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Thank you for purchasing a AeroForce ™* turbocharger. We encourage you to read this manual thoroughly.
It contains a wealth of information about how to properly install and maintain your turbocharger so that it
may give you many years of safe and reliable service.

Should you have a question regarding your turbocharger that is not covered in the manual, Hartzell Engine Tech
Product Support is ready to assist you. We may be reached at the following contact information:

Phone: +1.334.386.5400, option 2
E-mail: techsupport@Hartzell.aero
Fax: +1.334.386.5450

Web: www.Hartzell.aero/contact/

*AeroForce™ is a trademark of Hartzell Engine Tech LLC
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Airworthiness Limitations

A.1 General Information

LIMITATIONS

CAUTION!

0
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= =
=
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o
S
&
g

THE AIRWORTHINESS LIMITATIONS HEREIN ARE THOSE MANDATED BY
HARTZELL ENGINE TECH. THESE LIMITATIONS ARE THE MINIMUM REQUIRED
TO MEET CONTINUED AIRWORTHINESS BUT MAY BE SUPERSEDED
BY MORE STRINGENT REQUIREMENTS AS PUBLISHED BY THE FAA,
AIRCRAFT, ROTORCRAFT OR OTHER MANUFACTURERS THAT USE THESE
TURBOCHARGERS IN THEIR APPLICATIONS. FAILURE TO OBSERVE
THESE LIMITATIONS MAY COMPROMISE THE TURBOCHARGERS OR THE

APPLICATIONS THEY ARE USED IN.

A.2 Airworthiness Limitations Statement

A. The Airworthiness Limitations section is FAA accepted and specifies maintenance required under
§ 43.16 and § 91.403 of the Federal Aviation Regulations unless an alternative program has been
FAA approved.

Airworthiness Limitation Revisions Log

Revision Number Description of Revision

AF3001
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A.3 Life Limits

A. The FAA establishes specific life limits for certain component parts as well as the complete turbocharger
(TC) assembly. Such limits require replacement of the identified parts after a specified number of cycles or
hours of use.

B. Additions of, or changes to, any life limit for turbocharger components will be noted in the Airworthiness
Limitation Revision Log.

C. Life Limits
(1)  Turbocharger models and their component parts affected by this manual currently do not have any life
limited parts.
(2) There are no new (or additional) Airworthiness Limitations associated with this equipment and/or
installation.
AF3001
Rev. New: 03 March 2025 73-10-00
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CHAPTER 1 - INTRODUCTION

1.1 General Information

WARNING!

IMPROPER OR UNAUTHORIZED APPLICATIONS OF THE INFORMATION CONTAINED
IN THE MANUAL MAY RENDER THE AIRCRAFT OR THE COMPONENT UNAIRWORTHY
AND RESULT IN LOSSES, DAMAGES, OR INJURY TO THE USER.

DO NOT USE OBSOLETE OR OUTDATED INFORMATION. PERFORM ALL INSPECTIONS
OR WORK IN ACCORDANCE WITH THE MOST RECENT REVISION OF THE APPLICABLE
AIRCRAFT/ENGINE SERVICE OR MAINTENANCE MANUAL. INFORMATION CONTAINED
IN THESE MANUALS MAY BE SIGNIFICANTLY CHANGED FROM EARLIER REVISIONS.
USE OF OBSOLETE INFORMATION MAY CREATE AN UNSAFE CONDITION THAT
MAY RESULT IN DEATH, SERIOUS BODILY INJURY, AND/OR SUBSTANTIAL PROPERTY
DAMAGE.

The accuracy and applicability of this manual has not been verified for any assembly, component or part not
manufactured by Hartzell Engine Tech LLC (HET). Any use of the manual for other than its intended or implied
purpose is prohibited. The use of the manual for the purpose of performing any installation, maintenance,
replacement, adjustment, or inspection of any assembly, component or part not manufactured by HET is not
approved, endorsed, or sanctioned by HET.

This manual has been approved by Hartzell Engine Tech LLC as the proper methods and procedures that FAA
or other airworthiness authority Certificated Repair Stations and A/P Mechanics should use in the inspection and
maintenance of HET turbochargers.

No liability will be assumed by Hartzell Engine Tech LLC for actual, consequential, incidental or other types of
damages directly or indirectly resulting from the unauthorized use of this manual for other than its stated purposes.

The liability for use of the authorized data herein for the maintenance, or return to service is limited to the specific
terms and conditions stated under the applicable Limited Warranty in effect for each piece part, component, assembly
or whole unit sold by HET.

Because of the numerous modifications, Supplemental Type Certificates (STC), Parts Manufacturing Approvals
(PMA), or Form 337 Field Approvals that may apply, it is the responsibility of the repairman, mechanic, or
maintenance facility to determine the proper engine or aircraft application of this turbocharger assembly. Please refer
to the appropriate aircraft Type Certificate, Supplemental Type Certificate (STC), aircraft equipment list, maintenance
manuals, and/or Log Book entries for determination.

When performing installation, maintenance, replacement, adjustment, or inspection of any HET assembly, component
or part, it is imperative that the latest revision of this HET manual or other product support document be referenced.
Reference the HET website to be sure you have the latest revision before performing any work. (https://aeroforce.
aerol/aircraft-turbochargers-support/maintenance-manuals/)

All reasonable attempts were made to make this manual as complete and accurate as possible. If you have any
questions, comments, corrections or require clarification of any information contained herein, please write to
Hartzell Engine Tech LLC, 2900 Selma Highway, Montgomery, Alabama, 36108 USA. TEL +1.334.386.5400, FAX
+1.334.386.5410, or https://hartzell.aero/contact/.

AF3001
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1.2 General Specification (manual)

A.

This manual uses ATA-100 identification as required. Principle units of measure used in the manual are
U.S. units with International System of Units (Sl) in parentheses.

The 400 Series and 600 Series turbochargers are considered herein. Variations of these turbochargers
may be noted as applicable.

All aircraft, rotorcraft, or engine applications are limited to the holder of the Type Certificate, STC, PMA, or
TSO and only at the date of that document publication or revision.

Only approved, competent persons with the necessary skills may do maintenance tasks described in the
manual. This may include a certified pilot doing “preventative maintenance” as defined in FAR 43, Appendix
A, paragraph C with guidance from AC 43.12A of latest change.

The manual describes maintenance on components as they are installed on aircraft and tasks that should
be accomplished in a properly equipped service facility.

Maintenance tasks and subtasks are referenced in the manual but will have no specific identification
numbers.

The manual contains: Description of operation, Troubleshooting, Instruction for Continued Airworthiness
(ICA) and Maintenance information along with part numbers required for basic maintenance tasks.

Changes and updates to this manual can be found at https://aeroforce.aero/. Revisions will be tracked and
recorded in the Record of Revisions section of this document.

1.3 How to Use the Manual

A. Make sure the manual contains information applicable to your aircraft, engine, or replacement
turbocharger. Look for the model number on the Title Page and if applicable, the part number of the
replacement or superseded component.

B. Itis imperative that you read, understand, and observe all the applicable WARNINGS and CAUTIONS
before you do any work on this component.

C. Use only the sections needed, use the check section to determine what actions may be needed periodically
and the maintenance sections for servicing the turbocharger.

D. If you need to identify a part or find a part number, refer to illustrations herein or the applicable aircraft or
engine service or maintenance manual.

E. Refer to the troubleshooting section to assure that the observed or reported condition lies with the
turbocharger.

F. Fully test the turbocharger per the instructions in this manual when running the aircraft. Utilize the aircraft
and/or engine manufacturer’s service manuals and publications before returning the aircraft to service. Use
the AFM or POH for aircraft operations.

G. Some sections in this manual apply to all turbochargers considered herein. Other sections will contain
information specific to a particular turbocharger model or variation of a model.

AF3001
Rev. New: 03 March 2025 73-10-00
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1.4 Measurements

A. The measurements given in this manual are taken from original manufacturing drawings.

1.5 Units of Measure

A. Sl Units
A Ampere
A-h Ampere hours
g Gram
N Newton
N-m Newton meter
\Y Volt
°C Degree Celsius
Q Ohm
w Watt
Hz Hertz
m Meter
cm Centimeter
kg Kilogram
B. U.S. Units
ft Foot
in Inch
Ib Pound
Ibf - in Pound-force inch
Ibf - ft Pound-force foot
°F Degree Fahrenheit
C. Multiplying Prefixes
g Micro
m Milli
k Kilo
M Mega
p Pico
AF3001
73-10-00 Rev. New: 03 March 2025
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1.6 Abbreviations

A.

The abbreviations given below are used in the manual: (upper or lower case)

AD Ashless Dispersant

AFM Aircraft Flight Manual

ASB Alert Service Bulletin

ATA Air Transport Association of America
CHRA Center Housing and Rotating Assembly
CHT Cylinder Head Temperature

EGT Exhaust Gas Temperature

FOD Foreign Object Damage

FSDO Federal Standards District Office
HET Hartzell Engine Tech LLC

AW In Accordance With

MAP Manifold Pressure

MFI Magnetic Field Indicator

OEM Original Equipment Manufacturer
PMA Parts Manufacturer Approval
POH Pilot’s Operating Handbook

PSI Pounds Per Square Inch

RPM Revolutions Per Minute

SB Service Bulletin

SL Service Letter

STC Supplemental Type Certificates
TBO Time Between Overhauls

TC Turbocharger

TIS Time In Service

TIT Turbine Inlet Temperature

1.7 Definitions

A.

This paragraph defines the warnings and notifications used in this manual. WARNINGS place critical
attention to use of tools, materials, procedures, or limitations, which must be followed without deviation to
avoid injury to the technician or other persons. CAUTIONS place immediate attention to use of tools and
procedures which must be followed to avoid injury, damage to equipment and/or facilities. NOTES call
attention to procedures which make the job easier.

The following are basic definitions of the terms used herein: (as related to this manual)

CENTER HOUSING: The center housing supports the compressor and turbine wheel shaft in a pair of
bearings (400 Series), which contain oil holes for directing lubricating oil to the bearing bores and shaft
journals. Passages drilled in the center housing direct oil (supplied by the engine) from the inlet port to oil
grooves machined in the bearing bores, which align with holes in the bearings. Components and assembly
relationships of a typical center housing and rotating assembly are shown in Figure 2.4.

CENTRIFUGAL: Acting in a direction away from a center or axis, as in the centrifugal, radial outflow of air
in the turbocharger compressor.

CLEANING SOLVENT: Non-flammable, carbon-removal type of solvent suitable for general cleaning of
exterior surfaces of turbochargers.

COKING: Common term for the process in which oil is carbonized by overheating. In the center housing
of the turbocharger, continued overheating can lead to a carbon buildup that impedes circulation of oil.
Hardened coke particles can also act as an abrasive.

AF3001
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COMPRESSOR: The compressor is a centrifugal radial-outflow design, comprises a cast compressor
wheel, a backplate assembly, and a housing that encloses the wheel and directs the flow of air through the
compressor.

COMPRESSOR HOUSING: That portion of the turbocharger that directs ambient air to the compressor
wheel, which compresses the air and discharges it to the engine throttle for mixing with fuel.

JOURNAL BEARINGS: Bearings, which support the rotating surfaces, or journals, of the shaft common
to the turbine wheel and compressor wheel. The bearings are free to rotate in bores in the turbocharger
center housing.

PRE-LUBRICATION: Coating of all interior surfaces of the turbocharger center housing, journals, and
bearings with suitable aviation multi-vis AD engine oil. Performed before storage of the turbocharger, at
installation on the engine, at each engine oil and filter change, and after prolonged non-operation. Do not
make initial engine start without turbocharger pre-lubrication!

SCORING: Scratches in the direction of repeated motion: for instance, circumferential scratches on a
rotating shaft.

ALERT SERVICE BULLETIN (ASB): An Alert Service Bulletin is a document requiring the urgent
attention of the operator and should be limited to items that have significant effect on flight safety.

