
illustrates the relationship of shaft
diameter, length, and inertia on the
natural frequency of the system.

Figure 4.1

In a marine transmission, the
intermeshing of gear teeth can cause
torsional vibration. Misaligned flexible
couplings, as well as universal joints
(except for constant velocity types),
can also cause torsional vibration. At
the other end of the system, any
irregularity in the flow of water to a
propeller caused by struts, appendages,
hull clearance or propeller pitch
inaccuracies can cause torsional
vibration in a system. Auxiliary loads
driven from the front of an engine can
also cause torsional vibration.

To ensure the compatibility of an engine
and the driven equipment, a theoretical
torsional vibration analysis is necessary.
Disregarding the torsional compatibility
of the engine and driven equipment can
result in extensive and costly damage to
components in the drivetrain, or engine
failure. The torsional report will show
the natural frequencies, the significant

resonant speeds, and either the relative
amplitudes or a theoretical
determination of whether the maximum
permissible stress level is exceeded.
Also shown are the approximate nodal
locations in the mass elastic system for
each significant natural frequency.

Conducted at the design stage of a
project, the mathematical torsional
analysis may reveal torsional vibration
problems which can be avoided by
modification of driven equipment
shafts, masses, or couplings.

The following technical data is required
to perform a torsional analysis:

1. Operating speed ranges,
lowest speed to highest speed, and
whether it is variable or constant
speed operation.

2. Load curve on some types of
installations for application with a
load dependent variable stiffness
coupling.

3. With driven equipment on both
ends of the engine, the horsepower
requirement of each set of
equipment is required and whether
operation at the same time
will occur.

4. A general sketch of the complete
system showing the relative location
of each piece of equipment and type
of connection.

5. Identification of all couplings by
make and model, along with WR2
and torsional rigidity.

6. WR2? or principal dimensions of
each rotating mass and location of
mass on attached shaft.

7. Torsional rigidity and minimum
shaft diameter, or detailed
dimensions of all shafting in the
driven system whether separately
mounted or installed in a housing.

8. If a reciprocating compressor is
utilized, a harmonic analysis of the
compressor torque curve under
various load conditions is required.
If this is not available, then a torque
curve of the compressor under each




[image: image23.png]load condition is required. The WR2
of the available flywheels for the
compressor should be submitted.

9. The ratio of the speed reducer or
increaser is required. The WR2 and
rigidity that is submitted for a
speed reducer or increaser should
state whether or not they have been
adjusted by the speed ratio squared.

10. The WR? and number of blades on
the propeller.

Since compatibility of the installation is
the system designer’s responsibility; it

is also his responsibility to obtain the
theoretical torsional vibration analysis.
Upon request mass elastic systems of
items furnished by Caterpillar will be
supplied to the customer without charge
so that he can calculate the theoretical
torsional vibration analysis.

Mass elastic data for Caterpillar Diesel
Engines, Marine Transmissions and
Generators is covered in the Technical
Information File, as well as a complete
list of the required data should you
wish Caterpillar to perform a torsional
analysis. There is a nominal charge for
this service from Caterpillar.

[

Linear Vibration

Linear vibration is usually identified by
a noisy or shaking machine. Its exact
nature is difficult to define without
instrumentation. The human senses are
not adequate to detect relationships
between the magnitude of displacement
of a vibration and its period of
occurrence. For instance, a first order
(1 x rpm) vibration of 0.010 in

(0.254 mm) displacement may feel about
the same as third order measurement of
0.002 in (0.051 mm).

Linear vibration occurs as a mass is
deflected and returned along the same
plane, and can be illustrated as a single
mass spring system, Figure 4.2.

As long as no external force is imposed
on the system, the weight remains at
rest and there is no vibration. But, when
the weight is moved or displaced and
then released, vibration occurs. The
weight will continue to travel up and
down through its original position until
frictional forces again cause it to rest.
When a specific external force, such as
engine combustion, continues to affect
the system while it is vibrating, it is
termed forced vibration.

Amplitude

Peak Acceleration

| —/
| Upper ( Limit F——— —_
e —_—
Peak Velocity
Peak
Neutral Position w— to L
Peak
' Lower Limit |
——— . — e ] Period
Time

Figure 4.2

MASS-SPRING SYSTEM




[image: image24.png]The illustration is also an example of
linear vibration. Linear vibration is an
in-line motion and occurs as an object
moves and returns along a repeatable
path. Linear vibration must not be
confused with the torsional (twisting)
vibration motion of the crankshaft and
driven rotating shafts (refer to section
on Torsional Vibration).

