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1. PURPOSE

This document establishes design parameters for balancing machine tooling, fixtures and accessories.
Adberence to the recommendations made herein will facilitate compliance with ARP 587A and 588A, as
well as the attainment of the usually high degree of readout accuracy and precision balance required for
jet engine rotors,

2. SCOPE

This document recommends general designs, tolerances, limits of application and suitable tooling," fixtures
and accessories for mounting and driving jet engine rotors on horizontal and vertical balancing machines.

3. APPLICABLE DOCUMENTS

SAE ARP 587A Balaneing Equipment for Jet Engine Components - Compressors and
Turbines - Rotating Type - for Measuring Unbalance in One or More
than One Transverse Planes

SAE ARP 588A Static Balancing Equipment for Jet Engine components - Compressor
and Turbine - Rotating Type, for Measuring Unbalance in One Trans-
verse Plane

SAE ARP 1202 Ball Type Slave Bearings for Rotor Support in Dynamic Balancing
Machines
1SQ/TC108/DS 1925 Balancing Terminology

4, METHODS OF SUPPORTING A ROTOR IN A HORIZONTAL BALANCING MACHINE

4.1 Slave Bearings: Slave bearings are rolling element bearings used in place of the engine bearings to
support the rofor in the balancing machine.

4.1.1 Advantages:

- No journal scoring.

- Good load carrying capacity.

- Minimum friction and heating.
- End stops usually eliminated,

- Controllable bearing clearance.

4.1.2 Disadvaniages:

Bearing Support for Rotor with

- Minimum achievable residual unbalance. Slave or Engine Bearings

is limited by runout and radial clearance.
- Special design.

FIGURE 1
- Long lead time for procurement,

4.2 Engine Bearings: Engine bearings can be used in the same manner as slave bearings, All of the charac-
teristics are the same except larger radial clearance adversely affects balancing machine sensitivity.
However, errors due to inner race eccentricity are eliminated, provided the bearings are left on the rotor

journals or the positions of the inner races are matchmarked before removal, and reassembled in the
same position.
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4,3 Sleeve Bearings: Sleeve type bearings are defined as bearings which are fitted to a specific journal and
have no moving parts. They should provide sufficient bearing area so that bearing load does not exceed
50 1b per square inch (3,5 bar) of projected bearing area. They are lubricated by a gravity feed or low
pressure oil system.

4,3.1 Advantages:

- Highly accurate.
- Low cost.
- Short lead time for procurement.

4,3.2 Disadvantages:

- Special design.
~ Journal scoring possible

- High friction generated on heavy rotors, consumes Bearing Support with Sleeve,
drive power and affects balance. Gas, or Hydrostatic Bearings
FIGURE 2

4.4 Gas Bearings: Gas bearings are modified sleeve bearings which have air or nitrogen under pressure
applied between the journal and the bearing. This results in the journal riding on the gas film.

4,4.1 Advantages:

-~ Highly accurate.
- Lowest friction of any bearing,

4,4,2 Disadvantages:

~ Require extensive design and fabrication effort.
- Journal scoring possible,

- Light load carrying capacity.

-~ Expensive.

4,5 Hydrostatic Bearings: Hydrostatic bearings are modified sleeve bearings which have oil under pressure
applied between the journal and the bearing. This results in the journal riding on a film of oil.

4,5,1 Advantages:
- Highly accurate,

- High load carrying capacity.
~ Low friction.

4.5.2 Disadvantages:

~ Require extensive design and fabrication effort.
- Journal scoring possible.
-~ Expensive.
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4.6 V-hlock Bearings: V-block bearings support the
rotor journal by two point contact. Nylon or
Teflon inserts reduce friction.

4.6.1 Advantages:

- Inexpensive.
- Universal.
- Accurate.

4.6.2 Disadvantages:

V-block Bearings

-~ Limited to light load.

- Frequent replacement of bearing material, FIGURE 3
- High friction.

-~ Journal scoring possible.

- Suitable for uninterrupted surface journals only.