SERVICE BULLETIN (SB): A Service Bulletin a document requiring the attention of the operator and are
items that have limited or no effect on flight safety.

SERVICE LETTER (SL): A Service Letter is a document issued on matters that do not have a significant
effect on flight safety.

SERVICE INFORMATION LETTER (SIL): Document issued which describes service policies,
modifications, instructions for methods of approved servicing, and new products. (No longer used by HET,
refer to ASB, SB, and SL.)

SPRING PIN: Non-replaceable anti-rotation pin with a cross section like the letter “C”.

THRUST BEARING: Bearing which helps to support the axial thrust of the rotating assembly in the
turbocharger center housing and rotating assembly. Typically, an inboard thrust bearing is next to the
compressor end of the center housing, and an outboard thrust bearing is part of the backplate assembly
that adjoins the compressor wheel.

TIME BETWEEN OVERHAULS (TBO): Time interval established by the component or engine
manufacturer as the number of hours time in service after which the component or engine must be
overhauled. May be established in hours total time in service or calendar time.

TURBINE: The turbine comprises a cast turbine wheel, wheel shroud, and a specially designed housing
that encloses the wheel and directs the flow of exhaust gas through the turbine with a radial inflow design.

TURBINE HOUSING: That portion of the turbocharger that directs hot exhaust gas through the turbine
wheel, thus driving the shaft on which the compressor wheel is also mounted.

TURBOCHARGER: Device that compresses air for the engine combustion chamber and, in some cases,
for aircraft cabin pressurization, using a compressor driven by an exhaust-gas turbine.

WHEEL SHROUD: Dish-shaped stationary component at the turbine end of the turbocharger center
housing and rotating assembly. There is a very narrow clearance between the turbine wheel and the wheel
shroud end surface, which serves as a back disc for the wheel.

AF3001
73-10-00 Rev. New: 03 March 2025
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1.8 Disposal

A. The turbocharger assembly is designed to allow for re-use of many turbocharger sub-assemblies and
components. Disposal of unairworthy parts and assemblies as well as required replacement parts should
be as follows: Rejected parts should be tagged and scrapped per FAA requirements. Any part deemed
unairworthy must be rendered unusable prior to discard.

1.9 Model Numbers

TA0401 THO0871 T1108 3AT6EE10J2 3AV2MF80H2
TA0402 THO8AG0 T1879 3AUSEF10J2 3AUZ2MEGOH2
TA0411 THO8AG7 T18A21 3AV5EF10J2 3AV2MEG0H2
TA0413 THO8AGS8 T18A44 3AU2EF80H2

TA3601 THO8AG9 TA6101 3AV2EF80H2

TE0657 THO8A70 3DUSFF10J2 3AT5EE10J2

TE0659 TA8102 3DV5FF10J2 3BTS5EE10J2

THO867 T1107 3DT5FF10J2 3AU2MF80H2

1.10 Turbocharger Identification

A. Each turbocharger carries a nameplate which shows the Hartzell Engine Tech LLC (HET) part number
or the engine manufacturer’s/customer’s part number, or both, and the serial number assigned by HET.
In most cases, there is also a Model number, such as “TE0659,” which identifies it as one of a group of
turbochargers of similar design.

1.11 Serial Number Identification (Current)

HET » H- Y 05 0001
Year Code T

Month Code

Batch Code

Example above: 2024, May, first unit of the month (batch). The year code advances one letter in
alphabetical order for each succeeding year.

1.12 Serial Number Breakdown (Superseded)

A. Turbochargers may present with the following serial number format:

Hartzell unit—— > H- D K L I? 00000
4 A

Year Code T

Month Code

“L” = New Mfg. Code
- or_
“R” = Rebuilt/Overhauled Code

5-Digit Serial Number

AF3001
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1.13 Warranties

Serial Number Legend

Year Codes:
1971 Thru 1996 = A thru Z Year Codes.
1997 begins again with Year Code A.

Month Codes:

January = A, February = B,
December = L

Example:
Part Number: 406610-0005

Serial Number: DKL0O0001
Date of Mfg.: November, 2000

Note:

Hartzell Engine Tech units
have a prefix of H-. HET units start
in October 2010.

Current production units are marked
“L” for new and “R” for rebuilt/overhauled.

A. Hartzell Engine Tech LLC (HET) offers a Limited warranty with each new or rebuilt turbocharger assembly
or component (parts) it sells through it's distribution system. NO expressed or implied warranty exists
when repairing, or rebuilding any assembly or component using this manual except as it may apply to
any new HET replacement part purchased. If you suspect that any warranty applies to the turbocharger
assembly, it must be returned through an authorized HET distributor in a manner prescribed by that
specific distributor. The affected turbocharger must be received by the factory fully assembled and not
altered in any way for disposition by the HET warranty department. (Warranty shall be denied for any
turbocharger received altered, modified, or disassembled.)

B. The HET Limited warranty policy in affect for your turbocharger was delivered with the unit at the time of
purchase. (As the Warranty policy is revised from time to time, you must check the policy delivered with
your unit for specific terms and conditions should a warranty condition occur. If needed for reference,
obtain the most current policy by visiting our website at http://www.hartzell.aero.

1.14 References

— Continental Aerospace Technologies M-0 Manual

— Continental Aerospace Technologies SB88-9

— Continental Aerospace Technologies SB96-11B

— Continental Aerospace Technologies SB97-6B

— Continental Aerospace Technologies Technical Brief T93-5

— Cessna T206H Maintenance Manual

— Lycoming Engines Service Bulletin 240W

— Lycoming Engines Service Bulletin 369

— Lycoming Engines Service Bulletin 398B

73-10-00
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— Lycoming Engines Service Bulletin 401

— Lycoming Engines Service Bulletin 553B

— Overhaul Manual Aircraft Valves and Controls P/N 400999-0000
— Rajay (Roto-Master) Service Letter 27 (latest revision)

— Rajay (Roto-Master) Service Letter 29 (latest revision)

— Teledyne Continental Motors Service Bulletin 67-12

— Troubleshooting Reference Guide Aircraft Turbochargers, Valves & Controls Reference
Guide P/N 400888-0000
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CHAPTER 2 - DESCRIPTION OF OPERATION

2.1 General

A. The instructions in this section for turbocharger maintenance must be combined with competent and
conscientious maintenance of the engine and/or airframe systems of which the turbocharger is an integral
part. Due to variations in such things as exhaust and intake tubes, air boxes and air inlets, consult with
both the engine and airframe service or maintenance manuals to fully understand each system. As shown
below in Figure 2.1, the turbocharger connects to the engine air, exhaust, and lubricating oil systems, and
delivers compressed air to the engine cylinders.

Turbine Wheel Turbine Exhaust

Gas Outlet

Turbine Housing

Exhaust Gas Inlet
Compressor Outlet

Compressor Housing

Compressor Wheel
Intercooler
Engine Exhaust T w
Turbocharger Oil
4 Inlet
Compressor Wheel /A

Engine Cylinder —>

Exhaust Gas

E l C% Discharge
Engine Exhaust Gas Flow —) ‘.‘ Turbine Wheel
Compressed Air Flow gy AAT:?;?Q’: Oil Outlet

Figure 2.1 — Turbocharger Schematic Flow Diagram

B. The turbocharger operates in an environment of hot exhaust gases and at extremely high speeds of
rotation, where turbine inlet temperatures can exceed 1650 °F on some models and shaft rotation can be
in the vicinity of 90,000+ rpm. Therefore, any condition that hinders adequate lubrication will quickly cause
bearing wear and damage. Also, foreign matter in the lubricant or in the air or exhaust gases which enter
the turbocharger will lead to abrasion, distortion or breakage, and results in turbocharger damage.

AF3001
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2.2

WARNING!

TURBOCHARGERS OPERATE AT HIGH SPEED AND HIGH TEMPERATURES.
CAUTION MUST BE USED AT ALL TIMES WHEN OPERATING TURBOCHARGERS
TO AVOID INJURY AND DAMAGE BY KEEPING FINGERS AND FOREIGN
OBJECTS AWAY FROM OPENINGS AND AVOIDING CONTACT WITH ITS HOT
SURFACES AND OTHER HOT CONNECTING PARTS.

Basic Component Description

A. 400 Series Turbochargers

(1)

For aircraft engine applications, HET turbochargers are comprised of an exhaust gas-driven turbine
and a centrifugal air compressor utilizing a common shaft. The turbine and compressor wheels are
mounted at opposite ends of the shaft, which is enclosed and supported by a center housing. The
turbine and compressor wheels are enclosed by cast housings attached to the center housing. The
two basic methods for attaching compressor and turbine housings to the center housing are illustrated
in Figures 2.2 and 2.3.

(@)

(b)

(c)

The turbine, which is a radial inflow design, comprises a cast turbine wheel, wheel shroud, and
a specially designed housing that encloses the wheel and directs the flow of exhaust gas through
the turbine.

The compressor, which is a centrifugal radial-outflow design, comprises a cast compressor
wheel, a backplate assembly, and a housing that encloses the wheel and directs the flow of air
through the compressor.

The center housing supports the compressor and turbine wheel shaft in a pair of identical
bearings (400 Series), which contain oil holes for directing lubricating oil to the bearing bores and
shaft journals. Passages drilled in the center housing direct oil (supplied by the engine) from the
inlet port to oil grooves machined in the bearing bores, which align with holes in the bearings.
Components and assembly relationships of a typical center housing and rotating assembly are
shown in Figure 2.4.

NOTE
1 Locknut 4 Bolt? 7 Turbine Housing If marked with A,

2 V-Band Coupling 5 Lockplate |8 Center Housing for replace with new

3 Compressor Housing |6 Clamp Rotating Assembly | Pparts whenever parts
are removed.

Figure 2.2 — 400 Series Typical Turbocharger with
Compressor Housing V-Band Coupling and Turbine
Housing. Attach bolts, lockplates, and clamps

AF3001
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1 Bolt? 4 Compressor Housing
2 Lockplate® |5 Bolt2
3 Clamp 6 Lockplate 2

7 Clamp
8 Turbine Housing
9 CHRA

Figure 2.3 — 400 Series Typical Turbocharger with
Compressor Housing and Turbine Housing. Attach

bolts, lockplates, and clamps

1 Locknut#

2 Compressor Wheel
3 Piston Ring #

4 Turbine Wheel Assy.
5 Wheel Shroud

6 Backplate Assy.
7 Seal Ring 2

8 Piston Ring #

9 Thrust Spacer

10 Thrust Collar

11
12
13
14
15

Thrust Bearing
Journal Bearing
Retaining Ring 2
Pin

Center Housing

Figure 2.4 — 400 Series Turbocharger Typical
Center Housing and Rotating Assembly

NOTE

If marked with A,
replace with new
parts whenever parts
are removed.

NOTE

If marked with A,
replace with new
parts whenever parts
are removed.
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B. 600 Series Turbochargers

(1)  All models in the 600 series are designed around a three inch diameter, precision balanced rotating
group consisting of a radial inflow turbine wheel on one end and a centrifugal compressor impeller on
the other end. Each is encased in a suitable housing. The shaft is supported by an aluminum center
housing which features a patented, one-piece aluminum bearing of semi-floating design, lubricated
with oil supplied by the engine. The two ends of the bearing serve as thrust surfaces, with bearing
end movement being restrained by the flange at the compressor end. Refer to Figure 2.5.

(2) A-carbon face type seal is used to prevent oil leakage at the compressor end while a piston ring type
shaft seal is used at the turbine end.

1 Turbine Housing 13 Mating Ring 2
2  Nut? 14 Shaft Sleeve *
3 Turbine Housing Clamp 15 Shim 2
4 Turbine Wheel and Shaft 16 O-Ring*
. . NOTE
5 Shaft Seal Ring # 17 Qil Seal _
6 Gasket” 18 Retaining Ring If marked .W'th A,
) ) replace with new
8 Plug 20 Impeller Washer # are removed.
9 Spring Ring 21 Impeller Nut 2
10 Bearing Housing 22 Comp. Housing Gasket #
11 Bolt 23 Compressor Housing
12 Bearing and Shim Assy. #

Figure 2.5 — 600 Series Turbocharger Exploded View

AF3001
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2.3 Principles of Operation for 400 Series Turbochargers

A

During operation of a turbocharged engine, exhaust gas from the engine exhaust manifold flows into the
turbine (see Figure 2.1). Exhaust gas pressure and the heat energy extracted from the gas cause the
turbine wheel to rotate, which in turn causes the compressor wheel to rotate.

