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1.1 The purpose of this recommended practice is to delineate the technical specifications
for rotating type of force-balancing equipment for measuring the amount, and determin-
ing the location, of correction required in any transverse plane to balance jet-engine

components.

(For Glossary of Terms and Nomenclature, see Appendix 1.)

Another purpose of this document fs to delineate performance tests to be used to in-
sure compliance with its recommendations.

This doc
will be ¢
either ng
able both
the need

in one cagpacity range.

procurin,

missile i

iment was prepared to give a general description of balanein
hpable of balancing all jet-engine compressor and turbine<rof
W in service or to be put into service in the foreseeable futux

for separate tooling to adapt a particular component to a var
It can also be used as a general'specification f
p suitable balancing equipment for this type of work.

engine and balancing-machine manufacturers to standardize

this document sufficiently flexible sothat it can be adapted t
iring smaller or larger components to be balanced by the ad
dustries where smaller or large? balancing tolerances are |

e equipment which
or components

e. This will en-
in order to avoid
ety of machines
or purchasers in

b other applica-
cessory and
required, it has

been wriften in terms of A units rather than fixed physical values such as ounces,
ounce-in¢ghes, microinches.

SCOPE - is recommended praetice specifies those requirements of halancing equlpment
which makp it suitable for the'subject class of work.

It will speg¢ify:
Sensitfivity

Accurpcy of indication of amount -and location of unbalance
Ability to measure force unbalance unaffected by couple unbalance

oo e

rotors which can

be balanced ‘

Balancing speed of rotation

Standard balancing-machine drive-adapter flange dimensions
Power requirements

=~ 0

g.

3. REQUIREMENTS

3.1 Force and Couple Unbalance Separation

3.1.1 The balancing machine shall read out the amount and angular location of the force
unbalance unaffected by couple unbalance, for any selected correction plane in the
test rotor.
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3.1.2 The balancing machine shall indicate less than 2A units unbalance in the force cor-
rection plane of the test rotor when 40A units of unbalance (force test weights) are
added in the couple test planes of the test rotor. (Test of 4. 4.)

3.2 Amount Indication

3.2.1 All analogue types of amount of unbalance readout devices shall have at least 1/8 in.
displacement for measurement of A units unbalance over a range up to 20A units.
(Test of 4. 3. 6.)

3.2.2 For any| amount of unbalance less than 5A units', the unbalance medsuring device
shall deviate by less than 0. 25A units from the actual amount ofunbajance in the
test rotpr. (Test 1 of 4.3.5.)

3.2.3 For all unbalances above 5A units, readout amount shall not deviate more than 5%
from the applied unbalance. (Test of 4.5.1.)

3.2.4 The unbalance measuring range shall extend to at.least 50A units. (Test of 4.5.1.)

3.2.5 If the indicated unbalance is less than A units, successive application of the indicated
correctlons shall not result in a new indicated unbalance greater than A units.
(Test off 4. 3. 3.)

3.2.6 Indicated force unbalance linearity shall be within 5% of the applied fprce unbalance
for the applied unbalances of 40A, 20A and 10A. For an applied force unbalance of
2.5A, the indicated force unbalance shall be between 2. 25A and 2. 75A units.

(Test of| 4.8.) '

3.2.7 A test rptor corrected for unbalance until the amount of unbalance indicator shows a
minimum reading’shall not have an unbalance greater than 0.5A units|

(Test 2 pf 4. 3.5.)

3.3 CorrectignCIndication

3.3.1 The machine shall read out the location where addition or removel of material is
necessary to balance the rotor. (Test of 4.6. 2.)

3.3.2 The machine shall indicate the location in any plane of the test rotor to such accuracy
that for actual unbalance conditions up to 5A units only a single correction is re-
quired. When the indicated amount of correction is applied at the indicated location
in any correction plaixe, the machine shall indicate that such single correction has
been effective by indicating a residual unbalance amount of less than A units.

(Test 1 of 4. 3.5.)
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.3 For applied unbalance conditions in the test rotor of any value from 5A to 40A units,
the machine indications shall be of such accuracy that when the indicated correction
is made the resulting unbalance shall not exceed 10% of the original applied un-
balance. (Tests of 4.5.1 and 4.6.2.)