The displacement from the mean
position is referred to as the amplitude.
One cycle of vibration is the movement
of the mass from the neutral position to
the upper limit, then back through the
neutral position to the lower limit and
back to the neutral position.

The time required for the weight to
complete one complete cycle is called
a period.

If the weight needed one second to
complete a full cycle, the vibration
frequency of this system would be one
cycle per second. A system that
completed its full motion 20 times in
one minute would have a frequency of
20 cycles per minute, or 20 cpm.

Establishing the vibration frequency is
necessary when analyzing the type of
problem. It allows identification of the
engine component or mass system
which is causing the vibration. In
discussions of vibration, the frequency
of the motion is commonly referred to
in terms of order of vibration. In an
engine, the order of vibration is the
number of vibratory cycles exhibited by
a component during one revolution of
the crankshaft.

Vibration Frequency (cpm)

Order = g
Engine Speed (rpm)

The total distance traveled by

the weight, that is from one peak to
the opposite peak, is referred to as the
peak-to-peak displacement. This
measurement is usually expressed in
mils, where one mil equals one-
thousandth of an inch (0.001 in) or 25.4
microns. It can be used as a guide in
judging vibration severity.

Another popular method used to
determine the magnitude of vibration is
to measure the vibration velocity. Note

that the example is not only moving, but
also changing direction. The speed of
the weight is constantly changing. At its
limit of motion, the speed of the weight
is “0.” As it passes through the neutral
position its speed or velocity is greatest.

The velocity is an extremely important
characteristic of vibration but, because
of its changing nature, a single point
has been chosen for measurement. This
is the peak velocity and is normally
expressed in inches per second peak.

Velocity is a direct measure of vibration
and, as such, provides the best overall
indicator of machinery condition. It
does not, however, reflect the effect of
vibration on brittle material.

The relationship between peak velocity
and peak-to-peak displacement can be
found by the following formula:

V Peak = 523D F X 106

Where:
V Peak = Vibration velocity in inches
per second peak.
D = Peak-to-peak displacement,
in mils (1 mil = 0.001 in).
F = Frequency in cycles per
minute (cpm).

Vibration acceleration is another
important characteristic of vibration. It
is the rate of change of velocity. In the
example, note that peak acceleration is
at the extreme limit of travel where
velocity is “0.” As the velocity increases,
the acceleration decreases until it
reaches 0" at the neutral point.

Acceleration is normally referred to in
units of “'g” (peak), where “g” equals the
force of gravity at the earth’s surface.
(980 X 665 cm/s? = 386 in/s? =

32.2 ft/s2)




[image: image25.png]Acceleration measurements or ‘'gs” are
commonly used where relatively large
forces are applied. At very high
frequencies (60,000 cpm) it is perhaps
the best indicator of vibration.

The vibration acceleration can be
calculated as:

gPeak = 142 D F2 x 108

Displacement, velocity, and acceleration
are all used by vibration experts to
diagnose particular problems.
Displacement measurements are a better
indication of vibration under condition
of dynamic stress. Caterpillar has
standardized on displacement
measurement. Refer to Figure 4.3 for
acceptable linear vibration limits.
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Figure 4.3

The vibration limits shown in Figure 4.3
are for a power unit which is isolated
from external influence. Evaluation of
linear vibration of a power unit should
be conducted with the unit isolated
from the substructure or base which
could be in resonance and contributing
to the problem.

Identification

Linear vibrations in marine machinery
are generally caused by:

1. Unbalance of rotating or
reciprocating parts.

2. Combustion forces.

3. Misalignment of engine and driven
equipment.

4. Inadequate support and anchoring of
equipment.

5. Torque reaction.

6. Propeller action.

The causes of linear vibrations can
usually be identified by determining if:

1. The vibration amplitudes increase
with the speed. If so, they are
probably caused by centrifugal
forces causing bending of
components of the drive shafts.
Checks should be made for unbalance
and misalignment.