The cooled and expanded exhaust gas leaving the turbine wheel is directed from the turbine housing to the
engine exhaust system, and expelled to the atmosphere.

Rotation of the compressor wheel causes ambient air from the engine air filter to be drawn into the
compressor housing, where it is compressed and directed to the engine intake manifold ducting. The
increased density of the air thus delivered to the engine permits a corresponding increase in the amount of
fuel that can be introduced into the cylinders, while maintaining the proper air/fuel ratio required for correct
combustion. Since engine power output is a function of the amount of fuel burned, the increase in the
amount of fuel introduced (as a consequence of turbocharger operation) results in an increase in engine
power output.

Seals (piston rings, 3 and 10 Figure 2.4) are installed at each end of the shaft between the bearing and the
adjacent turbine or compressor wheel to minimize the backflow of gases from the turbine and compressor
entering the center housing and thereby pressurizing the crankcase. Piston rings also help to prevent
lubricating oil from entering the wheel housings.

Most aircraft turbocharger applications include an exhaust bypass valve (wastegate) and controller to
regulate the flow of exhaust gasses to the turbine that, in turn, regulates the compressor output applied to
the engine.

2.4 Principles of Operation for 600 Series Turbocharger

A. As shown in Figure 2.6, the hot engine exhaust gases are directed against the turbine wheel and shaft at
a high rate of speed. The rotating impeller in the compressor portion of the turbocharger draws in air and
forces it radially into the scroll shaped compressor housing where it is charged, under pressure, to the
intake manifold of the engine. This increases the density of the air available to the engine, allowing efficient
burning of increased amounts of fuel, resulting in a greater horsepower output than is possible with a
naturally aspirated engine.
Turbine
o
Impeller e ﬁExhaust
-3 3V Turbine
Compressor 3 4',;"(/"} /\ \ Wheel
r AN
f Exhaust
2o Manifold
Figure 2.6 — 600 Series Turbocharger
Operation Diagram
AF3001
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B. As engine power increases, the exhaust gas volume also increases causing the turbocharger to speed up,
providing more air to the engine to meet the demand. When engine loads are light, the lower volume of
exhaust gasses decreases the turbocharger speed and the air volume output. The turbocharger output can
also be controlled by means of a wastegate. A wastegate is a valve that is mounted between the engine
and the turbocharger that can bleed off some of the exhaust gas going to the turbine and thereby limits the
output to the desired level.

2.5 Turbocharger Special Conditions

A. General

(1) The aircraft turbocharger system may encounter “Special Conditions” from time to time which must
be addressed at unscheduled times. These include misfueling, sudden stoppage, and lightning strike.
Each have specific checks and remedies.

B. Misfueling Condition

NOTE: Refer to the latest revision of Lycoming Engines SB 398B or Continental Aerospace
Technologies Technical Brief T93-5.

(1) Misfueling an Avgas aircraft with aviation kerosene is uncommon but may occur. If the engine
has been started and run, even briefly, the turbocharger may suffer from debris created by engine
damage from detonation in the cylinders.

(a) If misfueled with automotive gasoline for which no STC exists at the time of publication, the
turbocharger may suffer from debris created by engine damage from detonation. If engine
damage has not occurred, the turbocharger will not be affected by a automotive gasoline misfuel.

(2) If misfueled and the engine run, it is recommended that the turbocharger turbine inlet and exit be
removed and the inlet and exit path be inspected for evidence of foreign object damage (FOD).
Closely inspect the turbine blades for nicks or impact damage.

(a) If FOD is found in the inlet or exit and/or damage to the turbine blades is present, the
turbocharger must be overhauled or repaired. Refer to the appropriate airframe and engine
manuals to remove the turbocharger.

(b) If FOD is found in the inlet or exit but there is no damage to the turbine blades, clean
components to remove the FOD and reassemble as required.

(c) If turbocharger has no FOD or other damage, inspect the complete turbocharger for general
condition and reinstall. Refer to CHAPTER 4 — INSPECTIONS.

(3) Reinstall the turbocharger per the appropriate airframe and engine manufacturers maintenance or
service instructions.

(a) Prelube the turbocharger per instructions in CHAPTER 6 — MAINTENANCE § 6.5.E, Pre-
Lubricating Turbocharger On Engine prior to starting the engine.

C. Sudden Engine Stoppage or Propeller Strike

NOTE: Refer to the latest revision of Lycoming Engines SB 533B or Continental Motors SB96-11B.

(1) If the aircraft or engine has experienced a sudden stoppage or propeller strike as defined by the
engine manufacturer, the turbocharger may be critically impacted by this event. Although the
turbocharger is not directly connected to the engine drive train, damage from these events may have
an effect on the air, exhaust, and the oil system of the engine by creating contamination and FOD
which may enter the turbocharger. In addition the “G” forces created by these events may also cause
the rotating compressor or turbine wheel to contact non-rotating turbocharger parts.

AF3001
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(2) If sudden stoppage or propeller strike as defined by the engine manufacturer has occurred, it is
recommended that the turbocharger be removed and the compressor air and turbine exhaust path
inspected for FOD. Closely inspect the compressor and turbine blades for nicks or impact damage
and the compressor and turbine housing wall for evidence of contact or rubbing.

(a) Take an oil sample from the turbocharger oil drain reservoir or from the oil outlet line to determine
if the oil is contaminated with metal particles. If metal particles are found in this sample, overhaul
or replace the turbocharger.

(b) If evidence of contact or rubbing exists on the turbocharger compressor and turbine housing wall,
overhaul or replace the turbocharger.

(c) If FOD is found in the compressor inlet and turbine inlet and exit paths and/or damage to the
compressor or turbine blades are present, the turbocharger must be overhauled or replaced.
Refer to the appropriate airframe and engine manuals to remove the turbocharger.

(d) If FOD is found in the inlet or exit but there is no damage to the turbine blades, clean
components to remove the FOD and reassemble as required.

(e) If turbocharger has no FOD or other damage, inspect the complete turbocharger for general
condition and reinstall. Refer to CHAPTER 4 — INSPECTIONS.

(3) Reinstall the turbocharger per the appropriate airframe and engine manufacturers maintenance or
service instructions.

(a) Prelube the turbocharger per instructions in CHAPTER 6 — MAINTENANCE § 6.5.E, Pre-
Lubricating Turbocharger On Engine prior to starting the engine.
D. Lightning Strike
NOTE: Refer to the latest revision of Lycoming Engines SB 401 or Continental Motors SB88-9.

(1) If areport of a possible or actual lightning strike is made, inspect the aircraft for entry and exit points
for the lightning bolt to confirm that there was a strike.

(a) The points of entry or exit are generally on the aircraft extremities such as the wing tip, propeller
tips, spinner tip or the tips of tail surfaces.

(b) Commonly, the entry point is a single burn mark and the exit is several burn marks or burnt static
wicks.

(c) Components using ferrous parts may become magnetized even if no damage is evident from a
lightning strike. A check using the instrument below may be made with the turbocharger installed,
however if a magnetic reading is observed, it will show only that the area is magnetic. To confirm
the turbocharger is magnetic, it must be removed and checked again.

1) Check to see if is magnetized by use of a Magnetic Field Indicator (MFI) such as a Goodson
no. MFI-10010 or equivalent. The part is magnetic unless the MFI is reading zero.

2) If magnetic, the turbocharger must be demagnetized. Use of a Goodson no. SPD-46
demagnetizing table or other degaussing equipment is required. After degauss, check again
with the MFI for a zero indication. (Refer to www.goodson.com)

(2) If a strike is confirmed, remove the turbocharger.
(a) Inspect the turbocharger mounts, housing clamps, and V-band clamps for arc marks.
(b) Inspect the between the compressor and turbine blades and the housing walls for arc marks.
1) If there is any damage, overhaul or replace the turbocharger.

2) Use the appropriate airframe and engine manufacturers’ maintenance or service instructions
to accomplish this task.
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3) If there are no indications of arc marks or damage and check 2.4.D(1)(c) has been
performed, reinstall the turbocharger.

(c) Test run the engine per the POH or AFM and/or other engine/aircraft service documentation
before returning the aircraft to service.

(d) Make a logbook entry regarding the lightning strike and remedy.
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CHAPTER 3 - TURBOCHARGER TROUBLESHOOTING

3.1 Introduction to Troubleshooting

A. Too often, in the event of the malfunction of a turbocharged engine, the turbocharger is immediately
assumed to be at fault, and is replaced. Frequently the replacement unit soon fails, finally prompting
an investigation into the real cause of the initial failure. Such a sequence of events is both frustrating
and expensive. Hartzell Engine Tech’s (HET) stringent quality controls make it highly unlikely that
a turbocharger could leave the factory incorrectly assembled, or not up to specifications. A suspect
turbocharger would perform poorly almost from the moment of installation. But a turbocharger that has
operated successfully for a period of time, and then fails, almost invariably fails due to a deficiency in the
operation of the associated engine systems. Years of actual experience with service failures demonstrate
the major cause of turbocharger failures to be faulty lubrication systems. Abnormal wear in the bearings
or seals results from abrasives in the oil, or an insufficient supply of oil. Faulty or uncalibrated indication
systems also play a significant factor in the life of the turbocharger. Oil pressure, oil temperature, turbine
inlet temperature (TIT) and exhaust gas temperature (EGT) indicators and probes must be checked
routinely and serviced to assure that the turbocharger is properly working. Other systems, such as fuel
and ignition, can also play a part in causing engine troubles in which turbocharger system malfunction
is originally suspected. The overall objective of troubleshooting is to find the cause of trouble and take
corrective action to prevent a recurrence. Keep this objective in mind when determining whether anything is
actually wrong with the turbocharger system components, and just what is wrong, to enable repairs. Even
perfectly operational turbocharger system components cannot compensate for incorrect engine operating
procedures, for deficiencies in the engine oil supply, oil drain, ignition, air induction, fuel, or exhaust
systems, or for damaged engine internal components.

WARNING!

TURBOCHARGERS OPERATE AT HIGH SPEED AND HIGH TEMPERATURES. CAUTION
SHOULD BE USED AT ALL TIMES WHEN OPERATING TURBOCHARGERS TO AVOID
INJURY AND DAMAGE BY KEEPING FINGERS AND FOREIGN OBJECTS AWAY FROM
OPENINGS AND AVOIDING CONTACT WITH ITS HOT SURFACES AND OTHER HOT
CONNECTING PARTS. USE OF OSHA STANDARD SAFETY GLASSES, SHIELDS AND
PROTECTIVE CLOTHING IS REQUIRED.

3.2 Turbocharger System Description

A. The function of an aircraft turbocharger system is to maintain a desired manifold pressure at a given throttle
setting, regardless of varying conditions of ambient air temperature and pressure. With few exceptions,
the aircraft system comprises a turbocharger, a bypass valve, and one or more controllers. In most cases,
a direct-acting absolute pressure relief valve is also incorporated as a fail-safe feature in the event of
total control failure or to avert any tendency towards cold-start overboost. In the accompanying schematic
diagram (Figure 3.1) of a simplified aircraft turbocharger system, the flow of exhaust gasses, compressed
air, and pressurized engine oil can be clearly seen. Although this system features only one controller,
coupled with a butterfly-type exhaust bypass valve plus an absolute pressure relief valve, it is typical of
common aircraft systems. Controllers may be found in multiples, or combined in a common housing; but,
as they operate in parallel (though in response to differing stimuli), their actions on the system remain the
same as if only one controller were fitted.
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B.

