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ABSTRACT

As a performance specification for general resilient mounts of naval
MIL-PR-32407 was released in 2012 as an alternative to MIL-M-17185A. Therefore,

shipboard equipment,

it is necessary

to investigate the application of MIL-PR-32407A. In this study, two new core test items introduced

in MIL-PRF-32407A, namely a ship motion endurance test and vibration endurance test, are reviewed

with respect to the test method. The ship motion endurance test is not described in detail in the

specification; thus, the test plan is presented through investigation of various related documents. In

contrast, the vibration endurance test method is described in detail. However, there are parts that

may cause problems when applied to actual testing. Therefore, as an alternative, we propose a new

test plan.
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Fig. 1 Resilient mounts for naval ship
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Table 1 Ship motion endurance in MIL-PRF-32407A

Section

Description

3.4.7.2

Ship motion endurance. Mounts shall meet visual inspection requirements of 3.4.1.4.1 and requirements
associated with subsequent tests contained in test suite one (see 4.2.2.1), after being tested in accordance with
44272 at the loads, period, and number of cycles specified in each test case [see 6.2.f(3)(e)]. Unless
otherwise specified [see 6.2.f(3)(f)], the loading method shall be in accordance with 4.4.2.7.2.1. For mount
Types II, III, and IV, when the mount is subjected to loads associated with any cycles in any test case, the
resulting deflections shall not exceed the mount’s maximum design excursion. If a maximum mount deflection
is specified [see 6.2.f(3)(g)] in a particular direction, it shall not be exceeded as a result of loading the mount
in accordance with 4.4.2.7.2.1. If the maximum deflection permitted by a shipboard captive feature is specified
[see 6.2.f(3)(g)] in a particular direction, it is not required to exceed the deflection in that direction when tested
in accordance with 4.4.2.7.2.1.

44272

Ship motion endurance test. Mounts shall be loaded statically and subjected to the cyclical loads indicated for
each test case specified [see 6.2f(3)(e)]. Load testing shall be in accordance with 4.4.2.7.2.1 or as specified [see
6.2.f(3)(f)] for each test case. The cyclical loads specified in the procedure shall be superimposed over the
static load. A servo-hydraulic machine operating in load control or equivalent apparatus capable of providing the
required loading shall be used to conduct this test. Top and bottom surfaces of the mount shall remain parallel
and not rotate during testing. Load and deflection shall be monitored to determine compliance with 3.4.7.2 and
to document changes in load-deflection characteristics during the test. Mounts shall be inspected during and
after testing to determine conformance with 3.4.1.4.1.

442721

Loading method (three-axis). This method applies to a test apparatus capable of applying forces along all three
orthogonal mount axes simultaneously. The mount shall be statically loaded in the normal direction and
subjected to three superimposed cyclical force components (+FN, +FT1, £FT2) applied simultaneously in-phase
for the period and cycles specified [see 6.2.f(3)(e)]. One cycle is defined as the loading from the initial position
at the static mount load, to the superimposed load (+FN, +FT1, +FT2), then to superimposed load (-FN, -FTI,
-FT2), finishing back at the static load.

6.5

Guidance for specifying dynamic loads for the ship endurance test [see 6.2.f.(3)(e)]. If possible, the dynamic
load, period, and number of cycles at each test-case should reflect what the mount may experience while
in-service during the entire life of the mount (fatigue test). Otherwise, the dynamic load, period, and number of
cycles at each test case should be based on the harshest conditions the mount may experience while in-service.
The endurance test should demonstrate the ability of the mount to operate in the worst-case sea state or
maneuvering for which the ship is designed. Refer to the applicable ship specification concerning ship motion
in seaway requirements and MIL-STD-1399, Interface Standard for Shipboard Systems. The dynamic load for
each test case should consist of components in each orthogonal mount direction (normal and both transverse
directions). When specifying loads, consideration should be given to the load-deflection manufacturing tolerance
of the mount. When specifying the number of cycles at the worst-case sea state, the following should be
considered: mission-specific seakeeping requirements, time required to pass through this condition, and if return
to port for inspection is mandatory. Consideration should be given to the design limits for ship motion. Unless
otherwise specified by NAVSEA (see 6.7), it should be assumed that a ship spends 40 percent of the time at
sea in the following conditions: 14.5 percent in storm condition (ss6 - ss8), 20 percent in moderate seas (ss5),
65.5 percent in calm seas (ss3 and ss4). Refer to 3.4.7 and 6.2.f(3)(a).
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Table 2 Vibration endurance in MIL-PRF-32407A