2. The vibrations occur within a narrow
speed range. This normally occurs on
equipment attached to the machinery
— pipes, air cleaners, etc. When
vibrations show maximum amplitude
or peak out at a narrow speed range,
the vibrating component is in
resonance. These vibrations can be
modified by changing the natural
frequency of the part by stiffening or
softening its mounting.
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applied. This is caused by torque
reaction and can be corrected by
mounting the engine or driven
equipment more securely or by
stiffening the base or foundation.
Defective or worn couplings can also
cause this problem.

It is sometimes necessary to determine
the frequency of the vibration to locate
its source. The frequency would be
expressed as a multiple of engine rpm
(i.e., one half times engine rpm, one
times engine rpm, two times engine
rpm, etc.).

If excessive linear vibration motion is
present or suspected, an initial
measurement should be made to
identify the source prior to starting
corrective action. These measurements
are to be checked against the applicable
limits shown in Figure 4.3.

A vibration analyzer is a prerequisite to
troubleshooting a problem of this
nature. A unit that measures
frequencies and amplitude is suggested.
Further, the analyzer should be rugged
and easily understood.

Isolation — Antivibration/Noise

Caterpillar Engines are not adversely
affected because of inherent vibrations
consistent with normal operation, and
isolation is not advantageous or
required in connection with normal
operating conditions. Nevertheless,
vibrations from surrounding equipment,
if severe, can cause damage to an engine
which is inoperative for long periods of
time. Bearings and shafts can be
damaged and ultimately fail if these
vibrations are not isolated from non-
running engines.

Refer to Auxiliary Engines section for
vibration isolation of auxiliary engines.

Several commercial isolators are
available which will provide varying
degrees of isolation. Care must be taken
to select the best isolator for the
application. Generally, the lower the
natural frequency of the isolator (soft),
the greater the deflection and the more

effective the isolation. However, the
loading of the isolator must not
be exceeded.

The static weight of the machinery must
load a resilient mount close to the
center of its optimum deflection range.
Therefore, the weight that will rest on
each isolator must be known and the
isolators properly matched in respect to
the load and its center of gravity.

Although the internal damping of
various materials will cause some
difference in performance, the vibration
chart in Figure 4.4 describes the general
effect deflection has on isolation. By
using engine rpm as the nominal
vibration frequency, the magnitude of
compression on an isolating material
can be estimated. For precision
calculations, the properties of the
specified material must be analyzed.
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Figure 4.4

No matter what type of isolation is
used, it should be sized to have its
natural frequency as far removed from
the exciting frequencies of the engine
as possible. If these two frequencies
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in resonance.

Selecting Flexible Mounts

Rubber-type isolators are adequate for
applications where vibration control is
not severe. By careful selection,
isolation of 90% is possible. They will
isolate most noise created by
transmission of vibratory forces. But,
care must be exercised to avoid using
rubber isolators which have the same
natural frequency as the engine exciting
frequencies in both the vertical and
horizontal planes.

Fiber glass, felt, composition and flat
rubber of a waffle design do little to
isolate major vibration forces, but do
isolate much of the high frequency
noise. The fabric materials tend to
compress with age and become
ineffective. Because deflection of these
types of isolators is small, their natural
frequency is relatively high compared to
the engines. Attempting to stack these
isolators or apply them indiscriminantly
could force the total system into
resonance.

Several types of resilient pads isolate
noise but not vibration. Some may even
amplify first order vibrations. As a
general rule, resilient mounting pads
should have at least 15/64 in (6 mm)
static deflection; less than this results in
reduced noise, but little or no vibration
isolation. Consult the supplier for
specific information.

The most effective isolators of low
frequency vibration are the steel spring
type. These can isolate approximately
96% of all vibrations. They also provide
overall economy and allow mounting, of
all but propulsion machinery, on
surfaces that need only support the
static weight.

For vibration isolation of auxiliary
engines and generator sets, refer to the
Auxiliary Engines section.

It is important that spring-type isolators
be equipped with longitudinal, vertical,
and lateral restraints or stops which
permit only the amount of motion
necessary for isolation purposes. A

rubber plate under the spring isolator
will stop the high frequency vibrations
(sound) which are transmitted through
the spring. These high frequency
vibrations are not only harmful, but
result in annoying noise.

Caterpillar Tractor Co. and others can
supply flexible mounts. To obtain the
correct flexible mount, the supplier
must know what protection is required.
Contact a suitable supplier and provide
him with:

1. Equipment configuration and base
drawing.

2. Expected frequency of the forcing
vibrations.

3. Weight and center of gravity of the
unit to be isolated.

Vibrations at frequencies of 200 cycles
per minute and below are difficult to
isolate. The request for specific
recommendations should be made to the
supplier of the flexible mounts.