Practical Correction Units - The balancing machine shall provide unbalance amount
readout in terms of the correction units actually used, number of weights, number of
washers, etc., within the requirements of 3. 2 and 3. 3, subject to the interpretation
by the test procedure of 4. 2. 2. (Tests of 4. 3.2, 4.5.1 and tests for 3.2 and 3. 3.)
Becaus i i it i idered impractical to
write a| specific test procedure to satisfy paragraph 3. 4 for all machines. However, it
is necefsary that the balance-machine manufacturer demonstrate to|the purchaser that
this mdchine will read out in the terms of correction units actually used, such as

numben of weights, number of washers, etc. At the same‘time, thg readout shall re-
tain thd requirements of paragraph 3. 2. 1 and the sensitivity requirgd in other portions
of this focument.

Drive fpr Workpiece Rotor

.1 The maximum unbalance disturbance of the-drive system shall not|exceed 0. 5A units.
Corrdction means shall be provided in@rder to make subsequent upbalance adjust-
mentq which may be necessitated by wear or abuse. The drive system includes all
compdnents necessary to drive the.test rotor. (Test of 4.7.3.)

.2 All dnive flanges shall confarm to drawings specified in 3. 8. 6.

. 3 The djrection of rotation shall be counterclockwise when viewed frpm the drive
adapter flange toward the workpiece.

Speed df RotationDuring Balancing - The machine shall be capable|of operating at a
single ipeed ofrat least 900 rpm. .

Drivingl Motor and Control - Refer to details of contractual negotiatiions, Appendix A. 2.
.1 The minimum motor horsepower shall be as shown in 3.8.10 and Note C.
.2 The machine shall be capable of making repeated starts and stops to full speed with

the maximum weight test rotor for one hour in accordance with the test of 4.7.1,
during which time a minimum of 30 recorded cycles must be_ completed.
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General Dimensional and Capacity Requirements - The.following table lists the

general requirements of each class of machine.

Characteristic
25 1b. 250 1b.
3.8.1 Capacity designation Machine Machine
3.8.2 Minimum load - lb. 1 10
—t{See-alsoNoteAbetow)

3.8.3 |Maximum load - lb. 25 250

(See also Notes A and B below. )
3.8.4 Maximum height of load above

machine spindle - in. 5 10
3.8.5 Maximum diameter of rotor - in. 24 60
3.8.6  Drive adapter flange, as per Figure, " 1, Table A 1, Table B
3.8.7 Trest Rotors, as per Figure 2 3
3.8.8 A units (See A.1.7.) 50 50
3.8.9  Minimum balancing‘speed (rpm) 900 900
3.8.10 Minimum horsepower at minimum

balancing-Speed 3/4 7.5

(See also)Note C below. )
Note A - |(3.8,2°and 3. 8. 3 above). Load consists of combined weights| of workpiece
and any aglapters necessary to attach workpiece to machine-drive adapter flange, as

specified in 3. 8. 6.

Note B - (3. 8. 3 above). Overloading of balancing machines beyond limits specified
for the particular class of machine is not recommended unless such action is approved
by the particular balancing machine manufacturer.

Note C - Horsepower at higher speeds, N, if used shall be [gf)io X
(tabulated values of 3. 8. 10.)
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4. TEST REQUIREMENTS

4.1 Test Rotors
4.1.1 Each machine shall be tested with its appropriate SAE test rotor.

4.1.2 All SAE test rotors shall be composed of the following units complete to SAE draw-
ings and specifications:

a. Test rotor

b. ﬂzst weights as defined in 4. 1.5 and Figure 4
c

d

useable shipping container
Tlest instructions

4.1.3 All SAE test weights shall conform to the unbalance test nit system of A. 1.7 and
A 1.8,

4.1.4 Test weight classes, other than those specified-in this recommended practice, shall
be prgvided when special test points are required which are not specified herein.
These| test weights shall conform in designj. specifications, dimensgional tolerances,
and weight tolerances to the specified SAE test weights.