Section Description
Vibration endurance. Mounts shall meet visual inspection requirements of 3.4.1.4.1 and requirements associated
with subsequent tests contained in test suite five (see 4.2.2.5), after being tested in accordance with 4.4.2.7.1.
Unless otherwise specified [see 6.2.f(3)(b)], the test method for mount Types II, III, and IV shall be resonant
in accordance with 4.4.2.7.1.1, and the test method for mount Type I shall be non-resonant in accordance with
3.4.7.1 4.4.2.7.1.2. The following additional requirement is relevant to the resonance test method.
a. Resonance test. Mounts shall have sufficient damping at each translational resonance to provide an
amplification not greater than specified [see 6.2.f(3)(c)] when tested in accordance with 4.4.2.7.1.1. Unless
otherwise specified in the test plan [see 6.2.f(3)(d)], mounts shall be tested with their intended equipment.
44271 Vibration endurance test. Unless otherwise specified [see 6.2.f(3)(b)], mount Types II, III, and IV shall be
e tested in accordance with 4.4.2.7.1.1, and mount Type I shall be tested in accordance with 4.4.2.7.1.2.
Vibration endurance, resonance test. Mounts shall undergo environmental vibration testing in accordance with
MIL-STD-167-1 while supporting their intended equipment or loaded with dummy masses to simulate the
shipboard configuration [see 6.2.f(3)(d)]. Testing the mounts while supporting their intended equipment is the
preferred method. Mounts shall not be removed during any part of the MIL-STD-167-1 test. Acceleration in
the direction of excitation shall be measured and recorded across the mounts at 15-minute intervals
442.7.1.1 (minimum). Amplification or maximum transmissibility shall be calculated at each resonance to determine
""" compliance with 3.4.7.1.a.
Amplification = A(equipment)/A(base)
where:
A(equipment) is the acceleration magnitude measured on the equipment side of the mount
A(base) is the acceleration magnitude measured on the shaker table side of the mount
Vibration endurance, non-resonant test. Two mounts shall be tested in three orthogonal directions in
4.4.2.7.1.2 |accordance with 4.4.2.7.1.2.1 and 4.4.2.7.1.2.2. A servo-hydraulic machine operating in displacement control or
equivalent apparatus capable of providing the required loading shall be used to conduct this test.
Normal direction. The mounts can be tested individually or as a pair. Each mount shall be compressed to its
maximum intended load [see 6.2.f(1)(a)] and subjected to one-half million cycles of sinusoidal vibration in the
normal direction at the dynamic deflection and frequency below.
Deflection (inches, pk-to-pk) equal to (0.01/n) but not less than 0.10
4.4.2.7.1.2.1| and:
Frequency (Hz) equal to or greater than 3.1(K/W)"*
where:
n is the loss factor, measured from test LF-3 at the maximum intended load
K (pounds per inch) is the dynamic stiffness, measured from test LF-3 at the maximum intended load
W (pounds) is the maximum intended load
Transverse direction. Mounts shall be tested as a pair while installed symmetrically back-to-back on a fixture
similar to that shown on figure 2. Each orthogonal transverse direction shall be tested independently. Mounts
shall be compressed in the normal direction to their maximum intended load while being subjected to one-half
million sinusoidal vibration cycles in each transverse direction at the dynamic deflection and frequency below.
4427120 ];leﬁection (inches, pk-to-pk) equal to (0.01/n) but not less than 0.10
Frequency (Hz) equal to or greater than 3.1(K/W)"*
where:

n is the loss factor, measured from test LF-4 at the maximum intended load
K (pounds per inch) is the dynamic stiffness, measured from test LF-4 at the maximum intended load
W_(pounds) is the maximum intended load
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Fig. 4 Vibration endurance test
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