Large Propulsion Engines

Caterpillar offers a practical way to
reduce the transmission of machinery
vibrations through the ship’s structure.
The Caterpillar sound isolating
mounting group uses relatively stiff
[less than 0.030 in (0.762 mm) deflection
with less than 0.5 in (12 mm) thickness
of resilient material] vibration isolating
engine mounts, Figure 4.5. Flexible
supports/connections for all air, fuel,
water, oil, and exhaust piping is
required when the sound isolating
mounting group is used. Spring-type
engine mounts generally have
deflections greater than conventional
drive shafts and piping can handle and
should be used only under the
supervision of an expert.

The mounting bolts must be isolated
from the engine. If not, vibrations will
be transmitted directly to the
foundation as though the isolating
material were nonexistent.

Stiff resilient mounts between the
engine supports and the foundations
will isolate the high frequency
mechanical vibrations. The Caterpillar
sound isolation mounting group will not
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[image: image29.png]isolate low frequency vibration, such as
the engine firing frequency. Experience
has proven that these vibrations are not
annoying or dangerous. The Caterpillar
sound isolation group is effective for
frequencies above 1000 Hz. Total
movement between the engine and the
foundation is very small and generally
no provision for movement between the
engine and driveline is necessary.

The engine alignment should be checked
periodically when using mounting pads
because the pads may take a permanent
set due to the pressures and
temperatures encountered.

Small-Propulsion and
Auxiliary Engines

In general, the softer the mounting
system the greater the reduction in
vibration. While the above machinery
may represent serious sound/vibration
sources, the limits on mounting softness
imposed by stiff propulsion shafting
does not exist. Therefore, generator

sets, small pleasure craft propulsion
engines, and other auxiliary machinery
can be thoroughly isolated.

Most hydraulic system sound is caused
by pressure regulating valve chatter and
pump gear teeth noise. This type of
sound should be analyzed and corrected
by the hydraulic system supplier.
Hydraulic motors and piping may be
effectively isolated by soft motor

mounts and flexible piping connectors.

For vibration isolation of auxiliary
engines and generator sets, refer to the
Auxiliary Engines section.

Hull Vibration

Hull vibration can usually be attributed
to the synchronization of the vibrating
frequency of machinery or propeller
with a natural vibration frequency of
the vessel’s hull.

The most effective way to eliminate hull
vibration caused by an engine or
generator is to isolate the offending unit
from the hull by means of vibration
isolating mounts. If a flexibly mounted
propulsion or auxiliary engine drives its
load through a shaft, it is necessary to

use a flexible coupling arrangement to
permit engine movement relative to the
driven shaft.

Propeller vibration is usually an
indication that the propeller is either
unbalanced or that there is a water
blockage somewhere in the stream
flowing to the propeller. Heavy
appendages, in the form of struts
(especially vee-type struts), rudders or a
stern post in close proximity to a
propeller, may induce vibrations. These
forces, acting on a propeller, can result
in considerable shaft whip. Appendages
which are not along natural flow lines
may cause a partial water block and set
up vibrations. A misaligned or bent
shaft can also cause severe vibrations.
Inadequate propeller clearance can
induce a sizeable lever action on the
upper portion of a propeller.

The specific cause of vibration
originating at the propeller is
sometimes difficult to determine.
Basically, an increase in the number of
blades will alter the vibration pattern
and reduce the impact per blade. As a
result, this is the method most
frequently used in correcting propeller
vibration when the propeller is known
to be balanced and yet evidence points
to the propeller as the source of
vibration. A source of vibration on twin
screw vessels is the beat of two
propellers due to a slight difference in
engine rpm. The severe vibration that
may result will affect the life of the
main bearings on nonrunning standby
generator sets. For this reason, it is
important to determine if noticeable
vibration is present on the idle
generator set due to this condition.
Vibration mounts under the electrical
generating set are the only sure way of
preventing this problem. When using
the marine spring isolator, ensure that
each pipe, control system, electrical,
and driveline connection is properly
designed to allow for maximum engine
motion without overstressing any of the
connecting components.

Refer to Auxiliary Engines section for
vibration isolation of auxiliary engines
and generator sets.




O-Ring To Center Clearance Type Bolts In Their Holes
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