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l. SCOPE: This Aerospace Recommended Practice describes two performance
acceptance test methods to determine the performance acceptability of new
production and overhauled air turbine starters. Before a new or overhauled
starter is delivered to a customer, the starter is subjected to a performance
acceptance test in accordance with an acceptance test procedure. The
performance acceptance test is intended to ensure that the customer receives
a starter that meets or exceeds minimum starter performance requirements.

2. DISCUSSION: The first acceptance test method, called the acceleration time
method, consists of measuring the elapsed time required by the starter to
accelerate a flywheel to cutout speed with specified starter inlet
conditions. The measured acceleration time is compared with the time
required for a starter which meets the minimum performance requirements to
accelerate the same flywheel to the same cutout speed with the same inlet
conditions.

The second method, called the rating point method, consists of measuring the
starter output torque at various rating point speeds with specified starter
inlet conditions while the starter is driving a flywheel or dynamometer. The
measured torque is compared with the torque that a starter which meets the
minimum performance would produce at the same rating point speeds and inlet
conditions.

In addition to measuring acceleration time or rating point torque, both
acceptance test methods require that the airflow be measured and compared
with the maximum allowable airflow.

The acceleration time method does not require a torque measurement device for
acceptance testing. The performance of the unit is verified indirectly by
measuring acceleration time. The rating point test method records the test
unit torque and hence verifies the test unit output performance directly at
several speeds.

SAE Technical Board rules provide that: “All technical reports, including standards approved and practices recom-
mended, are advisory only. Their use by anyone engaged in industry or trade or their use by governmental agencies
is entirely voluntary. There is no agreement to adhere to any SAE standard or recommended practice, and no com-
mitment to conform to or be guided by any technical report. In formulating and approving technical reports, the
Board and its Committees will not investigate or consider patents which may apply to the subject matter. Prospec-
tive users of the report are responsible for protecting themselves against liability for infringement of patents.”
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2. (Continued):

In addition to providing engine starts, some starters are required to provide
hydraulic and electrical power for ground checkout by motoring the aircraft
accessories at a constant speed. The rating point method may be used to
verify the starter ground checkout performance. This is done by measuring
the test unit torque at the starter ground checkout speed with specified
ground checkout starter inlet conditions and a suitable loading device.

3. ACCEPTANCE TEST CRITERIA: The acceptance test performance criteria for the
acceleration time and the rating point test methods are based on the starter
minimum performance or torque/speed characteristic at some specified starter
inlet conditions of constant pressure and temperature as shown in Figure 1.
The specified inlet conditions are usually the starter design point or rated
conditions. Instrumentation accuracy and tolerances on the specified inlet
conditions should be considered in establishing the acceptance test limits.
The maximum allowable airflow is calculated using the maximum air turbine
starter nozzle area based on production tolerances and the specified inlet
conditions as shown in Figure 1. The limitation on airflow is an acceptance
test criterion because the minimum starter performance will sometimes occur
with the maximum nozzle area in cases where the energy source is airflow
limited. In cases where the energy source is not airflow limited, the
acceptance test limitation on airflow ensures that the maximum torque limits
will not be exceeded.

3.1 Acceleration Time Acceptance Criteria: The acceptance test criteria are the
acceleration times calculated to accelerate a test stand flywheel to starter
cutout speed utilizing the starter minimum torque/speed characteristics and
the actual flywheel drag. The flywheel inertia should be selected to
provide elapsed flywheel acceleration times approximately the same as the
start times estimated for the engine. The selection of the flywheel is
coordinated between the starter manufacturer and the customer.

The flywheel drag shown in Figure 2 is determined by testing. This is
typically accomplished by allowing the unloaded flywheel to decelerate
without braking from a speed higher than the maximum starter cutout speed,
measuring the speed decay as a function of time, and calculating the drag
torque by multiplying the rate of deceleration by the flywheel inertia. An
accurate determination of the flywheel drag must be obtained by testing of
the selected flywheel before acceleration times are calculated. The drag of
a flywheel can vary after a period of time due to wear of the flywheel
bearings. To prevent unnecessary starter rejection as the result of
increased flywheel drag, the flywheel drag must be checked periodically.

Elapsed acceleration times to various speeds between minimum and maximum
cutout are calculated using the starter minimum performance torque curve and
the flywheel drag as determined by testing. The calculated acceleration
times shown in Figure 3, together with the maximum allowable stall airflow,
thus become the starter acceptance test criteria.
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3.2 Rating Point Acceptance Criteria: The rating point torque is determined
from the minimum starter/torque characteristic for the specified rating
point speeds as shown in Figure 4. Sufficient rating points must be
selected to verify that the starter meets the minimum engine start torque/
speed characteristics. A single rating point at the ground checkout speed
is usually sufficient to verify that the starter meets the minimum ground
checkout torque. The torque and speed values or rating points, together
with the maximum allowable airflow, thus constitute the starter acceptance
test criteria.

4. TESTING:

4.1 Acceleration Time Method: The starter acceptance test is accomplished on a
flywheel test stand. The specified starter inlet conditions at stall are
established at the starter inlet while the flywheel brake is set to prevent
flywheel rotation. Before the flywheel is released, the inlet temperature
and pressure are allowed to stabilize. Any deviation in the starter inlet
conditions beyond a reasonable tolerance band during acceleration to cutout
speed will affect the starter torque/speed characteristics and thus
invalidate the test. After the inlet conditions have stablized, the stall
airflow is measured, the brake is released, and the starter is allowed to
accelerate to starter cutout speed. The start cycle is terminated either
automatically by the starter cutout switch or manually, if the starter does
not incorporate a switch.

The recorded acceleration time to cutout speed is compared with the maximum
allowable time which is the calculated acceleration time for a starter that
meets the minimum starter performance. The starter is rejected if the
recorded time exceeds the maximum allowable time or if the recorded starter
airflow at stall conditions exceeds the maximum allowable airflow.

4.2 Rating Point Method: The starter acceptance test is accomplished on a
dynamometer or flywheel test stand. If a dynamometer is used, the specified
starter inlet conditions are established and stabilized as the starter is
motored at each rating point speed. The steady-state torque and airflow at
each rating point speed are recorded.

If a flywheel test stand is utilized, the test is accomplished in the same
manner as previously described in paragraph 4.1l. The starter output torque
is continuously recorded as the starter accelerates to cutout speed. Since
the recorded torque is transient in nature, it must be converted to
steady-state conditions by multiplying the recorded torque by the ratio

+
<]f I%), where If is flywheel inertia and Ig is starter inertia.
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