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o Reliability is improved significantly | w»i
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SUMMARY

This report presents the results of an evaluation of
a Pressurized Air Start System (PASS) for advanced Army
helicopters. PASS is a new concept for starting gas turbine
propulsion engines that currently use electric starters in
conjunction with nickel-cadmium batteries.

The Pressurized Air Start System includes an air
turbine starter mounted on the engine, an air storage
(pressure vessel) and control module, and a recharge com-
pressor located remotely in the aircraft. The starting
energy is stored in the pressure vessel. After the start
has been made, the compressor uses bleed air from the main
engine as the power source for recharging the pressure
vessel,

In addition to starting from stored energy, the engine
can be started using compressed air from a pneumatic ground
cart or bleed air from the other engine in a twin-engine
helicopter. The starter has both a high- and a low-
pressure connection for operation with the various power
sources.

The evaluation was conducted for both single- and twin-
engine helicopters. The single-engine helicopter considered
utilized the T700-GE-700 engine rated at 1543 shp. The
twin-engine helicopter considered utilized the TSE1035
designed in response to the Army's solicitation for an
800-shp Advanced Technology Denonstrator Engine and is a

typical advanced 800-shp engine for this study.




The study program included evaluation of the following

tasks:

Design
Maintenance
Reliability
Life-Cycle Cost
Logistics
Vulnerability

A comparison was made of a PASS with an electric start

system for each engine.

The results of the evaluation are summarized below:

Weight

System weight Weight
(1b) savings with
Electric PASS
Engine PASS start (1lb)

Single 157 238 81
T700-GE-700

Twin 128 147 13
TSE1035

Performarice

Time to accelerate to starter
cutout speed
(sec)
Engine PASS Electric start

T700-GE-700 8.8 25.7
TSE1035 5.9 16.1

Note: Based on sea level =25°F
static design conditions.




Maintenance man-hours
per 1000 flight hours
PASS Electric start

12.91 33.14

13.72 16.73

Average system MTBF
PASS Electric start

Maintenance
Engine
3 Single
<& T700-GE-700
g Twin
X TSE1035
¥l
i Reliability
,;‘
&3 Engine
e
F# Single
&5 T700-GE~-700
4 Twin
g TSE1035
8

Life-Cycle Cost

564 37

478 94

10-year life-cycle cost
for 700 aircraft
(millions of 1977 dollars)

Engine PASS Electric start
Z Single 19.15 32.44
' T700-GE~-700
Twin 23.86 31.60
TSE1035
Vulnerability
Total possible system
area exposed to
: ballistic impact (sqg in.)
Engine PASS Electric start
Single 1285 558
T700-GE-700
Twin 1039 492

TSE1035




As shown, the PASS offers significant improvement over
the electric start system in all of the parameters except
vulnerability.

In addition to presenting the results of the study,
Appendix A of this report presents a summary of the
AiResearch company-sponsored PASS Research and Development
Program. This program has been active since 1974 and has
included the experimental development of components for an

APU starting system as well as main propulsion engines.

B




v
4
§

X

-1

N
Ao
5
3
4
§

o 8L v ZBB e

PREFACE

This report was prepared by AiResearch Manufacturing
Company of Arizona. The work was accomplished under
Contract DAAJ02-77-C-0007 with the Eustis Directorate,

U.S. Army Air Mobility Research and Development Laboratory, *

Ft. Eustis, Virginia. Mr. J. A. Rhoden was the principal
investigator for the program for AiResearch. The Con-
tracting Officer's Technical Representative (COTR) was
Mr. Paul Chesser.

The author wishes to acknowledge contributions made
to this program by the many individuals at AiResearch,
particularly Mr. R. H. Larson.

The author also wishes to acknowledge the contri-
bution of data from the following companies: Bell
Helicopter, Division of Textron; Vertol Division, Boeing
Company; Sikorsky Aircraft; General Electric Company,
Lynn, Massachusetts; MC Division of Kelsey-Hayes; Valcor
Engineering Corporation; Gulton Industries/Engineered
Magnetics Division; and Structural Composites Industries,

Ine.

