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Azimuth Thruster

Type: UUC

® Mechanical power
transmission

One pair of gears

® Both open water and
Ice conditions are
accepted
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Spiral bevel gear

® Gears in 90deg angle
® Unconstant helical angle

® Concave flank and
convex flank

® Toe — Heel
® Tip - Root
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B a.C k I aS h (B L) Operating pitch circles

Distance between the flanks
which are not in contact

® [nfinite number of ways to _ =
measure it AW acklash
Radius and direction (isansverse operation

Backlash
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Normal backlash
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® Backlash >0 backlash
® Always _
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Contact pattern

® Starts from the heel, ends at the toe

® A momentary ontact sweeps along the flank
O

O

A contact pattern is the imprint of these moments

Best visualised at the full torque test
e Gears have to be painted

Rolls-Royce proprietary information



Mounting distance (MD)

® MDs for pinion and
wheel are unique

® Determines pinion- .
wheel relative
position < 11 2 ?

® Gear maker will | Nl
stamp the values on : \
the gears o ul

® Reference point at H \/
pinion/wheel can be B
any point
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MD relation to BL ”

® Pinion and wheel
movement have
different effect on
the backlash

® If either one is

& 5 °*
B [e)]

—&—Backlash 0.55mm

moved towards the G ataianorinn
other the BL will I I A N T S
reduce
e If continued \
eventually BL . \\
will be zero X \
AN

Rolls-Royce proprietary information ROI IS'RoyCe



When a pair of gears iIs in correct position?

Backlash

N\

Gears in
MD correct position MD
pinion 2/ 4 wheel

7~
Contact
pattern
(no load /
full load)

® \When at least two of the above come
true (2/4)
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Types of failures

® In general the following types
e Pitting
e Scuffing
e Subsurface fatique
e Combination of these

® QOverload can cause them
all
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Findings
® Basic dimensioning of the gears is
adequate

® No common factor can be found related to
material properties and material forming
properties (hardness, case hardening,
forging rate etc.)

® Backlash during operation has been zero or
close to zero

® Backlash set up at the factory has not been
according to the required value

® Geometry error on the flank of the wheel
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Deflection calculations and gear flank specification
® |n order to make the gears work deflection of the environment has to be
taken care of

® |n the past contact pattern and flank specification has been done by trial
and error

® Now the deflections have been calculated

o When known by numbers gear manufacturer can make more accurate
flank specification (flank micro geometry)

Micro geometry determines the origin for the contact pattern
Stress distribution can be optimized

® Software can simulate and full torque test will proof that the contact stays
on the flank with every load (0-100%)
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Relative movement due to temperature

differencies

A known fact is that:

e Lower housing will be cooler
than the pinion

e Pinion will move towards the
wheel and backlash will change

As the deflections are now calculated
this has been taken as one design
parameter (addition to P)

e Better control of the
phenomenon
Hot and cold situation simulated
e Cold: equal temperature
o Hot: temperature difference

At the full torque test hot and cold
situation is checked
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Setting up the gears and BL

The pinion is set up using MD -

o Extraplane in the lower housing

Wheel is set so that BL will be
correct

=>2 /4, correct position

» After full torque test 3/ 4 [ \ R \

One consistent BL value in use:

- 7%

BL100
Measured at 100mm radius from the

| |
]
- _ _
pinion tangentially 1 N EO

\[/ |1 T
y |

» Convenient ® Special tools to lock the

o If measured e.g. at 350mm the

propeller shaft firmly when

result can just be divided by 3.5 measuring the BL
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Geometry error

® Even a minor defect in the gear flank
geometry may cause significant increase in
contact pressure thus contributing to the
observed failures

® Actions have been taken to assure better

flank geometry, especially in heavy (weight)
gears
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Conclusion

® A pair of gears in any environment In
any application can destroy itself if for
example installed incorrectly

® The most drastic event is when BL goes
to zero

Cross contact, high loads

® The improvements described in this
presentation will help us to even further
Improve the track records of large bevel
gears
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