4.1.5 The fqllowing quantities and classes)of test weights should be provided for the test
rotors for each class of machinel

Quantity Class

10 A units
12.5 A units
20 A units
30 A units
40 A units
50 A units

= N = = NN

4,2 Performance Tests

4.2.1 The tests described in the following paragraphs represent a minimum test procedure.
The requirements of paragraph 3 have been written to define the characteristics of the
machine. This test procedure will not prove all requirements over the full range of
all variables. The procedure proposed will not measure nor define the exact reasons
for failure (such as lack of ruggedness, machine not being properly anchored to the
floor, etc.) of any particular machine.
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In applying these tests, the purchaser shall provide an examiner trained in the use of
balancing machines. The vendor shall instruct the examiner in the use of the ma-
chine. The examiner shall either operate the machine or satisfy himself that he
could obtain the same result as the vendor's operator. The vendor shall ensure that
his written operating instructions are followed by the examiner.

The vendor and purchaser shall be satisfied with the weighing and location of cor-
rection weights and that the test rotor and the test weights conform to the SAE speci-
fications (Figures 2, 3, and4). The examiner shall be permitted to witness or check
any of tiig WoTk.

An acculrate and precise weight scale shall be available for the test. | This scale shall
be accurate and precise to at least two decimal places beyondthe smpallest A unit
test weight. For example, if the A unit test weight weighs-0. 00842 opnce, the

scale should be accurate to 0. 00008 ounce. (See test o0f4. 3. 3.)

For all ¢alibrations, the following calibration weights shall be used: |for tests from
0 to5A,  10A; for tests from 5A to 20A, 30A; for.tests from 20A to 40A, 50A.

Tests annd Rechecks - In the following tests, a machine which would hormally con-
form to ja test could, by chance, fail to conform in a single test run. | Therefore, in
most tegts, when a machine fails to conform in a single test run, twd rechecks shall
be made|, in which case the machine shall conform in both recheck tegts in order to
qualify 4s acceptable under the gpecified test.

.1 Each|test specifies the.conditions for conformance (acceptability) pr nonconform-
ance (nonacceptability) to the specific test.

.2 Tt shqll be understood that in all cases of rechecks, the same conditions for both

rechgcks as fon the original test shall determine conformance or nonconformance.

Transparent-overlay, Figure 6, is designed for use with Keuffel and Esser Company's
#359-31lca<ardinate graph paper, Figure 5

Test Procedure for Readout Sensitivity (3. 2. 1), Accurate Amount Indication (3. 2. 2),
Stable End Point (3. 2.5), Residual Unbalance (3. 2.7), and Accurate Angle Indication

(.3)

Set up the machine with the appropriate test rotor (see 3. 8. 7) according to the
written procedure specified by the manufacturer, the vendor, orthe factory set-up
engineer. The machine shall be set up to indicate the location at which weight should
be removed to balance the test rotor.
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Adjust the amount calibration of the machine to give readout directly in units of A
(or 0.01, 0.1, 10, 100 etc. times A), as convenient. Use a 30A test weight for cali-
bration in plane 2. '

Using the normal balancing procedure, read the unbalance, as indicated. If the un-
balance is less than 5A units, shut down and apply arbitrary unknown weight to the

Apply a correction weight of the indicated amount at the indicated location. Record
the angular location and the amount reading on test log sheet. Record four more suc-
cessive settings of readings, always applying the indicated correction. Do not apply
further corrections after these five recorded corrections.

Test | After initial correction, if any of the last four recorded ampunt-readings are
greater than 1A unit, the machine does not conform, sincélit cannot consistently
balange to a value of A units. (See 3.2.5.) Note: Theunbalance|now remaining in
the test rotor is considered to be the residual unbaldnce. Further tests will indicate
its arhount (but not measure it) and if it is too large will cause rejection.

Rechgck - In case of nonconformance, the vendor is permitted to check, modify, and
adjust the machine, prior to a recheck. The test rotor should agalin be unbalanced
beyond 5A. Repeat the above test twicelin succession.

Attach a 2. 5A unit test weight at any one of the following locations| 15, 165, 195,

or 34p deg. The actual value of/the location is to be drawn with re¢ference to it from
those|listed for each test. (Call this location angle E.) This weight remains on the
rotor|at this location for thefollowing series of tests.

Attach another 2. 5A unit test weight at the locations indicated in cplumn G of the test
log sheet. Read and-record the amount and location of the resultapt unbalance as in-
dicated by the halancing machine for each of these locations. Repeat these tests
twice/more. . [Plot the results with the symbols shown on the polar|graph, Figure 5.
Rule jn hedvily the line from the origin in the direction of E.

