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FOREWORD

The prior A version of this document achieved wide acceptance and use around the
world by turbine engine manufacturers and overhaulers. The extensive application

of this ARP resulted in some suggestions for improvements that are addressed by
this B revision of the document.

To make the document more user friendly, the structure has been rearranged and
explanatory text added. The requirement for outboard proving rotors has been
deleted, along with the associated tests. Duplications of certain other tests
have been eliminated. The format of all tests has been standardized, and the
requirements for each test together with the test procedure consolidated into a
single section of the document. End-drive interface dimensions have been
harmonized with those in ARP1382, and specifications for work support envelops
and rotor enclosure mounting pads deleted. Capacities and dimensions for three
smaller classes of machines have been added to take into account the requirements
of the small turbine engine, accessory, and missile industries.

ARP1340 (Periodic Surveillance Procedure for Horizontal Balancing Machines) has
been incorporated into Section 10 herein.
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1. SCOPE:

1.1 This Aerospace Recommended Practice (ARP) specifies the requirements of
balancing machines that make them suitable for the subject class of work.
It was developed for soft-bearing balancing machines but may also be used
for hard-bearing machines until ARP4048 is issued for that type of machine.

1.2 Particular note should be taken that this ARP examines only the capability
of a balancing machine to indicate the correct amount of dynamic or
static/couple unbalance in specified proving rotors. Such rotors are
commonly used for testing balancing machines to provide precisely controlled
and comparable test results. Further tests of a particular machine may be
necessary to assess the capability to balance rotors of different weights
and configurations, rotors with outboard c.g. and/or correction planes, and

those with disturbance causing features, such as rotors subject to blade
scatter, windage, etc.

1.3 This ARP specifies dimensional and performance requirements in the following
areas:

a. Machine capacity relating to weight and physicaT dimensions of the
rotors that can be balanced

b. Accuracy of amount and angle indication
¢c. Sensitivity and Tinearity of amount indication

d. Ability to separate dynamic unbalance into two planes or into static and
couple unbalance

e. Balancing speed and direction of rotation
f. Drive requirements
g. Proving rotors, test masses, and storage containers

2. PURPOSE:

2.1 This ARP delineates the technical specifications for the rotating type of
soft-bearing, two-plane (i.e., dynamic) balancing machine used for measuring
the amount and angle of unbalance in one or more than one plane in aircraft
type turbine engine, accessory and missile rotors,

2.2 This document also delineates performance tests to be used to ensure
conformance with the requirements in this ARP.

2.3 This document was prepared to describe dimensional and performance
requirements for machines capable of balancing most rotors either now in
service or to be put into service in the foreseeable future. This will
enable both rotor and balancing machine manufacturers to standardize,
avoiding the need for separate tooling to adapt a particular rotor to a
variety of machines of one capacity range. It can also be used as a general
specification by purchasers ("Users") in procuring suitable balancing
machines from manufacturers ("Suppliers").

Documents

Document Sharing Hub

Full document details: SAE ARP587C


http://www.avadocuments.com/doc/sae-arp587c
http://www.avadocuments.com/doc/sae-arp587c

SAE ARPS587C Page 4 of 38

2.4 To make this ARP sufficiently flexible so that it can be adapted to a
variety of applications (such as rotors to be balanced by the accessory and
missile industries, where a wide range of balance tolerances are specified),
the test procedures have been vritten in terms of A units rather than fixed
physical values such as ounces, ounce-inches, or microinches.

3. CONFORMANCE REQUIREMENTS:

The User or the User's designated inspector shall assure that the machine

meets the requirements of this ARP. Such assurance shall be ascertained by

lﬂd1v1dual verification of full machine conformance in all of the following
ree areas:

3.1 ?onfogTance with each 1ine item of the Capacity and Dimensional Requirements
n Table 1.