*On 1 September 1977, the Eustis Directorate, U.S. Army
Air Mobility Research and Development Laboratory was re-
designated the Applied Technology Laboratory, U.S. Army
Research and Technology Laboratories (AVRADCOM) .
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INTRODUCTION

The PASS concept is illustrated by the block diagram
of Figure 1. The system uses an air starter mounted on
the propulsion engine starter pad. This starter is
similar to that currently in use on the Utility Tactical
Transport Aircraft (UTTAS) and the Advanced Attack Heli-
copter (AAH). The power supply for the starter is con-
tained in the air storage (pressure vessel) module. The
control module regulates the air pressure to the starter
and contains the necessary components for controlling the
operation of the system. A piston compressor is used to
recharge the pressure vessel after the engine has been
started.

The study program described in this report was based
on expanding an initial preliminary study conducted by
AiResearch as a portion of a company-sponsored research
and development program. The preliminary study included
primarily weight and performance comparison with an
electric start system. The more detailed evaluation
described in this report includes:

Design for both single- and twin-engine
aircraft

Maintenance
Reliability
Life-Cycle Cost
Logistics

Vulnerability

16
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In addition to presenting the results of these studies, a
description of the activities conducted under the AiResearch

company-sponsored research and development program is pre-
sented in Appendix A.
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DISCUSSION OF STUDY TASKS

The results of an evaluation of the study program are
presented in the following paragraphs. A discussion is
presented for each of the study tasks defined in the
USAAMDRL Statement of Work.

TASK I - DESIGN

A design study of the pressurized air start system for
single- and twin-engine helicopter installations was con-
ducted. The single-engine aircraft was based on the
T700-GE-700 engine, and the twin-engine aircraft was based
on an advanced 800-shp engine (AiResearch Model TSE1305).
Although the AiResearch TSE1035 is not an existing engine,
detailed aerodynamic and mechanical design studies of this
engine have been conducted. The starting characteristics,
applicable to this study, were estimated based on the
thermodynamic unbalanced torque calculation and measured
drag data from other similar AiResearch engines.

The PASS configurations selected for evaluation are
shown in Figures 2 and 3, which show the single- and twin-
engine systems, respectively. These configurations were
established based on the results of previous studies
conducted under the AiResearch company=-sponsored PASS
Research and Development Program. A summary of the

company-sponsored program is presented in Appendix A.