Test 1L = Place the transparent overlay Figure 6 _over the graphland adjust it keeping]
the reference lines parallel to the direction of E until all the plotted points are en-
closed in their respective regions as indicated by the symbols. If any points fall out-
side their regions, check to insure that they have been correctly plotted. If no more
than one point falls outside its region, .the machine conforms. If two points fall out-
side, the machine does not conform because of lack of repeatability, amount indica-
tion errors, angular indication errors, or cut off at low unbalance.

Test 2 - if the origin of the overlay falls within radius 0. 5A units when adjusted as
for test 1, the machine conforms for residual unbalance. (See 3.2.7.)
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Recheck 1 and 2 - In case of nonconformance, the vendor is permitted to check,
modify and adjust the machine prior to a recheck. Repeat 4. 3.3, 4.3.4and 4. 3.5
twice in succession. If both tests 1 and 2 result in conformance both times, the
machine conforms to this requirement. (See 4.2.86.2.)

4.3.6 Measure the displacement of analogue readout device in inches. Divide the measured
displacement in inches by the indicated unbalance in A units.

Test - If the sensitivity is less than 0. 125 in. per A units, the machine does
not conform because of inadequate sensitivity.

Recheck [~ In case of nonconformance, the vendor is permitted to check, modify
and adjugt the machine prior to a recheck. Repeat tests of 4. 3.3 4and (4. 3. 6 for the
first two|readings for test log sheet, as specified in 4. 3.5. _(See'4. 2.6. 2.)

4.4 Test Procedure for Force and Couple Separation (3. 1)

4.4.1 With the test rotor set ub and balanced as for the previous tests, continue by removing
all 2. 5A {init test weights.

4.4.2 Fit a 40Al unit force test weight to both planes 1 and 3 of test rotor at Jocations shown
in test log sheet and read the indicated force unbalance and location. Plot the last
two forcel readings of 4. 3. 3 with a (o) on 2 polar graph, Figure 5. Plgt the readings
of 4.4.2 yith a + on the same graph.

Test - St overlay with its center midway between the two@ points. [if all the +
points fall' within the force-couple separation circle, the machine conforms. Force
unbalance indication is independent of couple unbalance.

Recheck 1 In case of nonconformance, the vendor is permitted to chedk, modify and
adjust the maching prior to recheck but preceding tests must be redon¢ also.

4.5 Test Procedure for Range of Unbalance

4.5.1 With a 40A unit test weight attached at a known angle in plane 2 of the test rotor,
read the unbalance. It is permissible to change the readout units from those used so
far for this test. For example, if 1 unit on the readout scale represented A units to
insure that 4. 3. 6 be passed, it is now permissible to employ a range-multiplying de-
vice so that 1 unit on the readout scale now represents 5A units or some other con-
venient value without affecting the calibration, as set out in 4. 3. 2.

Test - If the indicated unbalance is between 38A and 42A units, the machine conforms.
If the indicated unbalance is beyond this range, repeat the work of 4.5.1 to this point
once more. If this does not give an indication within 38A to 42A units, the machine
does not conform. No further recheck is permitted. '
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4.6 Test Procedure for Indication of Location for Removal or Addition of Material (3.3.1)

6.1 Set the machme as necessary, to readout the: locatlon at which welght should be
added to balance the test rotor..

. 6. 2‘ With the 40A unit test weight attached, as specified in 4.5. 1, read the location at
"~ which weight should be added to balance the test rotor.

Test If the 1nd1cated location is d1ametr1ca11y oppos1te the test weight within + 8
deg, the-machin nform fthe 5 ca y is range, repeat the
procefdure of 4, 6 to this pomt once more. If this does not give an indication within
the + B deg, the machine does not conform. No further recheck is permitted.

.7 Test Procedure for the Drive System Reliability and Unbalance Distiirbance

7.1 With the 40A unit test weight still attached, cyclethie’machine repeatedly from start
to full speed and then to a stop condition. Time-at full speed should be only sufficient
to regdout the amount and location of unbalance;” Time at the stop|condition should
be only sufficient to record the amount anddoéation of unbalance irf test log sheet.
Thesq cycles should continue for a period of one hour during which time at least 30

- cycleg must be completed. This test-must be performed without the use of auxiliary
cooling devices which are not a part of the basic machine.

