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3. OBJECTIVE

To verify compliance with established criteria that ensures durability in a specific application. This document describes a
system to induce stresses in a heat exchanger resulting from vibration loading. The process is accomplished by vibrating
the unit at specified frequencies and amplitudes, or at specified frequencies and acceleration.

4. FACILITY REQUIREMENT

The facility should provide the following as required:

4.1 Equipment

Vibration equipment with controls on frequency, amplitude, and acceleration (for 50 Hz and below, electrohydraulic is
suggested; higher flequencies may require elecfrodynamic). Tt should be verified that the fest equipment will meet the

parameters of the agreed upon test plan. Examples of test equipment include multi-axis shaker{sequential axis random
shaker, etc.

4.2 Test Fixture

421 Best practide is using customer-provided vehicle/machine structural members to create ja test fixture which
represents gctual installation.

4.2.2 If actual instgllation is not available, a fixture should support the heatiexchanger with orientatign as in service or as
specified. The fixture must be rigid so as not to induce any additienal dynamic inputs.

4.3 Means of chegking heat exchanger integrity.
4.4 Equipment to monitor motion of unit during test.
4.5 Source for prefssurizing and heating test unit as required.

4.6 Additional equjpment may include but not be limited to the following:
a. Accelerometers
b. Automatic data Ipgging equipment
c. Automatic emergency shutdown

d. Cycle counters

e. Digital signal anglyzer

f.  Function generafor. (sine wave, random noise, square wave, ramp function, etc.)

g. Load transducers

h. Pressure gauges

i. Pressure regulators

j.  Data recording equipment

k. Safety features as specified by regulatory codes and common practices
I.  Strain measurement equipment

m. Temperature monitoring and control equipment
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5. TESTING

5.1 Initial Leak Testing

Test heat exchanger(s) for fluid integrity prior to starting vibration test.

5.2 Installation

Install test unit on vibration test fixture as in 4.2, fill with specified test fluid(s), and include all mounting hardware: isolators,
tie rods, mounting brackets, etc. All heat exchanger mounted masses will affect the response characteristics of the test unit
and should be attached. Examples of mounted masses for a radiator are: charge air cooler, condenser, oil cooler, air dryer,
shrouds, shutters, hoses, etc. All fan systems must have a defined control strategy in the customer specification, and, if

deemed applicable, components included in the setup.
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Frequency Response Test

Perform a first order frequency sweep from a minimum value to a maximum of 125 Hz with an input of 0.25 G and 1.0 G.
Plot four channels with acceleration (G) versus frequency (Hz). Also plot four channels with acceleration (G) versus time
(ms). As with 5.4.1, when an isolator is deemed to be replaced, the test should be repeated and the energy shift compared
to customer criteria established for isolator replacement.

5.5 Test Mode

The control system can be set up to obtain the specified vibration cycle (input frequency profile) under one or more of the
following modes:
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5.5.1

Road or Duty Cycle (Simulation or Replication)

It may be desirable to filter road cycle data to remove non-damaging portions of the drive event (smooth road for example)
to reduce overall test time. From a test time perspective, it is ideal to utilize test equipment capable of providing vibration
input in the X, Y, and Z axes simultaneously (tri-axial). If that is not possible, then each axis should be run independently
(sequential axis) for the prescribed test time.

Failure mode simulation.

at specified acceleration or amplitude.

Resonant frequency at specified energy input.

55.2
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6.1 During and affer test, document leakage rate(s), location(s), and structural failures for compg
criteria. Methofds described in SAE 41726 should be used for air-to-air charge coolers to determin
is acceptable.

6.2 Document the[following:

a. Condition of unif prior to test (new or previous history)

b. Unit orientation (see5.2)

c. Test mode (see 575)

d. Pressure and temperature (see 5.6)

e. Duration of test (see 5.7)

f. Location of leaks and structural damage (see 5.8)

6.3 Testing should be adequately documented to allow test reproduction. Documentation to include a test log of the
complete test, recording any changes in the heat exchanger and fixture. Test log to include cycles or hours, time of

day for all test

starts and stops with reasons for stops.
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