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FOREWORD

Revision "B" of ARP588 contains numerous corrections and improvements intended to
make the document easier to read and understand.

The document has been restructured and the title changed. A drawing of the test
masses for use with the proving rotors has also been added. 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.

ARP1342, Periodic Surveillance Procedure for Horizontal Balancing Machines has
been incorporated into Section 10 herein.
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1. SCOPE:

This SAE 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 ARP4050 is issued for that type of machine.

1.1 Purpose:

1.1.1 This Aerospace Recommended Practice (ARP) delineates the technical
specifications for the rotating type of soft-bearing, single plane
(i.e., static) balancing machine used for measuring the amount and angle of
unbalance in gas turbine rotors.

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

1.1.3 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 in one capacity range. It can also be used as a
general specification by purchasers (users) in procuring suitable balancing
machines from manufacturers (suppliers).

1.1.4 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 written in terms of A units rather than fixed
physical values such as ounces, ounce-inches, or microinches.

1.2 Particular note should be taken that this ARP only examines the capability of
a balancing machine to indicate the correct amount of static 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
its capability to balance rotors of different weights and configurations 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 physical dimensions of rotors
that can be balanced

b. Accuracy of amount and angle indication
c. Sensitivity and linearity of amount indication

d. Ability to measure static unbalance unaffected by couple unbalance
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1.3 (Continued):

e. Balancing speed and direction of rotation

f. Drive requirements

g. Standard drive adapter flange requirements

h. Proving rotors, test masses, and rotor safety enclosures
2. REFERENCES:

The following references give some earlier balancing machine specifications
and background information on topics allied to this document.

2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

ARP587B Balancing Machines - Description and Evaluation Horizontal, Two
Plane, Soft-Bearing Type for Gas Turbine Rotors

2.2 U.S. Government Publications:

Available from Standardization Documents Order Desk, Building 4D, 700 Robbins
Avenue, Philadelphia, PA 19111-5094.

MIL-STD-167 Mechanical Vibrations of Shipboard Equipment, Department
of the Navy, Bureau of Ships

MIL-B-25510 (USAF) Military Specification, Balancing Machines -
Static-Single Plane

MIL-B-25511 (USAF) Military Specification, Balancing Machine,
Dynamic-Static, Two Plane

Report No. 371=V-24; Department of the Navy, Bureau of Ships, Code 371
2.3 ANSI Publications:

Available from American National Standards Institute, 1430 Broadway, New
York, NY 10018

"Balancing Machines - Enclosures and Other Safety Measures" ISO 7475-1984

American National Standards Institute 52.7-1982 Balancing Terminology
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2.4 Other Documents:
Balancing Technology - Hatto Schneider
2.5 Definitions:

Definitions are given for those technical terms which have a particular
meaning for this document. Some of these terms have been written with
capitals throughout the document particularly where they have definite
meaning in this context. The more general use of the same word will not be
capitalized. An attempt has been made to use the same words to express the
same idea. They are given in the approximate order in which they first
occur. For additional information see ARP587, Appendix 2.

2.5.1 BALANCING MACHINE: A machine that provides a measure of the unbalance in a
rotor which can be used for adjusting the mass distribution of that
rotor mounted on it so that once per revolution vibratory motion of the
Journals or force at the bearings can be reduced, if necessary.

2.5.2 BALANCING EQUIPMENT: A combination of the balancing machine, proving rotor,
tooling, and accessories necessary to accomplish a balancing operation.

2.5.3 MICROINCH: 1 wgin =1 x 10°in

2.5.4 STATIC UNBALANCE: That condition of unbalance for which the central
principal axis is displaced only parallel to the shaft axis.

NOTE: The quantitative measure of static unbalance can be given by the
resultant of the two dynamic unbalance vectors.

2.5.5 COUPLE UNBALANCE: The condition of unbalance for which the central
principal axis intersects the shaft axis at the center of gravity.

NOTE 1: The quantitative measure of couple unbalance can be given by the
vector sum of the moments on the two dynamic unbalance vectors
about a certain reference point in the plane containing the center
of gravity and the shaft axis.

NOTE 2: If static unbalance in a rotor is corrected in any plane other
than the plane containing the reference point, the couple
unbalance will be changed.

2.5.6 DYNAMIC UNBALANCE: That condition in which the central principal axis is
neither parallel to nor intersects the shaft axis.

NOTE 1: The quantitative measure of dynamic unbalance can be given by two
complementary unbalance vectors in two specified planes
(perpendicular to the shaft axis) which completely represent the
total unbalance of the rotor.
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2.5.6 (Continued):

NOTE 2: Dynamic unbalance is a combination of static unbalance and couple
unbalance resolved into two (and in some cases more than two)
transverse planes. Analytical conversion by vector analysis can
be made from dynamic unbalance to static plus couple unbalance and
vice versa. The correction of dynamic unbalance will achieve
compliete unbalance correction.