Air Inlet === [[ == Exhaust Outlet

Exhaust Bypass

Pressure — ! Valve Assembly
Relief Valve ' (Wastegate)
l
Controller
* Engine
Oil to 1‘ Sump

\l !

Figure 3.1 — Simplified Schematic of
Aircraft Turbocharger System

The turbocharger compressor discharge pressure (upstream of the throttle) is regulated by controlling

the flow of exhaust gases through the turbocharger turbine. The exhaust gas flow is modulated by
diverting excess gas through an exhaust bypass valve of either a poppet-type, mounted directly on the
turbocharger turbine housing, or a butterfly design mounted on a diversion duct that bypasses the turbine
inlet. Both types are actuated by pressurized engine oil that first flows into the bypass valve actuator via

a restricting orifice or capillary tube, then out of the actuator into one or more controllers. Ultimately, the
now depressurized oil returns to the engine oil sump. Regardless of the type of controller used, when the
controller (within its parameters) senses insufficient compressor discharge pressure, a poppet valve in the
controller moves towards a closed position, thereby raising the oil pressure in the upstream, actuator side,
closing the bypass valve and forcing more exhaust gas through the turbocharger turbine. This raises the
turbine/compressor shaft speed, and consequently the compressor discharge pressure.

When the controller senses excessive compressor discharge pressure, the opposite action occurs. The
controller poppet opens, reducing upstream oil pressure, and permitting springs in the actuator cylinder
to open the bypass valve. Exhaust gases then bypass the turbine. The turbine/compressor shaft speed is
reduced and the compressor discharge pressure drops.
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3.3 Troubleshooting Procedures

A. An important rule of turbocharger system troubleshooting is to try to find the cause of engine malfunctions
before removing or disassembling the turbocharger system components: i.e., to leave the evidence
intact. For instance, if there are loose connections permitting leakage from the compressor, this can be
discovered only if the connections are checked for looseness before they are removed.

3.4 Sequence of Operations

A. The sequence of operations for troubleshooting, prescribed in this manual, can be summarized as follows:

(1)

()

@)

(4)

List the engine trouble that seems to be related to turbocharger-supplied air, and if applicable, the
specific flight conditions in which the malfunctions occurred, such as altitude, engine rpm, manifold
pressure, and fuel flow.

Carry out the systematic Pre-Troubleshooting Inspection in § 3.6 below, which may correct the
condition without further troubleshooting.

If the trouble persists, consult the text and/or the troubleshooting chart for the specific engine
conditions, narrow down the possible causes, and apply the specified remedy or remedies.

If the remedy of the chart in step (3), above, is to consult the troubleshooting chart for a specific
turbocharger system component condition, proceed to that chart and continue to trace the cause(s)
and apply the remedy or remedies. For instance, troubleshooting the Manifold Pressure Low
condition may eliminate other possible causes except Turbocharger Output Low or Operates
Sluggishly. Following the troubleshooting procedure for this condition may show that the turbocharger
itself lacks deficiency but lead to the conclusion that the Exhaust Bypass Valve Fails to Close or
Operates Sluggishly, thus leading the investigating mechanic to the troubleshooting chart for that
component malfunction. The troubleshooting chart for bypass valve failure to close may lead to the
discovery of a clogged inlet port orifice, or it may conclude that the command to close never reaches
the bypass valve from the controller. In this hypothetical case, the Controller Fails to Close Oil Flow
troubleshooting chart may help discover a leak in a sensing line to the controller, or foreign particles
in the oil in the controller, holding open an internal poppet valve. Simple flushing of the controller may
be the only remedy required for the controller. However, further investigation to find the source of the
foreign particles is now required.

NOTE: Troubleshooting charts for valves and controls may be found in the Troubleshooting section
of the HET Troubleshooting Reference Guide Aircraft Turbochargers, Valves & Controls
Reference Guide P/N 400888-0000.

3.5 List of Engine Troubles

A. The following is a list of engine troubles, or symptoms of malfunctions, related to the supplying of air
to the engine by the turbocharger. For each symptom there is a troubleshooting chart and a written
troubleshooting procedure. For example:

(1)
()
@)
(4)

Manifold pressure low or fluctuating, or aircraft cannot reach critical altitude.
Oil leakage into engine intake air or exhaust.
Engine overboosts.

Cabin loses pressure at altitude and partial power.
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3.6 Pre-Troubleshooting Inspection

A. The pre-troubleshooting inspection described below, and summarized in Table 3.1 (see page 3-7),
constitutes a thorough visual inspection capable of detecting and eliminating many possible causes of
malfunctions for which troubleshooting would otherwise be necessary. To prevent the entry of damaging
foreign matter into the system it is essential to examine each disconnected, removed, or replacement part
prior to reinstallation for cleanliness, foreign objects, and hardware security.

NOTE: Consult aircraft and engine manufacturer maintenance publications for procedures that use

(1)

an outside source of air pressure, and soap solution, to detect leaks in the air induction
system and exhaust system.

With the engine shut down, externally inspect all components of the air induction system for loose
connections, cuts, cracks, punctures, and corrosion or other evidence of deterioration that could
permit air leakage and the ingestion of damaging foreign matter. The components include the engine
air cleaner, ducting from the air cleaner to the turbocharger compressor inlet, ducting from the
compressor outlet to the engine intake manifold, and the intake manifold. Tighten loose connections
and repair or replace parts, as needed, per the aircraft and/or engine manufacturer maintenance
publications.

Inspect the air cleaner for a clogged element, and service per manufacturer instructions. If installed,
inspect the engine alternate air device. Check actuating device and assure that the door seals
correctly and unfiltered air does not leak into the induction system.

Check the engine crankcase breather for restrictions to air flow, and remove any restriction. Improper
positioning of the breather will cause back pressure or low pressure in the crankcase, refer to the
aircraft manufacturer’s maintenance manual for the breather position, angle and scarf.

Inspect the exhaust system for leakage, especially at the exhaust manifold connection to the
turbocharger turbine inlet and at the engine exhaust manifold gasket. Tighten connections as needed,
and replace damaged components in accordance with the engine manufacturer maintenance
publications.

NOTE: Exhaust gas leakage may be indicated by streaks of exhaust deposits at joints, and by
inside scorching of the nacelle.

Check for oil leakage at the connections to the turbocharger oil inlet and drain ports, and tighten
connections or replace gaskets, fittings, etc., as needed. Inspect for faulty check valves which can
allow oil to drain into the turbocharger center housing after shutdown, leading to turbocharger seal
leakage.

Check the oil supply and drain lines to and from the exhaust bypass valve and controller(s), and

any air pressure sensing lines, for leakage or vibration. Tighten connections and mounting bracket
attachments as needed. Also look for damage which might cause restriction, and repair or replace as
needed.

Check the oil drain line from the actuator drain port of the exhaust bypass valve for more than slight
leakage, or constant leakage. Temporarily disconnect the line if necessary. If there is such leakage,
disassemble the actuator and check for cylinder wall scoring. If there is no scoring, replace the
actuator piston packing in accordance with the engine manufacturer’s instructions for the specific
valve. If there is scoring, overhaul or replace the exhaust bypass.

NOTE: All valve and control repairs must be performed in accordance with Hartzell Engine Tech
Overhaul Manual Aircraft Valves and Controls P/N 400999-0000.
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(8)

(10)

(11)

(12)

(13)

Check for oil leakage from the controller(s), past the seal of the controller internal poppet. Significant
leakage is cause for overhaul or replacement of a controller.

(a) Such leakage may be detected at a compressor outlet sensing line to the controller, at a
low-pressure sensing port, or for a duct-mounted controller without a cover, by removing the
controller and inspecting the bellows area.

If the turbocharger system includes an absolute pressure relief valve, use a non-caustic cleaning
solvent and compressed air to remove any accumulation of debris that may tend to restrict bellows or
valve motion. Check the bolts and O-Ring on the mounting flange and tighten or replace as needed.

Use a non-caustic cleaning solvent and compressed air to remove any accumulated debris from the
cooling fins of a poppet-type exhaust bypass valve, or from the linkage of a butterfly-type exhaust
bypass valve. Clean the debris from any controller external linkage, but without solvent, to avoid loss
of lubricant from self-lubricating bearings.

WARNING!

OPERATION OF THE TURBOCHARGER WITHOUT ALL NORMALLY INSTALLED
INLET DUCTS AND FILTERS CONNECTED CAN RESULT IN INJURY TO
PERSONNEL AND DAMAGE TO EQUIPMENT FROM FOREIGN OBJECTS
ENTERING THE TURBOCHARGER.

CAUTION!

OPERATION OF THE ENGINE AT ANY SPEED FASTER THAN IDLE IMMEDIATELY
AFTER START-UP CAN RESULT IN OIL LAG FAILURE OF TURBOCHARGER
BEARINGS, ESPECIALLY IN COLD WEATHER OR AFTER A PROLONGED NON-
OPERATIVE PERIOD.

If feasible, operate the engine at a low partial power setting and listen for unusual turbocharger
noises. If a shrill whine is heard above the normal turbine whine, indicating imminent turbocharger
bearing failure, shut down immediately.

(a) If this condition is present, the Bearing Clearance Inspection must be performed. Refer to § 4.3.

Remove the air duct from the turbocharger compressor inlet and inspect the compressor wheel and
compressor housing for damage to wheel blades, indicating rubbing on the compressor housing,
erosion by ingestion of dirt and sand, or impact with foreign objects. Also look for a heavy buildup

of oil and dirt, indicating seal leakage; remove any foreign matter. Rotate the wheel by hand while
pressing the rotating assembly toward the turbine end of the turbocharger. Rock shaft sideways and
up and down. There should be no binding, rubbing, or other interference with free rotation. If none of
the above defects is found, securely reconnect the air duct to the compressor inlet.

Disconnect the exhaust ducting from the turbine outlet and examine the turbine wheel blades for
damage. Rotate the wheel by hand while pressing the rotating assembly toward the compressor
end of the turbocharger; also rock shaft sideways. Look for oil in the turbine wheel and its housing
indicative of seal leakage, and check for evidence of the wheel rubbing on the housing. Remove
any foreign matter. If none of the above defects is found, securely reconnect the exhaust duct to the
turbine outlet.

(a) If any listed conditions were found in steps (12) and (13), see the troubleshooting procedures
for Turbocharger Seal Leakage at Compressor End (§ 3.10.D, Table 3.8) or Turbocharger Seal
Leakage at Turbine End (§ 3.10.E, Table 3.9), or Turbocharger Rotating Assembly Binding or
Dragging in Table 3.6. Also perform the Bearing Clearance Inspection in § 4.3.
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(14) If the compressor wheel or turbine wheel has suffered foreign object damage, clean or repair the air
induction system or engine exhaust system, as needed, before installing a replacement or overhauled
turbocharger.

(15) If there was turbocharger seal leakage, troubleshooting the condition Turbocharger Seal Leakage at
Compressor End (§ 3.10.D, Table 3.8) or Turbocharger Seal Leakage at Turbine End (§ 3.10.E, Table
3.9) as applicable.

(16) All V-Band couplings associated with the turbocharger installation must be inspected for damage,
condition, and corrosion. Damage to the T-bolt, T-bolt threads, nut, or band segments, including
outside band and spot welds are not permitted. Observe Cessna T206H Maintenance Manual
Chapter 5-10-01 and 78-10-01 for VV-Band coupling inspection criteria or other OEM equivalent
instruction regarding V-Band inspection.

(17) If the turbocharger system is being operated in a contaminant rich environment such as in or near
salt water, dust, or high air pollution, inspection requirements will be more frequent. For example, if
operating in or near saltwater, inspection and cleaning of the engine and engine compartment may
occur after each flight.

3.7 Troubleshooting Engine Symptoms

A.

Each of the engine conditions named under Listing Engine Troubles (§ 3.5), has a troubleshooting chart
to match, and is further explained below. Neither the text nor the charts, however, should be regarded

as covering every possible cause. Rather, this information is primarily representative of the approach to
be employed in troubleshooting a turbocharged engine malfunction. Those troubleshooting operations
which can be performed most quickly and easily should be accomplished first. Removal or disassembly
should be postponed, for the most part, until all in-place inspections have been performed. Below, is a list
of troubleshooting procedure notes which are referred to in the troubleshooting charts as supplementary
information.