3.2 Conformance with each of the performance tests in Section 9.
3.3 Conformahce with User designated contractual requirements (see Appendix C).
NOTE: To keep the test procedures short enough to be practical, some

requirements in Table 1 and elsewhere are not fully proven either
through the 1ine item verification or the tests in Section 9. Such
requirements are intended as a guide to the balancing machine
manufacturer, and will have to be covered by the warranty and
reputation of the manufacturer.

4. CAPACITY AND DIMENSIONAL REQUIREMENTS:

Table 1 1ists the capacity and dimension requirements for each class of

machine.
TABLE 1 - Dimension and Capacity Requirements

Characteristic Dimensions and Capacities
4.1 Machine Class (1b) 10 30 100 300 1000 3000
4,2 Rotor Weight (1b)
4,2.1 Max1 20 50 150 450 1500 4500
4,2.2 Min 0.3 1 3 45 150 450
4,2.3 Max per Support1 10 30 100 300 1000 3000
4,2.4 Max negative load on one support 3 10 30 45 150 4502
4,2,5 Max moment per suppoort 10 30 100 300 1000 3000

(offset load ~ 1b'in)
4,2.6 Max Wn? valued 65 65 400 3300 5500 12000

(1b-rpm2'106)
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TABLE 1 (Continued)
Characteristic Dimensions and Capacities

4.3 Rotor Size (in)

4,3.1 Max diameter (in rotor enclosure, 10 12 22 25 55 66
mounted in tie bar frame)
4,3.2 Max diameter of outboard rotor -4 -4 - A -4 90 110
(in rotor enclosure)
4,3.3 Max distance between support 15 15 25 50 75 100
centerlines
4,3.4 Shaft dia, range min. 0.2 0.3 0.4 0.5 1 1.5
on rol1s® max. 1.2 1.5 3.5 7 9 12
4.3.5 Saddle bearing ID7 3 4 6 10 13 15
Width 0.75 1 1.5 2 2
4.4 Unbalance Measurement ( in)
4.4,1 Sensitivity (see
B.10) 1 A unit 10 10 10 14.5 14.5 14.5
4.5 Drive and Balancing Speeds
4.5.1 Horsepower8:9 0.15 0.75 2 10 30 75
4.5.2 Rotor (or rotor pulley) driven
diameter (in)10 0.5-4 0.5-4 0.8-6 1-9 2-12 3-18
4.5.3 Max belt width (in)8 0.5 1.0 1.5 2.5 5 6
4.5.4 End-drive interfaces (Nm ratings) NA NA NA 80 80 250
(For dimensions see ARP1382) 250 250 700
700 2250
4.5.5 Balancing speed min 500 500 500 500 500 500
range (rpm)!1 max 3000 3000 2500 1500 1500 1500
4.5.6 Test speed min 1500 1200 1000 800 800 600
range (rpm)'!  max 3000 2500 2000 2000 1500 1000
4,6 Proving Rotors
4.6.1 Design i ceeeen. per-Appendix A12 (il
4,6.2 Weight (1b) N n 52 52 170 460
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TABLE 1 (Continued)

1Over'loading of the balance machine beyond 4.2.1 and 4.2.3 is net recommended unless approved by the
balancing machine manufacturer.

21f the 3000 1b class machine is to accommodate certain large, fan-type rotors, a maximum negative
load of 700 1b must be specified. _

3The stated values assume that the rotor c.g. Ties within the midthird of the distance between the
machine supports. If not, the Wn2 capacity at the near support is reduced, particularly in case of
outboard rotors, and must be clarified with the manufacturer.

4Depends of height of plinth over floor.

Sprovision shall be made to extend the distance between supports either by providing an option at
the time of purchase or by a modification kit which may be purchased later.

6App'Hes only if the machine is equipped with roller carriages.

TApplies only if the machine is equipped with saddle bearings.

8Approximate guideline. The User should specify to the Supplier the horsepower requirements at
specific balancing speeds., For belt-drive, full horsepower is intended to be transmitted only by the
largest pulley diameter and belt width, For other details on the electrical specifications for the
drive see also Appendix C.