2.5.7 QUASI-STATIC UNBALANCE: That condition of unbalance for which the central
principal axis intersects the shaft axis at a point other than the center
of gravity.

NOTE: Quasi-static unbalance is a special case of dynamic unbalance where
the angle of the static unbalance coincides with the angle of one
of the couple unbalances.

2.5.8 ANGLE OF UNBALANCE: Given a polar coordinate system fixed in a plane
perpendicular to the shaft axis and rotating with the rotor, the angle of
unbalance is that angle at which an unbalance mass is located with
reference to the given coordinate system.

2.5.9 READOUT: As a verb, readout means to provide an answer or result by
whatever means the particular machine might use, such as a meter
indication, position of a control, scale reading, punched card, or counter
number. As a noun, readout refers to the result itself.

2.5.10 ONE A UNIT: Specified required sensitivity of the balancing machine under
test, stated in microinch displacement of the principle axis of inertia
from the shaft axis (if the rotor rotated in free space without
restraint).

a. In the place of the c.g. for static unbalance
b. In each bearing plane for couple unbalance

NOTE 1: For static unbalance an A unit is identical to a stated amount of
specific unbalance; i.e. the displacement of rotor c.g. from the
shaft axis (e) in microinch; e.g., if one A unit is specified to
be 50 gin it produces a displacement of rotor c.g. from the shaft
axis of 50 win.

NOTE 2: The specified required sensitivity of one A unit must be tested
as described herein. To meet the various tests the machine must
actually be capable of indicating 0.25 A or better.

2.5.11 UNBALANCE TEST UNIT Vs: The unbalance test unit Vs differs from the
unbalance test unit Vc as defined in ARP587B in that Vs constitutes static
unbalance whereas Vc constitutes couple unbalance. When a static
unbalance test unit Vs is applied in any plane other than the plane of the
c.g. it causes a quasi-static unbalance condition. Nevertheless, the
displacement of c.g. is the same as if the mass were placed in the plane
of the c.g.
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2.5.11

(Continued):

An unbalance test unit Vs may be determined by the following:

16Wx10-6 (Eq.1)
VS = r

where:

Vs = Unbalance test unit in ounces for 1 gin c.g. displacement of

rotor

W = Weight of rotor in pounds

r = Radius of test mass in inches
Examples:

If, for a particular rotor, Vs = 0.0003368 oz and A = 50, then

1A = 0.0003368 oz x 50 = 0.01684 o0z to be applied at the same radius for
which Vs was calculated. A 40 A test mass for the same rotor (for
checking range of unbalance indication, for example) would weigh 40 x
0.01684 oz = 0.6736 oz (or 40 A x Vs = 2000 Vs).

ANALOG: Means a readout which is measured on a continuous scale and whose
readability depends on the length of the scale.

NUMERICAL READOUT: See 4.3.2 The arithmetic number indicated by the
readout unit without any physical size or unit. Actual physical unbalance
is obtained by multiplying the numerical readout by the appropriate value
depending on the setup of the machine to which a physical unit is
assigned.

ONE POUND = 453.6 g (454 g round numbers)

= 16 oz

ONE OUNCE = 28.35 g

PLANE 1, PLANE 2, and PLANE 3, are test or correction plane designations

for proving rotors only.

HARD BEARING (BELOW RESONANCE) BALANCING MACHINE: A machine having a
balancing speed range below the natural frequency of the
suspension-and-rotor system.

SOFT BEARING (ABOVE RESONANCE) BALANCING MACHINE: A machine having a
balancing speed range above the natural frequency of the
suspension-and-rotor system.
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2.6 Symbols:

- Unbalance (o0z-in)

Units - Required sensitivity of the machine (microinches). See 2.5.10
Mass of one Unbalance Static Test Unit (oz). See 2.5.11

Weight of the proving rotor (1b)

Radius to the center of gravity (c.g.) of V or w from journal axis (in)
Separation of the Couple Unbalance planes

Unbalance mass at the correction radius of a rotor or part (oz)

FTQaSE<<P»PC
|

3. CONFORMANCE REQUIREMENTS:

The user or user’s designated inspector shall assure that the machine meets
the requirements of this document. Such assurance shall be ascertained by
individual verification of full machine conformance in all of the following
three areas:

3.1 Conformance with each line item of the capacity and dimensional requirements
in Table 1.

3.2 Conformance with each of the performance tests in Section 9.
3.3 Conformance with User designated contractual requirements, see Appendix A.

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 line 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 Tists the capacity and dimensional requirements for each class of
machine.
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