3.8 Troubleshooting Procedure Notes

A.

A new turbocharger may smoke for a short period of perhaps 30 minutes, until factory oil coatings are
consumed.

Check for oil leakage past the seal of the controller internal poppet, at a compressor outlet air sensing line
to the controller; at other air-sensing lines or ports; or, for a duct-mounted controller without a cover, by
removing the controller and inspecting the bellows area. Repair or replace.

Examine engine operating and maintenance procedures to detect departures from accepted practices and
standards. Review the applicable portions of the engine manufacturer maintenance publications, and the
precautions found in CHAPTER 6 — MAINTENANCE, § 6.4.F of this manual.

Inspect the interior of the turbocharger center housing by removing the oil drain and looking in through
the oil drain opening. When a sludged or coked condition exists, carbon builds up heavily on the shaft,
between the bearing journals, on the walls of the housing from the oil drain opening back to the turbine
end, and on the turbine-end piston ring seal.

Detect abnormal wear in the turbocharger shaft bearings, journals, or bearing bores by performing the
Bearing Clearance Inspection in § 4.3 of this manual. Replace worn turbocharger.

With the air inlet and exhaust outlet ducting separated from the turbocharger, look for blade damage to the
compressor wheel or turbine wheel. Examine the outer blade tip edges for evidence of rubbing on adjacent
housing surfaces, using a light to see the turbine wheel blade tips from the housing outlet. Rotate the
wheels by hand while pressing the rotating assembly toward each end, and then sideways. There should
be no binding, rubbing, or other interference with free rotation.
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Table 3.1 — Summary of Pre-Troubleshooting Inspection

System / Location Problem to be Found and Corrected
Air Induction System Air leaks, loose connections, damage, deterioration.
Engine Air Cleaner Clogging.
Alternate Air Device Leaking air, door not fully closed.
Crankcase Breather Restriction, position, angle, and scarf of breather.
Exhaust System Leaks, especially at exhaust manifold connections to turbocharger
and to engine (gasket).
Turbocharger Oll Oil leaks, loose connections, bad gaskets, fittings, check valves.

Bypass Valve and Controller Oil Lines, | Leaks, vibrations.
Sensing Lines, and Their Brackets

Bypass Valve Actuator Oil leakage due to twisted or damaged piston packing
due to cylinder scoring or dirt.
Controller a. Oil leakage past seal of internal poppet.

b. Air leaks at any place in signal lines.
c. Oil pressure variations.

Exterior of Bypass Valve or Controller | Accumulated debris on cooling fins of poppet-type bypass valve,
or on linkage of butterfly-type bypass valve, or on any external
controller linkage.

Turbocharger With engine running, shrill whine above normal whine - shut engine
down and check turbocharger bearing clearance.

Compressor Wheel or Turbine Wheel Indication of seal leakage, wheel damage or rubbing, binding, or
dragging. (For any of these defects, check turbocharger bearing
clearance and troubleshoot as applicable. For foreign object
damage, also clean and repair air system or exhaust system).
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3.9 Troubleshooting Tables

A. Manifold Pressure Low or Fluctuating, or Aircraft Cannot Reach Critical Altitude (see Table 3.2)

(1) Any of the symptoms listed together here can indicate that not enough compressed air is consistently
reaching the engine from the turbocharger to maintain required manifold pressure. Some of the
possible causes and remedies are as follows:

(@)

(b)

(c)

(e)

Loose connections or other leakage in the exhaust system would reduce the energy available
to drive the turbine which turns the compressor wheel. Leakage in the air induction system
downstream of the compressor would reduce the mass of air actually getting to the combustion
chamber. Either of these types of leakage should have been detected in carrying out the Pre-
Troubleshooting Inspection procedure in § 3.6.

Restrictions in the air ducting or in the exhaust system, either upstream or downstream of the
turbocharger, obviously must affect the compression and flow of air to the engine. The Pre-
Troubleshooting Inspection procedure includes a check of the air cleaner for restriction. As

the troubleshooting chart indicates, the air ducts between the air cleaner and the compressor,
and between the compressor and the engine intake manifold, as well as the exhaust system
downstream of the turbocharger, must be examined for restrictions. Remove any restrictions
and repair or replace damaged parts as needed. Correct any restrictions in the engine intake or
exhaust manifold per the engine manufacturer maintenance publications.

Manifold pressure will not reach required levels if the system includes a pressure relief valve
which opens at too low a pressure. See the troubleshooting procedure found in Troubleshooting
Reference Guide Aircraft Turbochargers, Valves & Controls Reference Guide P/N 400888-0000
for this condition.

Malfunctions in the engine ignition or fuel system can, of course, also affect the efficiency of the
air-fuel combustion. Correct them per the engine manufacturer maintenance publication.

If the troubleshooting procedure eliminates the other possible causes, it may be that the
turbocharger is just not supplying a sufficient mass of air, for some reason apart from the
causes already eliminated. See the troubleshooting procedure for Turbocharger Output Low or
Operates Sluggishly in § 3.10.A, which examines causes which include possible defects in the
turbocharger system as well as other sources of trouble.

AF3001
Rev. New: 03 March 2025 73-10-00
Page 3-8 © 2025 - Hartzell Engine Tech - All rights reserved



Aircraft Turbocharger
Maintenance Manual

AEROFORCE

BY HARTZELL ENGINE TECH

Table 3.2 — Troubleshooting

Remedies *

Possible Causes

Restriction in Duct Between Air
Cleaner & Engine Intake Manifold

Symptom or Trouble

Restriction in Engine Exhaust
System After Turbocharger

Restriction in Engine Intake or
Exhaust Manifold

Pressure Relief Valve Opens at

Manifold Pressure Low | 100 Low a Pressure

of Fluctuating

Engine Malfunction, Ignition or
Fuel System

Turbocharger Output Low or
Operates Sluggishly

Engine Oil Pressure Low

Controller or Wastegate Dirty
and/or Sticking

Remove Restriction or Replace Damaged Parts
As Needed

Remove Restriction or Replace Damaged Parts
As Needed

Refer to Engine Manufacturer Maintenance
Publications

See Troubleshooting Chart in Troubleshooting
Reference Guide Aircraft Turbochargers, Valves
& Controls Reference Guide P/N 400888-0000
for this condition

Refer to Engine Manufacturer Maintenance
Publications

See Troubleshooting Chart in § 3.10.A,
Table 3.5 for this condition

Refer to Engine Manufacturer Maintenance
Publications

Clean or Replace As Necessary

Restriction in Duct Between Air
Cleaner & Engine Intake Manifold

Restriction in Engine Exhaust
System After Turbocharger

Restriction in Engine Intake
or Exhaust Manifold

Pressure Relief Valve Opens at

Aircraft Cannot Reach | 100 Low a Pressure
Critical Altitude
Engine Malfunction, Ignition or
Fuel System

Turbocharger Output Low or
Operates Sluggishly

Engine Oil Pressure Low

Controller or Wastegate Dirty

and/or Sticking

Remove Restriction or Replace Damaged Parts
As Needed

Remove Restriction or Replace Damaged Parts
As Needed

Refer to Engine Manufacturer Maintenance
Publications

See Troubleshooting Chart in Troubleshooting
Reference Guide Aircraft Turbochargers, Valves
& Controls Reference Guide P/N 400888-0000
for this condition

Refer to Engine Manufacturer Maintenance
Publications

See Troubleshooting Chart in § 3.10.A,
Table 3.5 for this condition

Refer to Engine Manufacturer Maintenance
Publications

Clean or Replace As Necessary

** Chart assumes the Pre-Troubleshooting Inspection has been performed as summarized in Table 3.1 on page 3-7.
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B. Oil Leakage (See Table 3.3)

(1)

The Turbocharger system is a possible source of oil leaks because it is connected to the engine
lubricating oil system for lubricant/coolant in the turbocharger directly, and for power fluid in the
exhaust bypass valve and controller(s). Pre-Troubleshooting Inspection (§ 3.6) includes checks for

oil leakage at oil supply and drain lines and connections, and eliminates several possible defects
which can help to cause oil leakage from the turbocharger system components: a clogged air cleaner,
loose connections on the duct from the compressor to the intake manifold, and leakage at the intake
manifold. Some other possible causes and remedies are as follows:

(@)

(b)

(c)

(d)

(e)

(f)

(9)

(h)

If the engine idles too slowly, the turbocharger may not turn, allowing oil to leak past the
compressor seal during idle and appear as blue smoke in the exhaust. Increase idle speed
slightly to stop smoking. A new turbocharger may smoke for perhaps 30 minutes until factory oil
coatings are consumed.

If the wrong type or viscosity of oil, or unauthorized oil additives, are being used in the engine
lubrication system, service the system per the engine manufacturer maintenance publications.

If the engine crankcase is improperly vented, correct per engine manufacturer maintenance
publications.

The Pre-Troubleshooting Inspection procedure checks for air cleaner restriction, which can cause
oil to be drawn past the turbocharger seal at the compressor end. Also remove any restriction in
the duct between the air cleaner and the turbocharger, and replace damaged parts as needed.

Restrictions in oil drainage may raise the oil level in the turbocharger center housing and cause
seal leakage. As the troubleshooting chart suggests, check for a restriction or a faulty check
valve in the turbocharger oil drain line. Remove such a restriction or replace damaged parts as
needed.

If there is turbocharger seal leakage at either the turbine end or compressor end even after other
possible causes mentioned in steps a, b, and ¢ have been eliminated, see the troubleshooting
chart for the seal leakage condition.

If a controller is discovered to be constantly leaking oil past the seal of the internal poppet,
overhaul or replace the controller, in accordance with the procedures outlined in Overhaul
Manual Aircraft Valves and Controls P/N 400999-0000. Detect such leakage at a compressor
outlet sensing line to the controller, at a low-pressure sensing port, or, for a duct-mounted
controller without a cover, by removing the controller and inspecting the bellows area.

Oil in the exhaust system upstream of the turbocharger indicates an engine malfunction such as
problems with rings, pistons, or valves. Correct these conditions per the engine manufacturer
maintenance publications.
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Table 3.3 — Troubleshooting

Possible Causes

Remedies *

Symptom or Trouble

At Too Slow Idle, Turbocharger Won't
Turn, Compressor Seal Leaks Oil
Seen As Blue Smoke **

Engine Oil Wrong Type or Viscosity,
or Unauthorized Oil Additives

Engine Crankcase Improperly Vented
Restriction in Duct Between Air
Cleaner and Turbocharger

Restriction or Faulty Check Valve in
Turbocharger Qil Drain Line

Oil Leakage

Turbocharger Seal Leakage at
Compressor End

Turbocharger Seal Leakage at
Turbine End

Controller Leaking Oil Past Seal of
Internal Poppet

Engine Malfunction Allowing Oil in
Exhaust (Rings, Pistons, Valves, Etc.)

Try Faster Idle to Clear Up Smoking

Service Per Engine Manufacturer
Maintenance Publications

Refer to Engine Manufacturer
Publications

Remove Restriction or Replace
Damaged Parts As Needed

Remove Restriction or Replace
Damaged Parts As Needed

See Troubleshooting Chart in
§3.10.D, Table 3.8 for this condition

See Troubleshooting Chart in
§3.10.E, Table 3.9 for this condition

Overhaul or Replace Controller

Refer to Engine Manufacturer
Maintenance Publications

** Chart assumes the Pre-Troubleshooting Inspection has been performed as summarized in Table 3.1 on page 3-7.
** A new turbocharger may smoke for a short period of perhaps 30 minutes, until factory oil coatings are consumed.
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C. Engine Overboots (See Table 3.4)
(1)

Overboost, or excessive manifold pressure, can result if the control system malfunctions, and
continues until the pilot takes corrective action or the malfunction is overcome.