‘ Test 1 - Reliability - If the machine fails to function mechanically during any part
of the|test, it does not conform and no further checks are permitted.

7. 2 Within 5 minutes of completion of 4.7.1, the test rotor must be removed from the
machine and test 4. 7. 3 completed. :

- 7.3 With the maching running at full speed and without changing the prd viously established
machipe calibration, record the amount of unbalance indication.

- Test 4 ““Drive System Unbalance Disturbance - If the value of this|unbalance reading
exceeds 0. 5A units, the machine does not conform No further rechecks are per-
mitted.

. 7.4 The vendor should demonstrate satisfactorily to the customer that the system pro-
vided for subsequent correction of force unbalance in the workplece dr1ve system is
adequate. '

.8 Test Procedure for Linearity (8. 2. 6)

Reinstall the test rotor and remove all test weights to return rotor to balanced condi-
tion as obtained in 4. 3.3. It is permissible to change the readout units from those used
so far as described in 4. 5. 1.
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To obtain a random order of application of unbalances and their positions on the test

rotor, proceed as follows.

Place this

in a hat or suitable box. For the first run applied unbalance,

Mark four slips of paper with 2. 5A, 10A, 20A, and 40A.

mix the slips

and draw a slip. Place a test weight of the amount shown on this slip in plane 2 of the

test rotor.

Continue drawing remaining slips until all four runs have be

Repeat this procedure three times.

To obtain the angular position for the applied unbalance runs in the previous paragraph

en made.

H

mark four sl1ps of paper with 0, 90, 180, and 270 deg and mix them in a hat or con-

tainer. D
of the unba

Record the
Test - If

more than
rotor and 3}
on the rety

4,9 Drive Syst

not more than one plotted point is outside the limit lines of th
machine cgnforms to these specifications for force indicated unbalance

lance to be apphed

12 runs on the test log sheet and plot each point on graph fo1

|
one plotted point is outside the limits, recalibrate the machin
repeat the entire test. If more than one point is outside the g
rn, the machine does not conform to.this specification. '

bm, General

4.9.1 Check dir
drive ada;

' 4.9.2 Measure

4.10 Other Din

ection of rotation to insufe that it is counterclockwise when ¥
pter flange toward the wotkpiece.

the operating speediof-the test rotor to insure that it is 900 1]

nensional Inspéction

~4.10.1 Ordinar]

with 3. §.

signer,
by the p

y dimensional inspection should be done to insure that the ma
5 and:3.8. 6. Other requirements of 3.8 are a guide to the 1
are.met if the detailed performance tests are passed, or are
erformance tests. To keep the test procedures short enough

e for the location

this test.

e graph, the

inearity. If
e and test

raph limits

iewed from the

DM O more.

chine complies
machine de-

demonstrated

to be practical,

some requirements are accepted on faith or as corollaries of the successful com-
pletion of the test procedures specified.

4,10.2
to allow

no radial play in the attachment of the latter to the spindle.

The test rotor and the drive spindle of the balancing machine should be made so as
The drive

spindle by itself shall not have a radial runout in excess of . 0005 in. (T.L R. ).
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4.10.2.1 The procedure to be followed in checking this alignment is:

The spindle concentricity test shall be made without the use of the test rotor.

Fasten a low-friction , type> 1 (0. 0001 in.) dial indicator to the balancing-machine
frame. Lock the flexing head. Adjust the dial indicator so that the indicator tip

contacts the outside diameter of the piloting portion of the spindle.

Test - Rotate the spindle slowly by hand and read the indicator for five (5)

fullturns. The full indicator runout should not exceed U. 0005_i1.

PREPARED BY THE BALANCING MACHINE STANDARDS SUBCOMMITTEE OF
SAE COMMITTEE EG-1, AEROSPACE PROPULSION SYSTEMS SUPPORT EQUIPMENT
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APPENDIX 1 - GLOSSARY OF TERMS AND NOMENCLATURE

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 meanings in this context. The more general use of the
same word will not be capitalized. An attempt has been made throughout 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 ARP 587. (See Appendix 3.)

A.1.1 Symbol

102

V - weight of one Unbalance Test Unit. (0z.) See A. 1. 8.
W - welight of the test rotor. (1b.)

r - radius to the center of gravity (c.g.) of V or w from journal axig. (in.)
d - separation of the Couple Unbalance planes. (in.)
w - weight of unbalance in ounces at the correction radius of a rotor| or part.
U - Unhalance. (oz. -ins.)
A Unitq - Required sensitivity of the machine in microinches. See A.1.7.

