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Bearing Reaction Measurements

* Bearing reactions are generally measured
utilizing:
- Hydraulic jacks
— Strain gauges.
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Jack-up Method

« The advantages of the jack-up method are:

- It uses simple measuring equipment such as hydraulic jack
and the dial gauge.

— Accuracy is significantly improved in combination with load
cell measurement.

- It is the only method that provides reaction load directly.
« The disadvantages of the jack-up method are:

~ It requires the same preparation time for each repeated
measurement.

- Mecésur'emen’r results in wide hysteresis if load cell is not
used.

- Installation inaccuracies due to:
« Misalignment of the hydraulic jack
 Misalignment of the dial gauge

- Although it directly records the load, jack-up method does
not measure bearing reaction directly,as the jack is lif’ring
next to the bearing location. This requires correction factors
to be applied which introduce some error as well.
@ 20074E5 H16 H A2 = ,;,}‘ I =z *3 74




Jack-up Method

» The method requires the following equipment:
~ Hydraulic jack (ram)

EEHBE TR

— Load cell
B Dlal gauge Load Cell
Hydraulic Jack
Hydraulic Jack with Load Cell
.]—,\\\
Q) woresatenmm= AHBHEZLYE 75



Jack-up Method

« The dialdqauge should be

Digital Dial Gauge anchored on the structure which
is not affected by the lifting. If
the structure is too flexible, the
jack load can move the dial gauge
anchor as well, thus resulting in
erroneous readings.

« When the jack-up procedure is
performed, it is suggested that
the displacement of the top of
the shaft be controlled and the
load read for each step on the
dial gauge. A smoother curve may
be generated by applying this
procedure, which will eventually
provide more accurate
recalculation of the bearing
reactions.

20074F5 16 H 5= AHHEZLYE 76



Jack-up Method

Reaction Measurement at Intermediate Shaft Bearing

Although the hydraulic jack records the load
directly, it does not measure the beanng
reaction direcily.

Jack is placed near the bearing and the actual
reaction

Dial wadicator

(F,) can be comelated to jack reaction

{F ) via a correction factor (C):

F,=GF,

r
Hyrdraulic Jack
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Jack-up Method

. Complécmce of}:rhi jack-up
rocedure with the
|gnaly‘rical model can easil¥h Jack-up Measurement of the Bearing Reactions
e

be verified by observin Inside Diesel Engine

ack-up procedure gradient.
he jack-up ?radien‘r is an
angle of the Tifting/lowering
curve. The jack-up gradient
is normally expressed as
change in lifting force over
change in vertical offsef.
Gradient values are normally
given as a regular output of
he shaft alignment analysis.

e Wl ack-u]|:3 radients are often
called n%luence Coefficient
values and are presented in
the form of a influence
coefficient matrix.

P
_'\ri é_.}
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Strain Gauge Method

The advantages of the strain gauge method are:

— It can provide information on the bearings not accessible for jack-up
measurements.

— Once the strain gauges are mounted, measurement can be easily repeated
within a very short fime.

— It can instantly provide data about vertical load and shaft runout.
It can provide simultaneous information on more than one bearing load.

The disadvantages of the strain gauge method are:

— It requires a relatively long time for equipment installation (approximately
one hour per measurement point).

— Accuracy of the data depends on system modeling.
— It requires relatively sophisticated and expensive equipment for
measurement.
The strain gauge technique for shaft bending moment measurement is
based on a basic beam relationship
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Strain Gauge Method

M= E.- W
where
E = Youg's modulns
E = siramn
W = section modulus (for circular shape =« '?: ).

-

Strain gauges measure sTam. The shaft's flexion deforms, strains the gauges glued on the shafi's
surface, thus changing the gauges’ resistance. Accordingly, the strain can be calculated:

.= AR
R*Ek
where
R = 13bndge resistance, in 0
AR = change m bndge resistance, m O
k=  bndge factor (a common value for brnidge factor 1s 2)
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« To increase the precision (error correction) of the measurements,
more than one gauge can be installed to measure the strain at the
same location. Usually, there are four gauges installed in the so
called Wheatstone bridge. Two pairs o %auges should be applied
180° apart from each other (Section 5, igéJr'e 7), and connected
in Wheatstone bridge as shown on Section 3, Figure 9.

 Section B, Figure 8 shows how a pair of uniaxial gauges is installed
on the shaft to measure tension in longitudinal direction.
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Wheatstone Bridge

« Voltage and resistance are then

connected as follows: 1 Qutpus

+ Combinit 7% above relationships, the - < R
shaft bending moment can be M. N Y
determined by applying the following S oy
equation: vin 3 a.\.;‘_ VOUT ——iD

M R TR

« If the shaft is rotated for a full N/
circle, each of the strain gauges will A
be exposed to deformation ]
proportional o two times the bending gm_wHF_ns LN
moment. A simple analysis of 3+Rg i+ g

continuous full circle measurements
will separate vertical and horizontal
bending moments.
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Bearing Vertical Offset Measurements

« The shafting bearing vertical position is set during the bore
sighting procedure. During that procedure, laser, optical or
piano-wire equipment is utilized. However, this initial presetfting
is often disturbed due to numerous reasons as mentioned in the
text above (unfinished construction work, hull deflections,
thermal influence, etfc.). Therefore, the actual bearing position
needs to be investigated in order to gain knowledge of how the
offset changes and what its influence is on the bearing
reactions.

« Several methods may be applied:
- Optical
— Laser
~ Piano wire
— Hydraulic jacks
— Strain gauges
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Crankshaft Deflection Measurement

Crankshaft Deflection Measurements

f"_n\ Positive web opening
Ful

Hegative web openitnz

1 b

[Dhal Indicator

T
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Gear Contact Misalignment
Measurement

Gear Contact

Case B) Unaccaptable contact — Large
musalignmment
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