WARNING!

IF ENGINE IS KNOWN TO HAVE OVERBOOSTS, CONSULT ENGINE
MANUFACTURER’'S INSTRUCTIONS (REFER TO LYCOMING ENGINES SB
369 AND CONTINENTAL AEROSPACE TECHNOLOGIES M-0 MANUAL) FOR
INSPECTION(S) REQUIRED BEFORE ENGINE MAY BE OPERATED AGAIN.

(a) Some engines include a pressure relief valve in the turbocharger system, preset to crack
open when compressor discharge pressure reaches a value slightly above the rated manifold
pressure. If this relief valve fails to open, overboost can occur. See the troubleshooting chart
for Pressure Relief Valve Fails to Open in the HET Troubleshooting Reference Guide Aircraft
Turbochargers, Valves & Controls Reference Guide P/N 400888-0000.

(b) In some systems, a safeguard against overboost is the rate controller, or the rate section of a
rate/absolute dual controller, which opens the exhaust bypass valve when there is an excessive
rate of increase in compressor discharge pressure, as during a too-rapid throttle advance.

If the exhaust bypass valve has failed to open, the troubleshooting chart Exhaust Bypass

Valve Fails To Open in the Troubleshooting Reference Guide Aircraft Turbochargers, Valves &
Controls Reference Guide P/N 400888-0000 may possibly point the way to a malfunctioning rate
controller.

D. Cabin Loses Pressure at Altitude and Partial Power (See Table 3.4)

(1)

If the aircraft cabin loses pressure at altitude but manifold pressure is adequate, then the aircraft
controls for cabin pressure may have malfunctioned, and may require repair per the manufacturer’s
instructions. Insufficient cabin pressure at partial power, however, can indicate that the turbocharger
may not be supplying air at sufficient pressure for the cabin pressure system. The troubleshooting
chart Turbocharger Output Low or Operates Sluggishly (§ 3.10.A) helps to pinpoint possible causes
and remedies for this condition. One such cause may be an exhaust bypass valve that fails to close
properly because its controller is out of adjustment.

Table 3.4 — Troubleshooting

Symptom or Trouble Possible Causes Remedies *

See Troubleshooting Chart in

Pressure Relief Valve Fails Troubleshooting Reference Guide Aircraft
To Open Turbochargers, Valves & Controls Reference
Guide P/N 400888-0000 for this condition

Engine Overboosts

See Troubleshooting Chart in
Exhaust Bypass Valve Fails Troubleshooting Reference Guide Aircraft

To Open Turbochargers, Valves & Controls Reference
Guide P/N 400888-0000 for this condition
Aircraft Cabin Pressure Refer to the Aircraft Manufacturer
Controls Malfunction Maintenance Publications
Cabin Loses Pressure at
Altitude and Partial Power | Turbocharger Output Low See Troubleshooting Chart in § 3.10.A,
or Operates Sluggishly Table 3.5 for this condition

** Chart assumes the Pre-Troubleshooting Inspection has been performed as summarized in Table 3.1 on page 3-7.
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3.10 Troubleshooting Turbocharger Symptoms

A. Turbocharger Output Low or Sluggish Operation (See Table 3.5)

(1)

The condition of Turbocharger Output Low or Operates Sluggishly is listed as a possible cause in two
engine troubleshooting procedures, each of which includes Pre-troubleshooting Inspections, so that a
number of possible causes of turbocharger insufficiency may be investigated and eliminated. These
causes include: loose connections or other leaks in the air induction or engine exhaust systems;
restriction in the air cleaner; engine alternate air systems leaking or partially open; observable
damage to, or foreign material lodged in, the compressor wheel or turbine wheel; and discernible
binding or dragging of the turbocharger rotating assembly. Other possible causes and remedies are
as follows:

(@)

(b)

(c)

(d)

(e)

(f)

Turbocharger output may be low because the exhaust bypass valve fails to close, and instead
allows too much of the exhaust gas to bypass the turbine. Early detection of this condition and
troubleshooting under Exhaust Bypass Valve Fails to Close or Operates Sluggishly can save
much troubleshooting time and effort (found in the HET Troubleshooting Reference Guide Aircraft
Turbochargers, Valves & Controls Reference Guide P/N 400888-0000).

Restrictions in the air ducting between the air cleaner and the turbocharger would reduce the
volume of air entering the compressor, and restrictions in the duct between the compressor
and the engine intake manifold would hinder the delivery of compressed air to the engine.
Alternate air devices which are leaking due to their inlet doors being partly open or not rigged
to properly close. This will allow unfiltered air, usually at a lower pressure, to reduce the volume
of air entering the compressor. Also, any restriction in the engine exhaust system downstream
of the turbocharger turbine would affect the flow of exhaust gas through the turbine to drive the
compressor. For any of the restrictions listed in this step, remove the restriction and replace
damaged parts as needed.

In the case of restrictions in the engine intake or exhaust manifolds, correct the condition per the
engine manufacturer maintenance publications.

A heavy buildup of carbon deposits behind the turbine wheel can be a hindrance to rotation, and
requires disassembly and overhaul or replacement of the turbocharger. The condition is also a
good reason to review engine operation and maintenance procedures, if they result in excessive
unburned hydrocarbons in the exhaust or oil in the turbine housing.

Faulty operation or improper maintenance of the engine can also cause heavy sludging or coking
in the turbocharger center housing, with hindrance of rotation and added wear on bearings
among its negative effects. Inspect the interior of the center housing by removing the oil drain
and looking in through the oil drain opening, removing the turbocharger if necessary. When a
sludged or coked condition exists, sludge builds up heavily on the shaft between the bearing
journals, on the wall of the housing from the oil drain opening back to the turbine end, and on the
turbine-end piston ring seal. This condition requires overhaul of the turbocharger as needed and
a complete servicing of the engine lubricating oil system components supplying and draining the
turbocharger.

If there is suspicion of abnormal wear in the turbocharger bearings, perform the Bearing
Clearance Inspection in § 4.3. Failure to pass this inspection calls for overhaul or replacement of
the turbocharger after seeking causes of wear in the troubleshooting procedure, Turbocharger
Shaft Bearings, Journals, or Bearing Bores Worn in § 3.10.C, Table 3.7.
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Table 3.5 — Troubleshooting

Remedies *

Possible Causes

Symptom or Trouble

Turbocharger Output Low or
Operates Sluggishly

Exhaust Bypass Valve Fails To
Close, Or Operates Sluggishly

Restriction in Duct Between Air
Cleaner and Turbocharger

Restriction in Duct Between
Compressor & Engine Intake
Manifold

Restriction in Engine Exhaust
System After Turbocharger

Restriction in Engine Intake or
Exhaust Manifold

See Troubleshooting Chart in
Troubleshooting Reference Guide
Aircraft Turbochargers, Valves &
Controls Reference Guide P/N
400888-0000 for this condition

Remove Restriction or Replace
Damaged Parts As Needed

Remove Restriction or Replace
Damaged Parts As Needed

Remove Restriction or Replace
Damaged Parts As Needed

Refer to Engine Manufacturer
Maintenance Publications

Heavy Carbon Buildup Behind

Turbine Wheel ** Overhaul Turbocharger As Needed

Heavy Sludge or Coking in Center
Housing **, ***

Overhaul Turbocharger As Needed,
Service Engine Lube System

See Troubleshooting Chart
in § 3.10.C, Table 3.7 for this
condition

Turbocharger Shaft Bearings,
Journals, or Bearing Bores Worn ¢

*** Chart assumes the Pre-Troubleshooting Inspection has been performed as summarized in Table 3.1 on page 3-7.

*** Examine engine operating and maintenance procedures to detect departures from accepted practices and standards. Review
the applicable portions of the engine manufacturer maintenance publications, and the precautions found in Special Operating
Procedures in § 6.1.F of this manual.

*** Inspect the interior of the turbocharger center housing by removing the oil drain and looking in through the oil drain opening.
When a sludged or coked condition exists, sludge builds up heavily on the shaft, between the bearing journals, on the walls of
the housing from the oil drain opening back to the turbine end, and on the turbine-end piston ring seal.

¢ Detect abnormal wear in the turbocharger shaft bearings, journals, or bearing bores by performing the Bearing Clearance
Inspection in § 4.3 of this manual. Replace worn turbocharger.
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B. Turbocharger Rotating Assembly Binding or Dragging (See Table 3.6)

(1)

Binding or dragging of the turbocharger rotating assembly may be detected visually, by removing the
air duct from the compressor inlet or the exhaust duct from the turbine outlet, and looking for wheel
damage or rubbing. This symptom may also be detected by hearing the sound, or by feeling the drag
while manually turning the rotating assembly. Possible causes and remedies are as follows:

(a) To detect hindrances to rotation in the compressor or turbine housings, remove the air duct from
the turbocharger compressor inlet, and the exhaust duct from the turbine outlet and inspect the
compressor wheel and turbine wheel, and their housings, and proceed as follows:

(b)

1)

2)

3)

If there is compressor wheel or turbine wheel damage from a foreign object, clean and
repair the air induction system or engine exhaust system respectively, as needed, and try to
determine the source of the foreign object to prevent a recurrence. Overhaul or replace the
turbocharger.

If there is evidence of the compressor wheel or turbine wheel rubbing on the housing,
perform the Bearing Clearance Inspection in § 4.3 of this manual. If the bearings do

not pass this inspection, determine the cause of wear by troubleshooting the condition,
Turbocharger Shaft Bearings, Journals, or Bearings Bores Worn, and overhaul or replace
the turbocharger.

If there is heavy carbon buildup behind the turbine wheel, overhaul the turbocharger as
needed, and examine the engine operation and maintenance procedures for departures
from accepted practices and standards.

To detect heavy sludge or coking in the turbocharger, remove the oil drain from the center
housing and look in through the oil drain opening, removing the turbocharger if necessary. When
a sludged or coked condition exists, sludge builds up heavily on the shaft between the bearing
journals, on the wall of the housing from the oil drain opening back to the turbine end, and on
the turbine-end piston ring seal. For this condition, overhaul or replace the turbocharger and
completely service the engine lubricating oil system. Also examine the engine operation and
maintenance procedures for departures from accepted practices and standards.
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Symptom or Trouble

Table 3.6 — Troubleshooting

Possible Causes

Remedies *

Turbocharger Rotating Assembly
Binding or Dragging *

Compressor Wheel Damaged by
Foreign Object **, ***

Turbine Wheel Damaged by Foreign
Object **

Compressor Wheel or Turbine Wheel
Rubbing on Housing **

Heavy Carbon Buildup Behind
Turbine Wheel ¢

Heavy Sludge or Coking in Center
Housing ¢, t

Clean and Repair Air Induction
System As Needed, Overhaul
Turbochargers

Clean and Repair Exhaust

System As Needed, Overhaul
Turbochargers

See Table 3.7 Turbocharger Shaft
Bearings, Journals or Bearing Bores
Worn

Overhaul Turbocharger As Needed

Overhaul Turbocharger, Service
Engine, Lube System

turbocharger.

Procedures in § 6.1.F of this manual.

* Chart assumes the Pre-Troubleshooting Inspection has been performed as summarized in Table 3.1 on page 3-7.

** With the air inlet and exhaust outlet ducting separated from the turbocharger, look for blade damage to the compressor wheel
or turbine wheel. Examine the outer blade tip edges for evidence of rubbing on adjacent housing surfaces, using a light to see
the turbine wheel blade tips from the housing outlet. Rotate the wheels by hand while pressing the rotating assembly toward
each end, and then sideways. There should be no binding, rubbing, or other interference with free rotation.