A.1.1.1 Subscripts

F - fdr Force Unbalance
C - for Couple Unbalance

A.1.1.2 Mierdinch

One njicroinch =16 " in.

A.1.2 Force Unbalance - A term used to refer to a lack of coincidence of [the rotor's
center of gravity and the rotor's journal axis. It is the product of the mass of the
rotor times the distance between the c. g. of the rotor and the rotor'js journal axis.
This is sometimes called static unbalance. See also A.1.4.

A.1.3 Couple Unbalance - is the resultant moment of all unbalance forces about the
center of gravity. The Couple Unbalance tends to cause an angular displacement
of the principal axis of inertia with respect to the journal axis. See also A.1.4.

A.1.4 Force Plus Couple Unbalance - The correction of Force plus Couple Unbalance
(Dynamic Unbalance) will achieve complete unbalance correction. Analytical con-
version by vector analysis can be made from Dynamic Unbalance to Force plus
Couple Unbalance and vice versa.
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Couple Unbalance is the product of unbalance correction weight times

(X) correction radius times (X) plane separation.

Couple Unbalance remains unchanged by the addition of any unbalance in the trans-
verse plane through the center of gravity. Force Unbalance remains unchanged by
the addition of any pure couple as defined in A. 1. 3.

Force Unbalance is the product of unbalance correction weight times
(X) correction radius.

A. 1.5 Loc4

Unit
A.1.6 Reag
part
scal

resullt itself.

A.1.7 One|
bala
3.8.
the 1
then
2000

A.1.8 Unbg

ition - is used to mean the angular location of the correction
weights in any transverse plane.

lout - as a verb means'to provide an answer or,résult by wh
cular machine might use, such as a meter indi¢ation, positi
e reading, punched card or counter number.</ A's a noun Read

nce Test Units as defined in A. 1. 8% The numerical value of
8. When a number is used with\A’as in 40A units, an unbalal
equired sensitivity is implied) If the value of A, as specifig
40A units is the unbalancé/which causes a radial displaceme
microinches from the-journal axis.

lance Test Units,sVi-

roto:

produce if the rotor rotated in gravitationless free space without

Note

rs and balancing methods are defined by the amount of displa

that the Unbalance Test Unit, V, is an amount of weight, as

following equations, which always produces a displacement of one
If for some particular rotor V = 0. 0003368 d
inimum welght which must be detected is 50V = 0. 01684 our

appl
the

large 3
plane separatlon check is produced by a welght of 2000V = 0. 6736 ounce.

ed at radius r.

The Unbalance Test Units for the vay

or Unbalance Test

atever means the
on of a control,
out means the

A Unit - the specified required sensifivity of the balancing machine in Un-

A is given in

hce of 40 times (X)
d in 3.8.8, is 50,
nt of the c. g. of

ious types of
cement they would
any restraint.
defined by the
microinch when
unce and A = 50,
ce. A much

weight for 40A units is given by 40 (A) (V).

A.1.8.1 Force Unbalance - One Unbalance Test Unit (V) for Force

Unbalance should be that amount of weight which will pro-
duce a calculated one microinch radial displacement of the
center of gravity of an SAE test rotor when applied in any
axial plane and at the specified radius on the SAE test rotor.
Center of gravity displacement =

(VR (@) _ 146
16 W

inches for one Unbalance Test Unit in ounces.
Ve =16W . 107%

r

dlibration or a
Or, the
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A.1.9 Analogue - means a readout which is measured on a continuous scale and whose
readability depends on the length of the scale.

A.1.10 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 set-up
of the machine to which a physical unit is assigned.

A.1.11 One pound = 453. 6 grams (454 grams round numbers) = 16 ounces.

A.1.12 One ou:l:ce = 28.35 grams.

A.1.13 Plane 1, Plane 2, and Plane 3 are balancing plane designations for test rotors only.
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APPENDIX 2 - DETAILS FOR CONTRACTUAL NEGOTIATION

The following details are considered to be important.
any particular requirement.

are beyond the scope of this document.