4.7 Twin-roller Bearings: Twin~-roller bearings support the rotor journals on ball or roller bearing mounted
rollers. Crowned outer surfaces of the rollers are required unless spherically self-adjusting bearings are
used or the roller supports are connected by a tiebar or frame, permitting precise alignment. Twin-roller
bearing supports are often vertically adjustable to accommodate a range of journal diameters,

4.7.1 Advantages:

- Low friction.
- Universal.

- Heavy load carrying capacity @
(if rotor journals are reasonably hard). @

~ Moderate cost.

4.7.2 Disadvantages:

- Journal scoring possible. Twin-roller Bearing
~ Roller diameter must differ from journal diameter
by more than 10%. FIGURE 4

- Suitable for uninterrupted surface journals only.
5. CRADLES, STATORS, AND TIEBARS

5.1 Balancing Machine Prerequisites: Balancing machines conforming to ARP 587 have bearing bridges with
semicircular bearing halves (also called “'saddle bearings") to support the workpiece. Each bearing bridge
is designed to move freely not only in measuring direction (horizontally, perpendicular to the shaft) but
also about a vertical axis established by a line passing through the center of the support and perpendicular
to the machine bed. Such torsional freedom is required so that couple unbalance forces may be measured
without misaligning the bearings in each (out-of-phase) back-and-forth movement of the bearing bridges.
Without torsional freedom the bearing bridges (when connected by the rotor) could only move in unison to-
wards the front and rear of the machine; thus only static unbalances could be measured.

5.2 Purpose: Cradles, stators, and tiebars, when used in a balancing machine, generally serve to accommo-
date the workpiece in its own or slave bearings, and to maintain precise alignment of these bearings to the
shaft axis. To accomplish the latter, the cradles, stators, or tie bars must form a structurally rigid
conneetion between the balancing machine's bearing bridges. Since otherwise the rotor bearings would
become misaligned due to the torsional freedom of the bearing bridges, In addition, the bearing bridge
resonance in the torsional mode might coincide with the balancing speed and thus adversely affect the
readout.
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5.3 Design:

5.3.1 General: Cradle design and use of stators or tie bars should not be attempted without first obtaining
precise information on:

a. Workpiece weight and dimensions, including location of correction planes, method of correction,
and balance tolerances.

b. Required balancing speed and drive power.
¢. Method of drive and location of drive surfaces.

d. Balancing machine capacity, including workpiece envelope and interface dimensions, minimum
achievable residual unbalance, type of drive, speed range and drive power.

5.8.2 Cradles, stators, and tie bars must be sufficiently rigid to prevent distortion due to unbalance forces
and to prevent resonances at or near the balancing speed. They should be as light as practical to have
minimum parasitic mass and thus reduce the sinsitivity of the machine as little as possible.

5.3.3 The natural period of oscillation due to the moment of inertia of the combined fixture, bearing bridge,
and rotor assembly as suspended in the machine supports should be sufficiently dissimilar from the
balancing speed to prevent interference with unblance readout.

5.3.4 Considerations for the design and for use of cradles, stators, and tie bars are the same for soft bearing
and hard bearing balancing machines.

5.4 Cradles:
5.4.1 A cradle serves to support the workpiece in a horizontal position in the balancing machine.
5.4,2 A cradle rests on two work supports of the balancing machine.

5.4.3 A cradle must be structurally rigid and lightweight to withstand, without deflection, the forces en-
countered during mounting, acceleration, balancing, and deceleration of the workpiece.

5,4.,4 Cradle design generally falls into two categories:
a. A single piece of machined aluminum or other light weight material.

bs An assembly of two end plates separated by thin-walled steel tubes or structural members,
mechanically attached.

5.4.5 Common to all cradles, regardless of construction, are two semicircular bearing journals whose
dimensions must conform to the requirements of ARP 587, Figure 1.

5.4.6 To facilitate loading of the rotor bearings into the cradle it is recommended to provide:
a, Entrance chamfers at the split line of the cradle's bearing journals.
b. 1/82 in. (1 mm) extra width in bearing journals.
5.4,7 Semi-Circular shaped bearing caps should be provided for each bearing journal to cover the workpiece

bearings with a light pressure so that during acceleration or braking of the balancing machine the
workpiece will not lift off or slip in relation to the cradle.
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