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ABSTRACT

MIL-STD-167-1A is a test method standard for mechanical vibrations of shipboard equipment. This

standard classifies vibration into two types which are Type I environmental vibration and Type II in-

ternally excited vibration. This study is focused

only on the Type II internally excited vibration.

Type II further classifies its vibratory criteria into two types, that is, which are Rigid rotor vibration

and Flexible rotor vibration. Rigid rotor's criterion limits the maximum vibratory level by means of

the maximum allowable residual unbalance. In contrast, flexible rotor's criterion limits by means of

maximum allowable vibratory displacement. According to MIL-STD-167-1A, machinery with rotors

which are unable to meet the rigid rotor’s criterion shall be balanced in accordance with the flexible

rotor’s criterion instead, and its vibratory displacement shall meet the flexible rotor’s criterion.

However, this standard does not clarify how equivalent are these criteria. Therefore,

several tests

have been performed under Flexible rotor's criterion without knowledge of relationship between flexi-

ble and rigid rotor criterion. This study attempted to determine the relationship between these two

criteria using experimental method, and to determine a method to improve flexible rotor’s criterion.
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Table 1 Test configuration and contents

Test Contents

* Test for initial condition setting
% After field balancing job finished
» Test at G1.0 condition

# G1.0 when N = 1000 r/min

% G2.5 when N < 1000 r/min

Test 0

Test % Using maximum allowable residual unbalance
value calculated by means of MIL-STD-167-1A's
rigid rotor criteria

Test2 | » Test at G2.5 condition for all r/min

Test3 | » Test at G6.3 condition for all r/min

Test4 | » Test at G15.6 condition for all r/min
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Table 2 Guidance for balance quality grades for rotors in
a rigid state (Quoted from ISO 1940-1:2003)

Machinery types
: general examples

Balance
auality grade

Magnitude
of G
[mm/s]

+ Agricultural machinery

* Crushing machines

Drive shafts (propeller shaft)
(etc)

G15.6

Machinery (general)
Fans, gears, pumps
Motors and generators
of speed up to 950 r/min
* (etc)

G6.3

6.3

Compressors

Gas (or steam) turbines
Steam turbines

Motors and generators

of speed above 950 r/min
(etc)

G2.5

2.5

Audio and video drives
Grinding machine drives
(etc)

G1.0

Gyroscopes

Spindles and drives

of high precision systems
* (etc)

G0.4

0.4
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Table 4 Verification for proposal 1 (using actual test data)

L Proposed Data Failed Failed
59es limit (ea) (ea) ratio
(r/min)
900 22.2 ym 34 0 0.0 %
1200 22.2 ym 75 0 0.0 %
1800 14.8 ym 105 3 2.9%
3600 7.4 pm 59 5 8.5%
Total 273 8 2.9%

Table 5 Verification for proposal 2 (using actual test data)

slgget:'d Pro.po‘sed Data Failed Fail.ed
(ki) limit (ca) (ea) ratio
900 14.2 ym 34 0 0.0 %

1200 14.2 ym 75 1 1.3%

1800 9.4 um 105 6 57 %

3600 4.7 ym 59 13 22.0 %
Total 273 20 7.3 %

Table 6 Verification for proposal 3 (using actual test data)

:;g;’d Pro_pohsed Data Failed Fail_ed
) limit (ea) (ea) ratio
900 10.4 pm 34 0 0.0 %
1200 10.4 ym 75 2 2.7%
1800 6.9 um 105 10 9.5%
3600 3.5 um 59 17 28.8%
Total 273 29 10.6 %
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Fig. 10 Final improvement proposal for flexible ro-
tor's vibration criteria (logarithm scale)
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