9The machine shall be capable, six times within an agreed upon time period, of accelerating to
balancing speed and then stopping that User rotor which requires the most drive power.

1oAppHes only to machines with belt-drive. Application of the belt to the workpiece shall be
possible over the full distance between supports as stated in 4.3.3, either between or outside of
the supports,

NThe machine shall be capable of driving and balancing rotors at continuously variable speed in
both directions of rotation over the speed range stated in 4.5.5.

]ZNew, simplified proving rotors for all machine classes are being developed in ARP4162. Once this
ARP becomes available, it may be used in place of the rotors listed in Appendix A.

5, PROVING ROTORS:
5.1 Tests With Inboard Proving Rotors:

Each balancing machine shall be tested with the appropriate size of inboard
proving rotor specified in 4.6.

NOTE: 1In case the machine is to be used for balancing outboard rotors, it
should be tested with the actual rotor as agreed between Supplier and
User,

5.2 Rotors and Accessories:

A1 proving rotors shall consist of (be equipped with) the following items
complete and in accordance with drawings and specifications herein:

a. Proving rotor with bearings

b, Test masses as listed in Section 9, Table 2

c. Saddle bearing inserts to adapt the support saddie bearings to the
proving rotor bearings

d. Proving rotor storage box
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5.3 Commonality of Accessories:

In those cases where proving rotor accessories are common to more than one
proving rotor, it shall not be necessary to provide duplicate sets of
accessories for each proving rotor. This shall apply to bearings, bearing
adaptors, and test masses maintained at a given User or Supplier facility,
or to be shipped to such a facility for tests.

5.4 Proving Rotor Running in Rolling Element Bearings:

If User rotors are to be balanced in stators, cradles, or rolling element
bearings, the balancing machine must be equipped with saddle bearings.
During the tests, the proving rotor must be equipped with rolling element
bearings supported in the machine saddie bearings. Proving rotor bearing
outer races must then be held perpendicular to the rotor shaft axis, usually
within 0.0005 in total axial runout.

5.5 Proving Rotor Running on Twin-Roller Saddle Inserts:

Alternatively, the proving rotor journals may be supported during the tests
on twin-roller inserts fitted into the machine saddles, provided that the
saddles of the left and right machine supports are rigidly connected with
each other during the tests by a tiebar frame.

NOTES:

1. The requirements in 5.4 and 5.5 only apply if the User plans to balance
rotors that are to be mounted in the machine using their own stators,
cradles, or rolling element bearings. The requirement is intended to
prove that the machine supports have sufficient vertical axis freedom to
function properly under such rotor mounting conditions.

2. If the User does not plan to balance rotors in stators, cradles or
rolling element bearings, the tests must be run by letting the proving
rotor journals rest directly on the machine support roller carriages.
No rigid connection is then required between the Teft and right roller
carriages.

6. TEST MASSES:
6.1 Required Test Masses:

The test masses required for the Performance Tests are listed in Section 9.
Their unbalance values are based on the unbalance Test Unit System (see
B.11). Their dimensions and weights shall be certified to the values shown
in Appendix A, Figure A2,

6.2 Special Test Masses:

Test masses other than those specified in this document shall be provided
when special tests are required that are not specified herein. This also
applies to tests with outboard rotors (see note in 5.1). Such test masses
shall conform in design, specifications, and dimensional and weight
tolerances to those specified in Appendix A, Figure A1B respectively A2.
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7. GENERAL TEST CONDITIONS:
7.1 Scope of Tests:

The specific performance requirements preceding each test in Section 9 have
been written to define certain characteristics of the machine. Conformance
with the tests constitutes what i1s considered minimum proof that the machine
will meet these requirements. The test procedures will not prove
conformance with all requirements over the full range of all variables,
ne1?her ¥11L they measure nor define the exact reasons for nonconformance in
a gliven test,

Failure of a machine to conform may be due to shortcomings in specific
components or to more general reasons such as lack of ruggedness, improper
leveling or anchoring to the floor, etc.