*** Thoroughly clean the air induction and exhaust system following compressor wheel damage by foreign object impact. Change
the air cleaner element so that any metal pieces embedded in the air cleaner element are not drawn into the replacement

¢+ Examine engine operating and maintenance procedures to detect departures from accepted practices and standards. Review
the applicable portions of the engine manufacturer maintenance publications, and the precautions found in Special Operating

T Inspect the interior of the turbocharger center housing by removing the oil drain and looking in through the oil drain opening.
When a sludged or coked condition exists, sludge builds up heavily on the shaft, between the bearing journals, on the walls of
the housing from the oil drain opening back to the turbine end, and on the turbine-end piston ring seal.
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C. Turbocharger Shaft Bearings, Journals, or Bearing Bores Worn (See Table 3.7)

(1) Suspected abnormal wear in the turbocharger shaft bearings, journals, or bearing bores can be
readily confirmed by performing the Bearing Clearance Inspection in § 4.3 of this manual. It is
imperative to detect and eliminate the cause of such failure before a replacement turbocharger is
installed. Abnormal wear in the bearings results from abrasives in the oil, or from an insufficient
supply of oil. Examine engine operation and maintenance procedures for departures from accepted
practices and standards.

(2) These are some of the possible causes of bearing wear, and their remedies:

(a) If there is a restriction or faulty check valve in the oil supply line to the turbocharger, remove the
restriction or replace damaged parts, as needed.

(b) If the engine oil is contaminated or of improper grade or type, or if the engine oil filter is clogged,
provide service for the engine lubricating oil system in accordance with the manufacturer
maintenance publications.

(c) If a malfunction of the engine lubricating oil system causes an insufficient oil supply to the
turbocharger, correct the condition per engine manufacturer maintenance publications.

(d) Check whether the turbocharger was properly pre-lubricated at installation, or at the most recent
servicing of the engine lubricating system. See § 6.1.E of this manual for the procedure, Pre-
lubricating Turbocharger on Engine.

(e) If engine speed and load is increased above idle before oil pressure has built up to at least the
minimum level prescribed by the engine manufacturer, the oil lag may damage the turbocharger.
See the engine operating precautions under Special Operating Procedures in § 6.1.F of this
manual.

(f) Improper operation, especially overheating, may produce carbonized or “coked” particles in the
oil, abrasive enough to cause direct wear of the turbocharger bearing surfaces. The lubricating
system must be serviced per engine manufacturer maintenance publications before installing a
replacement turbocharger.
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Symptom or Trouble

Table 3.7 — Troubleshooting

Remedies *

Turbocharger Shaft Bearings,
Journals, or Bearing Bores Worn **

Possible Causes

Restriction or Faulty Check Valve In
Oil Supply Line To Turbo

Contaminated or Improper Grade Or
Type of Engine Lube Oil

Clogged Engine Qil Filter

Insufficient Oil Supply To Turbo, Due
To Engine Lube System Malfunction

Inadequate Prelube At Turbo.
Installation or at Engine Lube System
Servicing

Insufficient Oil Supply to Turbo

Due To Qil Lag ***

Abrasive Wear From Coked Particles
in Center Housing

Remove Restriction Or Replace
Damaged Parts As Needed

Service Per Engine Manufacturer
Maintenance Publications

Refer to Engine Manufacturer
Maintenance Publications

Refer To Engine Manufacturer
Maintenance Publications

Follow Pre-Lube Instructions in
§6.1.E

Follow Engine Operating
Procedures

Service Lube System Per Engine
Manufacturer Maintenance
Publications

*

Chart assumes the Pre-Troubleshooting Inspection has been performed as summarized in Table 3.1 on page 3-7.

*** Detect abnormal wear in the turbocharger shaft bearings, journals, or bearing bores by performing the Bearing Clearance
Inspection in § 4.3 of this manual. Replace worn turbocharger.

*** Examine engine operating and maintenance procedures to detect departures from accepted practices and standards. Review
the applicable portions of the engine manufacturer maintenance publications, and the precautions found in Special Operating
Procedures in § 6.1.F of this manual.
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D. Turbocharger Seal Leakage at Compressor End (See Table 3.8)

(1)

()

Several conditions can cause turbocharger seal leakage at the compressor end of the rotating
assembly by drawing or forcing oil past this seal. They either contribute to a higher-than-normal
pressure outside the housing, or raise the level of oil within the housing to encourage oil loss past the
seal. Or a worn or damaged compressor wheel and/or worn turbocharger shaft bearings may cause
motion and wear at the seal.

These are some possible causes and remedies:

(a)

(b)

(c)

(d)

(e)

(f)

(9)

(h)

If the engine air cleaner element is clogged, inspect and service the air cleaner per the engine
manufacturer maintenance publications.

If there is a restriction or faulty check valve in the turbocharger oil drain line, remove the
restriction or replace damaged parts as needed.

If there is a restriction in the duct between the air cleaner and the turbocharger compressor
intake, remove the restriction or replace damaged parts as needed.

A malfunction in the oil scavenge pump or the drain sump may cause oil backup in the
turbocharger center housing. Correct such conditions per the engine manufacturer maintenance
publications.

If there is a restriction in the engine crankcase breather, detect and eliminate the condition per
the engine manufacturer maintenance publications.

If compressor wheel damage or wear is present to contribute to seal leakage, clean and repair
the air induction system, as needed, and overhaul or replace the turbocharger.

If the turbocharger shaft bearings, journals, or bearing bores are worn (to the extent of not
passing the Bearing Clearance Inspection in § 4.3 of this manual), determine the cause of wear
by troubleshooting this condition before overhauling or replacing the turbocharger.

If there is an engine malfunction such as piston blow-by or too high internal crankcase pressure,
correct the condition per the engine manufacturer maintenance publications.
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Table 3.8 — Troubleshooting

Symptom or Trouble Possible Causes Remedies *

. Service Per Engine Manufacturer
Air Cleaner Element Clogged Maintenance Publications
Restriction or Faulty Check Valve Remove Restriction or Replace
In Turbo. Qil Drain Line Damaged Parts As Needed
Restriction in Duct Between Air Remove Restriction or Replace
Cleaner and Turbocharger Damaged Parts As Needed
Malfunction In Oil Scavenge Refer To Engine Manufacturer
Turbocharger Seal Leakage, Pump Or Drain Sump Maintenance Publications
Leakage at Compressor End Restriction in Engine Crankcase Refer to Engine Manufacturer
Breather Maintenance Publications
Worn or Damaged Compressor Clean and Repair Air Induction
Wheel **, *** System As Needed, Overhaul Turbo
Turbocharger Shaft Bearings, See Troubleshooting Chart § 3.10.C,
Journals, or Bearing Bores Worn ¢ Table 3.7 for this condition
Engine Malfunction, Piston Blowby or | Refer To Engine Manufacturer
High Internal Crankcase Pressure Maintenance Publications

*** Chart assumes the Pre-Troubleshooting Inspection has been performed as summarized in Table 3.1 on page 3-7.

*** With the air inlet and exhaust outlet ducting separated from the turbocharger, look for blade damage to the compressor wheel
or turbine wheel. Examine the outer blade tip edges for evidence of rubbing on adjacent housing surfaces, using a light to see
the turbine wheel blade tips from the housing outlet. Rotate the wheels by hand while pressing the rotating assembly toward
each end, and then sideways. There should be no binding, rubbing, or other interference with free rotation.

*** Thoroughly clean the air induction and exhaust system following compressor wheel damage by foreign object impact. Change
the air cleaner element so that any metal pieces embedded in the air cleaner element are not drawn into the replacement
turbocharger.

¢ Detect abnormal wear in the turbocharger shaft bearings, journals, or bearing bores by performing the Bearing Clearance
Inspection in § 4.3 of this manual. Replace worn turbocharger.
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E. Turbocharger Seal Leakage at Turbine End (See Table 3.9)

(1)

Most of the possible causes considered here for turbocharger seal leakage at the turbine end of the
rotating assembly tend to raise the level of the oil within the turbocharger center housing, or to affect
the relative pressures on the internal and external sides of the seal. There is also the possibility

of seal damage or wear if the turbine wheel is worn or damaged, or shaft bearings have worn
abnormally. These are some possible causes and remedies:

(@)

(b)

(c)

(d)

(e)

(f)

(¢))

(h)

Check whether the turbocharger was pre-lubricated excessively, and follow the instructions for
Pre-lubricating Turbocharger on Engine in § 6.1.E of this manual.

If there is a restriction in the engine crankcase breather, detect and eliminate the condition per
the engine manufacturer maintenance publications.

If there is a restriction or faulty check valve in the turbocharger oil drain line, remove the
restriction or replace damaged parts as needed.

A malfunction in the oil scavenge pump or the drain sump may cause oil backup in the
turbocharger center housing; correct such conditions per the engine manufacturer maintenance
publications.

If turbine wheel damage or wear is present to contribute to seal leakage, clean and repair the
exhaust system, as needed, and overhaul or replace the turbocharger.

To detect heavy sludge or coking in the turbocharger, remove the oil drain from the center
housing and look in through the oil drain opening. Remove the turbocharger if necessary. When
a sludge or coked condition exists, sludge builds up heavily on the shaft, between the bearing
journals, on the walls of the housing from the oil drain opening back to the turbine end, and on
the turbine-end piston ring seal. For this condition, overhaul the turbocharger and completely
service the engine lubricating oil system. Also review engine operation and maintenance
procedures for departures from accepted practices and standards.

If the turbocharger shaft bearings, journals, or bearings bores are worn (to the extent of
the not passing the Bearing Clearance Inspection of § 4.3, determine the cause of wear by
troubleshooting this condition before overhauling or replacing the turbocharger.

If there is an engine malfunction such as piston blow-by or too high internal crankcase pressure,
correct the condition per the engine manufacturer maintenance publications.
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Table 3.9 — Troubleshooting

Symptom or Trouble Possible Causes Remedies *

Follow Pre-Lube Instructions in

Excessive Prelube of Turbocharger

§6.1.E

Restriction in Engine Crankcase Refer To Engine Manufacturer

Breather Maintenance Publications

Restriction or Faulty Check Valve in | Remove Restriction or Replace

Turbo. Oil Drain Line Damaged Parts As Needed

Malfunction In Oil Scavenge Refer To Engine Manufacturer
Turbocharger Seal Leakage, Pump Or Drain Sump Maintenance Publications

Leakage at Turbine End Clean and Repair Exhaust System

Worn or Damaged Turbine Wheel As Needed, Overhaul Turbo

Heavy Sludge or Coking in Center Overhaul Turbocharger, Service
Housing ***, ¢ Engine Lube System

Turbocharger Shaft Bearings, See Troubleshooting Chart § 3.10.C,
Journals, or Bearing Bores Worn £ Table 3.7 for this condition

Engine Malfunction, Piston Blowby Refer To Engine Manufacturer
or High Internal Crankcase Pressure | Maintenance Publications

*** Chart assumes the Pre-Troubleshooting Inspection has been performed as summarized in Table 3.1 on page 3-7.

*** With the air inlet and exhaust outlet ducting separated from the turbocharger, look for blade damage to the compressor wheel
or turbine wheel. Examine the outer blade tip edges for evidence of rubbing on adjacent housing surfaces, using a light to see
the turbine wheel blade tips from the housing outlet. Rotate the wheels by hand while pressing the rotating assembly toward
each end, and then sideways. There should be no binding, rubbing, or other interference with free rotation.

*** Examine engine operating and maintenance procedures to detect departures from accepted practices and standards. Review
the applicable portions of the engine manufacturer maintenance publications, and the precautions found in Special Operating
Procedures in § 6.1.F of this manual.

¢ Inspect the interior of the turbocharger center housing by removing the oil drain and looking in through the oil drain opening.
When a sludged or coked condition exists, sludge builds up heavily on the shaft, between the bearing journals, on the walls of
the housing from the oil drain opening back to the turbine end, and on the turbine-end piston ring seal.

I Detect abnormal wear in the turbocharger shaft bearings, journals, or bearing bores by performing the Bearing Clearance
Inspection in § 4.3 of this manual. Replace worn turbocharger.
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4.1 General

CHAPTER 4 - INSPECTIONS

A. This section defines the various inspections needed to ensure reliable and safe operation of the
AeroForce™ 400 Series and 600 Series turbochargers while in service. They are listed in hours for time-
in-service (TIS) or in calendar time, whichever is applicable and is the first to occur when offered a choice.
Some maintenance is one time initial and others are recurring. These inspections and service intervals are
the minimum requirement and may be performed more frequently as operating experience or turbocharger
conditions require.