A2l

A.2.2

A.2.3

A2.4

A.25

A.2.6

A2.7

A28

A2.9

A.2.10

The values given may be adjusted for
Test procedures to insure compliance with these requirements

The balancing machine should operate in a satisfactory manner over an ambient

Allq' ical t should compl

- temperature range of XX-XXX F, and under 100% relative humidity.

with applicable electrical speci-

The glectrical systems should operate satisfactorily under dine v iage variations of
+ XX%, line frequency variations of + XX% and waveform harmonic distortion of up

All electrical systems should be arranged for operation from a supply of XXX volts,

X phdse, XX cycles/second.

Any need for radio interference suppression should be specified.

Bala

cing machine performance may\be sensitive to environmental vibratory condi-

tions| No general requirement canh’be specified due to the wide rdnge of environ-
mentdl frequencies and amplitudes and due to the varied response|of different balanc-

ing systems to these excitations.

The responsibility for-special mounts which may be necessary to adapt any particular

machine to a particular environment should be defined.

Alltests shouldberun atthevendor's before shipment to or atthe purchaser's after
installation. “Facilities for making all teststo be provided by the venfor or the pur-
chaser. Tést rotorstobeprovidedbythe vendor orthepurchaser asjper agreement.

Installation and service.

Operating and maintenance personnel training.

Operating Manual, Maintenance Manual, Circuit Diagrams, Spare Parts Ordering

Information.
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APPENDIX 3 - BIBLIOGRAPHY

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

A.3.1 Report No. 371-V-24; Department of the Navy, Bureau of Ships, Code 371.

A. 3.2 MIL-STD-167; Mechanical Vibrations of Shipboard Equipment, Department of
the Navy, Bureau of Ships.

A. 3.3 MIL-B-35511 (USAF); Military Specification, Balancing Machine Dynamic-Static,
Two Plane.

A.3.4 A.S.T.H. Handbook.

A. 3.5 "Performance Tests for Balancing Machines', Werner I. Senger, Machinery's
Referende Section, March - April, 1958.

A. 3.6 ARP No.|587, Balancing Machines for Jet Engine Components—Compfressors and
Turbineg —Rotating Type For Measuring Unbalance in One or More Than One
Transverse Planes. :

A.3.7 82.7 - 1964 American Standard Terminology for Balancing Rotating Machinery.

A. 3.8 MIL-B-25510 (USAF); Military Specification, Balancing Machines - Sfatic-Single
Plane.
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TEST-LOG—SHEET-FOR115-3+3
PLANE 2
Angular location Amount,

Degrees

A Units
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TEST 1LOG SHEET FOR 4.3.5 AND 4.3.6

E= Plane 2

ymbol |Angle H Location G Indicated Unbalance
Degrees Degrees. ' -

1st Run 2nd Run ird Run
0 =0 +E [Location| Amount || Locatlon

(or—H—~—E—=—360)| Degrees 1A Untts | Degress |
15 #

120

150
165

195
210
2Lo
270

300
330 |

INEEN SR B R

# See l4,3.6 for sensitivity test when this reading is indicated.

#% For this set of readings remove both 2,5 A Units Test Weights of L.3.L and
L.3.5. Be sure to install the same weight at the same angle as h.3 4 for the
next set of readings.
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TEST LOG SHEET FOR L.L.2

SYMBOL _|..

Indicated Unbalance

Location of .
4O A Weight Location Amount,
Degrees Degrees A Units
Couple Couple
Plane 1 Plane 3 Force Plans 2
60 240
150 330
21,0 , 60
160

L A4
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TEST LOG SHEET FOR L.7.1 and *4.7.3
r Amount Tocation Amount | Location
Run # A Units Degrees Run #.| A Units | Degrees _
1 26
2 . 27 _
3 28
L 29
5 30 .
6 N
7 ‘32
8 33
9 3k , )
10 T -
1 I R 36
12 37
13 51
1 39
15 _ LU
16 1ys
17 ' ue
18 03
19 ' 1N
20 ' L5 T
21 46
22 L7
23 ' ‘ Lg
7 —Hm ~
75 ' ES -
*
# Record Drive System Unbalance Disturbance after removing test rotor per L.7.2.
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" TEST LOG SHEET FOR L.8

Run #

Amount
A Units

Angle
Degrees

N oo N O W

10

11

RV ORI POy SIS

12
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