7.2 Operator Furnished by User or Supplier:

When performing these tests, the User shall provide an examiner trained in
the use of balancing machines. The Supplier shall instruct the User's
representative in the use of the machine. The User shall either operate the
machine or be satisfled that the same result as the Supplier's operator
could be obtained. The Supplier shall ensure that the written operating
instructions are followed by the User.

7.3 Verification of Rotor and Test Masses:

The Supplier and User shall verify the certification and location of the
test masses, and that they and the proving rotor conform to the applicable
specifications in Appendix A.

7.4 Test Sequence and Evaluation:

The tests described in Section 9 shall be run in the sequence as listed.
Each test generally requires that:

a. The appropriate proving rotor be run in the machine

b. Unbalance be measured and the readings recorded in one of the Test Logs
provided in Section 9

c. The recorded readings be plotted in the polar graph in Section 11

d. The overlay of Section 12 he placed over the polar graph to ascertain
whether the plotted points fall within the windows of the overlay

NOTE: For the polar graph, only the following two types of polar graph
paper, or the equivalent, are suitable: #359-31 of Keuffel and Esser
Company or #AC-0815-0T or GT of Graphic Controls Corporation.

CAUTION: Do not attempt to make copies of the polar graph or the overlay by
photocopying or other duplicating processes that enlarge, reduce
or distort the originals, as this will cause falsification of the
test results. The Test Logs, however, may be reproduced to obtain
working coples.
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8. RECHECKS AND COMPLETE TEST REPETITION:

8.1 At the end of each test procedure the conditions for conformance
(acceptability) are stated. If these are not met, the machine does not
conform to the requirements. ‘

8.2 A machine that would normally conform could, by chance, fail in a single
test run. If so, two rechecks of the specific test conditions and
procedures shall be made. The machine shall then conform in BOTH RECHECK
TESTS to qualify as acceptable under the specified test.

NOTE: Between the failed test and the two recheck tests, only those types
of adjustments to the machine shall be permitted that would not
affect the results of any of the prior tests, were they to be run
again, '

8.3 If conformance in any test or recheck tests necessitates adjustment(s) of
the machine that might affect the results of prior tests, ALL tests shall be
repeated starting with 9.1.

9. PERFORMANCE TESTS AND TEST LOGS:

Table 2 1ists the 10 individual performance tests and the number and size of
test masses required for each test.

TABLE 2
Required
Test Periodic Test
Test Section Masses (see Section 10)

Minimum achievable residual unbalance 9.1 Tx 20 A Applicable
Sensitivity of amount indication 9.2 T x 20A Applicable
Range and linearity of amount indication 9.3 1Tx 40 A Applicable
Heavy and 1ight spot 9.4 1x 40 A Optional
Accuracy of amount and angle indication 9.5 2x25A Applicable
Simultaneous amount and angle indication 9.6 2 x 40 A Optional
Plane separation 9.7 Tx 40 A Applicable
Static and couple unbalance separation 9.8 2 x 40 A Optional
Practical correction units 9.9 - Optional
Minimum interference from drive 9.10 - Applicable

NOTES: A minimum of 5 test masses is required for each size proving rotor, namely 2 x 2.5 A, 1 x
20 A, and 2 x 40 A,

In case of the 11-1b proving rotor, the two 2.5 A test masses are replaced by two sets of
10 and 12.5 differential test masses each.
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9.1 Minimum Achievable Residual Unbalance (see Figure 1):

9.1.1 Specific Performance Requirements:  The machine shall be capable of
consistently balancing the proving rotor down to 0.5 A units or less of

residual unbalance.

9.1.2 Test Conditions:

9.1.2.1 Set up the machine for indicating unbalance in the appropriate inboard
proving rotor (see 4.6) according to the supplier's operating manual.