HIV-03318 <=

* (sutbus-a1burs) oTjzeWIYDS Wa3sSAS SSvVd

Siv
O1-H

e e e e e e e e . ey

3INION3I
g 001
H3LHVIS INISHNL HIV -
1404 @338
e e 4
|
IAWA £ |
4401NHS |
|
|
_
HOLOW |
|
|
HOSSIHIWOD ! omﬂe

3OVIS-OML _
|
|
lllllllllllll J
AT8WISSY
HOSSIHIWO0D
JOHVHOIY

F ‘,.(“.\ B m % o

*Z 2Inbtg

NOILI3INNOD LHVD
AGNNOYO JILVYWN3Nd

JATVA 4401NHS
ANV HOL1VINO3Y

20

G704INVW TOHLINOD

140d 1114
A"VITIXNY

HOLIMS 3HNSS3dd




F‘l

T

T —

JATVA
4401NHS

39NVv9
3YNSS3IYd

2810
1syng

* (sutbus-uim3) or13eWLYDS we3sAs SS¥Wd € 2anbrg
NOILO3INNOD 1¥VD
AaNNOYD JILYWNIN
3INION3 S1v |
SGEOLISL 01-IH —
§01231100
JHNLSION
lVI IAIVA
J0HLNOD
H31YVIS
su3sn
3INION3 SV
HIv-03318 <=
¥3IHL0 GE0L3SL 071-H
T JAIVA 440LNHS
ANV HOLYIND3Y
Y31Y¥VIS INIGHNL HIV =
9ISd 05Z-0€Z
140d @338 IATIVA
4401NHS
LI, Q104INVW TOHLNOD
_ IATVA
(L] MNO3HO
140d 1114
39NV9
AHVIIXNY
3UNSSIYd
p—————— 1t-—————- 4 Foor Junssayd
| ﬁ | AHVIWIYG,
| 3ATVA I
| d401nHS |
I _ ISd 006/000L
" | HOLIMS 3¥NSS3Hd
|
| |
| HOL1OW |
| |
_ _ 9ISd
“ HOSSIHIWOD 1 “w..ﬂ.ooo_ )
_ 3DVIS-OML | *
| |
| |
i i o i i s o s i i J
AT8W3SSY
HOSSIHIWOD
394VHI3Y
a‘!.l.,.v\..u TS Mg it [, T AR, AR g 2 " 4 =

B Tt




S
R

SYSTEM OPERATION

VTR

Operation of the single-engine system shown in
Figure 2 is as follows. With the pressure vessels charged,
a start is initiated by energizing the regulator and shutoff
. valve to open. Air flows from the primary pressure vessel
to the regulator. The pressure is regulated to approxi-
mately 250 psig and is ducted to the high-pressure inlet

o B s

of the air turbine starter (ATS). When the starter has
accelerated the engine to starter cutout speed, a signal
from the starter speed switch closes the regulator and
shutoff valve to terminate the start.

After the engine has been started, the shutoff valve
at the inlet of the recharge compressor is energized
open. This allows main ergine bleed air to enter the
compressor drive motor, which is an air turbine. The
two-stage compressor inlet is charged with a small amount
of the engine bleed air for the compression process. The
compressor discharge is ducted to the control manifold of
the primary pressure vessel through a check valve. When
the pressure level reaches approximately 1000 psig, the
pressure switch closes and provides a signal to close the
shutoff valve at the compressor motor inlet to terminate

operation.

Additional control and safety components that are
included on the primary pressure vessel manifold include:

® Burst Disc - Relieves the air pressure in
the event of an overpressure condition
such as would be caused by overheating.
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® Pressure Gauge - Allows monitoring system

pressure for maintenance.

° Auxiliary Fill Port - A connection to
attach a portable ground air compressor
or gas servicing unit to pressurize
the system in the event of leakage or

maintenance action requiring servicing.

) Moisture Collector - A small reservoir
to collect moisture and discharge it
during the start cycle to prevent any
accumulation that may freeze in low-

temperature environments.

In addition to the primary pressure vessel, a reserve
pressure vessel is attached to the primary vessel through
a shutoff valve. This unit provides a redundant start
capability to the system. This unit is normally isolated
from the system by the shutoff valve and, in the event of
leakage in the primary, the shutoff valve is opened to
pressurize the system for a start. The reserve pressure
can also be used simultaneously with the primary for opera-
tion at extreme low temperatures (below =25°F). The
reserve pressure vessel also includes a pressure gauge and
a burst disc.

In addition to using the PASS air supply for starting,
the engine can be started using a low-pressure pneumatic
ground cart. When the pneumatic ground cart is attached
to the aircraft, air flows through the starter control
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valve to the low-pressure inlet of the air turbine starter.

In the event the ground cart pressure is too high, the
starter control valve will regulate the starter inlet
pressure (40 psig) to prevent applying excessive torque
to the engine.

Operation of the twin-engine aircraft system (see
Figure 3) is identical to the single-engine aircraft
system except as follows: Select the engine to be started
using the PASS air supply system and initiate start. After
this engine has been started using the PASS, the other
engine is started by cross-bleeding the operating engine
to the low-pressure inlet of the starter. The starter
control valve in this system controls both cross-bleed

and pneumatic ground cart operation.

Since both air turbine starters are supplied from a
common pressure supply in the high-pressure start mode,
shutoff valves are included in the high-pressure line to
select the appropriate starter.

