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HYDRAULIC ENERGY LIMITED
ENGINE STARTING SYSTEMS
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1. PURPOSE AND SCOPE BEIN G R_VISED

This report presents informatioﬂs£§>EnergleﬁmE%ed hydraulic
starting systems for gas turbine engines. An energy limited
hydraulic start system consists of a gas charged hydraulic accumu-
lator to provide a fixed amount of stored energy and a positive
displacement mechanical conversion device to do work. The informa-
tion presented herein is intended to familiarize the aerospace
industry with the design, and system performance characteristics of
energy-limited hydraulic starting systems.
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2. INTRODUCTION

Self-sufficient starting of a gas turbine engine at cold ambient
temperatures is a very difficult design requirement. The batteries
of electric start systems soaked at low ambient temperatures do not
supply sufficient current for engine starting. This has resulted in
the application of energy-limited hydraulic starting systems where
self sufficient starting at extreme cold ambient temperatures is
mandatory.
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An energy-limited hydraulic start system was first employed on
the Boeing Vertol CH47 Chinook helicopter. Today, energy-limited
hydraulic start systems are employed with numerous applications,
including the Boeing Vertol CH46, Sikorsky CH53, Lockheed C-141 and
C5A, Rockwell International B-1l, the McDonnell Douglas F-15, and the
General Dynamics F-16. Table I summarizes some of the system design
parameters of these systems.
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i Energy-limited hydraulic start systems are practical for starting
£ small gas turbine engines such as auxiliary power units, jet fuel

222 starters, and small propulsion and industrial engines. Weight and

PR envelope restrictions and/or the requirement for hand charging the

z i accumulator limit accumulator size from 100 to 1000 in.3. Therefore,

sS85 the application of energy-limited hydraulic start systems is

3 restricted to small gas turbine engines, except where a large

Eeé accumulator already exists in the aircraft hydraulic system.
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Fundamental to the design of the minimum weight, energy-limited
hydraulic start system is the sizing of the hydraulic accumulator.
For aerospace applications the preferred accumulator is one that
provides the greatest amount of energy per unit volume or weight,
while providing sufficient energy for engine starting at all design
point ambient conditions. In order to design the minimum weight
hydraulic start system, a complete understanding of component
performance, thermodynamic processes, fluid resistance and viscous
effects in the supply line and their interrelation in the system must
be understood.

3. SYSTEM DESCRIPTION

A typical energy-limited hydraulic start system consists of
the following components:
Accumulator
Start Valve
Starter or Starter/Pump
Hand Pump
Check Valve
Thermal Relief Valve

J Figure 1 presents a simple schematic showing the basic components
of a hydraulic start system for starting a small gas turbine engine.
Some start systems employ a starter/pump instead of a starter. The
starter/pump is driven as a pump after the gas turbine is started to
provide utility or emergency hydraulic power and/or hydraulic energy
to another engine starter. The Boeing Vertol CH47 and Sikorsky CH53
helicopters employ a starter/pump on the aircraft auxiliary power unit.
After the auxiliary power unit is started, the starter/pump is driven
by the auxiliary power unit supplying energy to a starter on the
main engine.

Two accumulators are recommended if a two-start capability is
desired. The volume required for two starts from a single accumulator
is greater than the total volume of two smaller accumulators, each of
which is completely discharged during a start. The pressure available
at the beginning of the second start from the single accumulator is
lower than that available from the second accumulator, assuming that
the total volume of the one and two accumulator systems are equal
and are precharged to the same pressure.
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