9.1.2.2 AdJust the amount of calibration of a soft-bearing machine or the radius
setting of a hard-bearing machine, so that the readout ts directly in
units of A (or 0.01, 0.1, 10, 100, etc. times A) as convenient. Use a
20 A test mass for the soft-bearing machine calibration. Then remove
the calibration mass. On a hard-bearing machine, determine the proper
radius setting by measuring the radius (i.e., radial distance from the
shaft axis) to the test mass center of gravity.

9,1.2.3 Using the normal operating procedure, indicate the rotor residual
unbalance in planes 1 and 2. If it is less than 5 A units in either
plane, apply unbalance mass to the rotor until the unbalance in each
plane is between 5 and 20 A units.

9.1.3 Test Procedure:

9.1.3.1 Measure and then correct the indicated unbalance in both planes. Then
measure and record the residual unbalance in both planes in the Test Log

for 9.1.

9.1.3.2 Repeat 9.1.3.1 three more times, each time measuring the remaining
unbalance, applying the indicated corrections, and then recording the
new residual unbalance in both planes.

9.1.4 Conformance Requirement: A1l amount readings in Tines 3 and 4 of the Test
Log shall be no greater than 0.5 A units.

NOTE: Conformance provides no definite proof that the residual unbalance
in the rotor is indeed no larger than 0.5 A units. However, such
proof will be established by conformance with the test in 9.5 (see
also Note 1 under 9.5.5).

9.2 Sensitivity of Amount Indication:

9.2.1 Specific Performance Requirements: A1l analog types of amount of
uhbalance readout devices shall have at least 1/8 in (3 mm) displacement
of the pointer (or equivalent device) for an indication of 1 A unit over a
range of 20 A units. A1l digital types of amount readout shall have at
least 5 digits for an indication of 1 A unit over a range of 20 A units.

9.2.2 Test Procedure: Starting with the balanced proving rotor (i.e., same as

after 9.1.3.2), add a 20 A unit test mass to the rotor in plane 1, and
indicate the unbalance.
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9.2.3 Conformance Requirement: On machines with analog indication, the amount
indication shall be displaced by at least 2.5 in (60 mm) indicator
displacement. On machines with digital indication, the indication shall
be no less than 100 digits.

9.3 Range and Linearity of Amount Indication:

9.3.1 Specific Performance Requirements: For unbalances of less than 5 A units
in the proving rotor, the indicated amount shall not deviate more than
0.25 A units from the applied unbalance.

For unbalances of 5 A units or more, the indicated amount shall not
deviate more than 5% from the applied unbalance.

The range of unbalance indication shall extend to at least 50 A units.

9.3.2 Test Procedure: Starting with the baTanced proving rotor (i.e., same as
after 9.1.3.2), add a 40 A unit test mass at 270° to plane 1 of the
proving rotor and indicate the unbalance. It is permissible to change the
indicating sensitivity from that previously used by means of a sensitivity
(range-multiplying) switch. For example, if for 9.1.4 one unit of the
indicator scale represented 1 A unit, it may now be changed to represent 2
or 5 A units, without however affecting the calibration of the machine as
set up for 9.1.

9.3.3 Conformance Requirement: The indicated amount of unbalance shall be
between 38 A and 42 A units.

NOTE: The other requirements of 9.3.1 are proven by conformance with 9.5.

w
=Y

Indication of Heavy or Light Spot:

9.4.1 Specific Performance Requirements: MWith a 40 A unit test mass added to
the proving rotor, the machine shall indicate selectibly either the heavy
or light spot within 3° of the true position.

9.4.2 Test Procedure: Same as for 9.3.2.

9.4.3 Conformance Requirements: The indicated angle of unbalance shall be:

a. Between 267 and 273° when indication of the heavy spot is selected, or
b. Between 87 and 93° when indication of the light spot is selected.

w
o

Accuracy of Amount and Angle Indication (see Figure 2):

9.5.1 Specific Performance Requirements: HWith a stationary test mass in a given
proving rotor plane, and a second test mass being moved from position to
posttion ("traversed") in the same plane, all but one of the readings
recorded in the Test Log and then plotted on the polar graph must be
within the windows of the overlay.
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