<PRESSURE VESSEL SIZING

The air storage requirements for starting the T700-
GE-700 and TSE1035 engines were determined by using an
AiResearch computer program that simulates the blowdown
characteristics of the pressure vessel and regulator
valve, the starter performance characteristics, and the
engine starting characteristics. The pressure vessel
sizing was based on a design requirement of providing

two engine starts (one from each pressure vessel) at an
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ambient temperature of -25°F at sea level ambient pressure.
For the analysis, it was assumed that the pressure vessel
was charged to 1000 psig at an ambient temperature of 59°F

and then soaked to the -25°F condition.

The results of the pressure vessel sizing analysis

are shown below:

Required pressure vessel Pressure vessel
size for one start dimensions
Engine at sea level =25°F Diameter Length
T700-GE-700 3400 cu in. 13.0 in. 330" ‘dn.
TSE1035 1000 cu in. 8l.9 din, 2250 in.

Tne effect of ambient temperature on pressure vessel

sizing is shown in Figures 4 and 5 for the T700-GE-700 and

TSE1035 engines, respectively. As shown in these figures,

with the pressure vessels sized to provide two starts (one

from each unit), the engines can be started below =-65°F by

using both pressure vessels simultaneously. This precludes
any special winterization requirements for the system.

The engine starting characteristics used for this
analysis are shown in Figures 6 and 7. The T700-GE-700
engine data was supplied to AiResearch by General Electric.
The starting characteristics of the TSE1035 engine were
estimated by AiResearch.
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= 4000

2, PRESSURE VESSEL SIZE BASED ON ONE -1
START AT THE AMBIENT TEMPERATURE
SHOWN

3. SEA LEVEL STATIC CONDITIONS
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PASS starting data for General Electric
T700-GE-700 engine.
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NOTES:

1. PRESSURE VESSEL ASSUMED CHARGED TO 1000 PSIG AT 59°F
AND THEN SOAKED TO AMBIENT TEMPERATURES SHOWN
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AMBIENT TEMPERATURE SHOWN
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Figure 5. PASS starting data for TSE1l035 engine.
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AIR TURBINE STARTER PERFORMANCE CHARACTERISTICS

The starting characteristics of the engines when
operated with the air turbine starters in the high-pressure
mode are shown in Figures 8 and 9 for the design ambient
temperature of -25°F. Starting data for other ambient tem-
peratures is summarized in Table 1.

The air turbine starters designed for the T700-GE-700
and TSE1l035 engines were derived from AiResearch Model
ATS18-3 used on the UTTAS and AAH helicopters. A photo-
graph of this unit is shown in Figure 10. The starter
designations for this study are as follows:

Starter
Engine part number

T700-GE-700 3505380 (Figure B-4)
TSE1035 3505386 (Figure B-10)

The basic changes required to modify Model ATS18-3 for use
with PASS include:

) Modification of the inlet air housing to
provide ports for both high and low
pressure,

° Redesign of the turbine stator for the

partial admission nozzles.

e Reduction gearbox modified to change
turbine to output shaft gear ratio from
6.6 to 4.5.
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3. PERFORMANCE SHOWN IS FOR OPERATION WITH A
3400 IN.3 PRESSURE VESSEL CHARGED TO 1000 PSIG
AT 59°F AND SOAKED TO -25°F
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5. REGULATOR VALVE SETTING = 235 PSIG
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Figure 8. PASS starting characteristics,

T700-GE-700 engine.
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Figure 9. PASS starting characteristics,

TSE1035 engine.
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SUMMARY OF ENGINE STARTING CHARACTERISTICS.

Ambient Pressure Time to Time to
temperature vessel minimum engine
(°F) volume cutout speed idle speed
(in.3) (sec) (sec)

125 3400 14.4

59 3400 1501
=25 3400 16.2
-65 6800 17.7

T700~GE-700

125 1000 10.
TSE1035 _gg iggg .

-65 2000

Performance shown based on pressure vessels charged
to 1000 psig at 59°F and soaked to ambient tempera-
tures shown.

Sea level static conditions.

Regulator setting = 235 psig.




Figure 10. Air turbine starter Model ATS18-3.
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The generalized performance characteristics of the
modified starter configurations are shown in Figures 11
through 14. The data shown is for high- and low-pressure
operation.

The performance characteristics of the starters when
operated in the low-pressure mod<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>