B. HET recommended maintenance and checks including TIS may be superseded by the aircraft or engine
manufacturer’s established time limits and schedules based on experience and/or unique requirements
under engine or airframe Type Certificate.

C. Basic scheduled maintenance events are summarized as follows:

(1)
()
©)
(4)

Every 100 Hours of operation and/or annual inspection
Bearing Clearance Inspection

Special Inspections

Time Between Overhaul (TBO)

4.2 100 Hour Inspection and/or Annual Inspection

A. Visual Inspection

NOTE: Perform a visual inspection of the turbocharger and related components as required or at 100

hour intervals. Refer to the applicable aircraft/engine manufacturer’s service and inspection
information to assure inspection is performed at the intervals required.

NOTE: Should a part listed here fail inspection, overhaul of the turbocharger is required per the

(1)

AeroForce™ Overhaul Manual AF3002.

With the engine shut down, inspect all components of the air induction system for loose connections,
cuts, cracks, punctures, corrosion or other evidence of deterioration. If evidence is found of any
condition that could permit air leakage between the air cleaner and the turbocharger compressor,
proceed as follows:

(a) Disconnect the air duct from the compressor air inlet and inspect the edges of the compressor
wheel blades for damage. Bent or nicked blades are not acceptable. Also examine the wheel for
excessive dirt buildup and excessive oiliness indicative of seal leakage, and check for evidence
of wheel rub on the compressor housing.

NOTE: If any of these conditions are present, perform the Bearing Clearance Inspection
below (§4.3), and take necessary action per information found in CHAPTER 3 —
TROUBLESHOOTING.

(b) Replace damaged air-ducting components in accordance with the airframe and/or engine
manufacturer’s maintenance publications.

(c) Connect the air ducting to the compressor air inlet and tighten the attaching parts securely.

Check the air duct connection(s) between the compressor and the engine intake manifold, and
between the intake manifold and engine. Tighten loose connections as required.
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@)

(4)

(®)

(6)

(7)

Verify that the engine air cleaner has been inspected and serviced per manufacturer’s instructions.
If installed, verify that the engine alternate air system is sealing tightly when closed. Verify that it
functions properly and that unfiltered air is not leaking when the system is not in use.

Inspect the exhaust system for leakage, especially at the exhaust manifold connection to the
turbocharger turbine inlet and at the engine exhaust manifold gasket. Tighten connections as needed,
and replace damaged components in accordance with the engine manufacturer’s maintenance
publications.

NOTE: Exhaust gas leakage may be indicated by streaks of exhaust deposits at joints, and/or
inside scorching of the cowling.

Disconnect the exhaust ducting from the turbine outlet and examine the turbine wheel blades for
damage. Look for oil in the turbine housing indicative of seal leakage, and check for evidence of
wheel rub on the housing.

(a) For any of these conditions, perform Bearing Clearance Inspection in § 4.3, and take necessary
action per the approved procedures in accordance with the appropriate troubleshooting
procedures found in CHAPTER 3 — TROUBLESHOOTING.

Check for oil leakage at the connections to the turbocharger oil inlet and drain ports, and tighten
connections or replace gaskets, fittings, etc., as needed, in accordance with engine manufacturer’s
maintenance publications. If applicable, inspect the oil drain tank for leaks, condition and security of
support brackets, correct anomalies as required.

Check the engine crankcase breather for restrictions to air flow, and correct as needed in accordance
with the engine manufacturer’s maintenance publications.

4.3 Bearing Clearance Inspection

A. General

(1)

()

Whenever there is any reason to suspect that the turbocharger journal bearings or thrust bearings are
so worn that either the compressor wheel or turbine wheel rubs on the housing (such as when there
is an audible indication of rubbing), perform the procedure described below as soon as possible.

If the bearings do not pass this inspection, determine the cause of wear by performing the
troubleshooting procedure Turbocharger Shaft Bearings, Journals or Bearing Bores Worn in
CHAPTER 3 — TROUBLESHOOTING Table 3.7, and overhaul or replace the turbocharger.

B. Bearing Clearance Inspection

(1)

Remove the turbocharger from the aircraft by the following steps:

(a) Disconnect the engine air duct from the inlet of the turbocharger compressor, and the exhaust
duct from the turbine outlet.

(b) Disconnect the oil supply and oil return lines from the turbocharger oil drain (lower) port.
(c) Check journal bearing radial clearance as follows:

1) Obtain Turbocharger Indicator Set No. 3D103 or 3D106 (manufactured by Central Tool Co.,
456 Wellington Ave., Cranston, RI 02910), shown in Figure 4.1 or equivalent dial indicator
equipment. Attach so that the indicator plunger extends through the oil outlet port and
contacts the shaft of the turbine wheel assembly. Figure 4.2 illustrates the one setup for
applying the indicator to the measurement point.

2) Manually apply pressure equally and simultaneously to both the compressor and turbine
wheels as required to move the turbine wheel assembly shaft away from the dial indicator
plunger as far as it will go.
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Figure 4.1 — Turbocharger Indicator
Set P/N: 3D103

Figure 4.2 — Journal Bearing Radial Clearance Check

3) Set the dial indicator to zero.

4) Manually apply pressure equally and simultaneously to both the compressor and turbine
wheels as required to move the turbine wheel assembly shaft toward the dial indicator
plunger as far as it will go. Note the maximum shaft excursion shown on the indicator dial.

NOTE: Make sure the dial indicator reading noted is the maximum reading obtainable,
which can be verified by rolling the wheels slightly in both directions while
applying pressure.

5) Manually apply pressure equally and simultaneously to the compressor and turbine wheels
as required to move the turbine wheel assembly shaft away from the dial indicator plunger
as far as it will go. Note that the indicator pointer returns exactly to zero.
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6) Repeat steps 2 through 5 as required to make sure that the maximum clearance between
the center housing bores and the shaft bearing diameters, as indicated by the maximum
shaft excursion, has been obtained.

CAUTION!

CONTINUED OPERATION OF A TURBOCHARGER HAVING AN
EXCESSIVE AMOUNT OF BEARING RADIAL CLEARANCE WILL
QUICKLY RESULT IN IRREPARABLE DAMAGE TO THE COMPRESSOR
WHEEL AND ITS HOUSING OR TO THE TURBINE WHEEL AND
ITS HOUSING, RENDERING THE TURBOCHARGER UN-AIRWORTHY.

7) Compare the total displacement noted in steps 4 through 6 with the limits listed in Table 4.1
for the specific series of turbocharger.

NOTE: If the value is not within these limits, remove and overhaul the turbocharger, or
replace.

Table 4.1 — Journal Bearing Clearance Limits

Turbocharger Series Radial Clearance Limits (inches)
TAO04/TA36 0.003 to 0.006
TEO6 0.003 to 0.008
THO8/THO8A/TA61/TA81 0.003 to 0.007
T11 0.005 to 0.008
T18 0.004 to 0.008
T18A 0.003 to 0.008

(d) Check the thrust bearing axial clearance as follows:

1) Obtain Turbocharger Indicator Set No. 3D103 or 3D106 (manufactured by Central Tool Co.,
456 Wellington Ave., Cranston RI 02910), shown in Figure 4.1, or equivalent dial indicator
equipment. Attach at the turbine end of the turbocharger such that the dial indicator tip rests
on the end of the turbine wheel assembly. Figure 4.3 illustrates the setup for applying the
indicator to the measurement point.

Figure 4.3 — Thrust Bearing Axial
Clearance Check
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2) Zero the dial indicator. Manually move the compressor wheel and turbine wheel assembly
alternately away from and towards the turbine end of the turbocharger. Note the travel of the
turbine wheel assembly in each direction as shown on the indicator dial.

3) Repeat step 2 as required to make certain that the maximum clearance between the thrust
bearing components, as indicated by the maximum turbine wheel assembly travel, has been
obtained.

CAUTION!

CONTINUED OPERATION OF A TURBOCHARGER HAVING AN EXCESSIVE
AMOUNT OF THRUST BEARING AXIAL CLEARANCE WILL RESULT IN
IRREPARABLE DAMAGE TO THE COMPRESSOR WHEEL AND HOUSING OR
TO THE TURBINE WHEEL ASSEMBLY, RENDERING THE TURBOCHARGER
UN-AIRWORTHY.

4) Compare the total travel noted in steps 2 and 3 with the limits listed in Table 4.2 for the
specific series of turbocharger.

NOTE: If the value is not within these limits, remove and overhaul the turbocharger, or
replace.

Table 4.2 — Thrust Bearing Axial Clearance Limits

Turbocharger Series Axial Clearance Limits (inches)
TAO04/TA36 0.001 to 0.003
TEO6 0.003 to 0.007
TAG1 0.003 to 0.010
THO8/THO8A 0.003 to 0.008
TA81 0.003 to 0.010
TN 0.003 to 0.008
T18 0.004 to 0.009
T18A 0.004 to 0.009

(e) For a turbocharger with satisfactory bearing clearances, reinstall the turbocharger on the engine.
Reconnect the engine air duct to the compressor inlet, the exhaust duct to the turbine outlet, and
the engine oil supply and return lines to the turbocharger oil drain port. Pre-lubricate turbocharger
on engine, refer to § 6.1.E.

4.4 Special Inspections

A. General

(1) This section contains special inspections which may include recurring, periodic, and one time
inspections critical to operation and continuing safety of HET turbocharger products. The inspections
herein, may incorporate, complement, or compile data from other HET turbocharger publications and
documents. These special inspections apply to periodic maintenance and overhaul as required.
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B. Turbocharger Turbine Housing Inspection
(1) Criteria for Inspecting ALL 600 Series Turbine Housings (Including D5S Ductile Ni-Resist).

NOTE:

AD 82-27-03, (Effective December 30, 1982), exempts the D5S Ductile Ni-Resist Housing
from inspection. However, HET has opted to include the D5S Ductile Ni-Resist castings as
a special inspection. Refer to latest revision of Rajay Service Letters SL27 and SL29 for
additional information. All 600 Series Turbine Housings will be held to the same inspection
criteria as outlined below.

C. Periodic Inspection Time

(1) Inspection of the turbocharger turbine housing is required:

(a) If the initial compliance time stated in the of Rajay (Roto-Master) Service Letter 27 (latest
revision) has not been accomplished, compliance is within 50 hours unit time in service, or at the
next aircraft annual or 100 hour inspection, whichever comes first.

(b) If the initial compliance time stated in the of Rajay (Roto-Master) Service Letter 27 (latest
revision) has been accomplished, then at 200 hour time-in-service intervals.

D. Description of Special Inspection

(1) Perform a visual inspection of the turbine housing to determine existence of cracks as indicated in
Figures 4.4, 4.5, 4.6, and 4.7.

(a) Full Turbocharger Inspection (See AeroForce™ Overhaul Manual AF3002 for detailed inspection
instructions).

1)

2)

Inspection of Turbocharger Installed on Engine — After the initial 50 hours turbocharger time
in-service operation and/or at next aircraft annual and/or 100 hours inspection, whichever
occurs first, and thereafter at every 200 hours unit time-in-service. Visually inspect the
turbocharger turbine housing to ascertain possible presence of cracks penetrating the outer
wall as shown in Figure 4.6. If outer wall is penetrated - replace the turbine housing and
gasket with a new housing.

Inspection of Turbocharger Removed from Engine - Visually inspect the turbocharger turbine
housing through the exhaust port for presence of cracks as shown in Figure 4.4.

a) If no cracks are found on the inner or outer wall of the turbine housing, reinstall
turbocharger, and at the 200 hours time-in-service repeat the inspection of the unit per
these special inspections.

b) If aninternal crack is found, remove turbine housing and inspect for cracks as shown in
Figure 4.6.

1: If all internal cracks are found within the limits of Figures 4.4, 4.5, and 4.6, then
the turbine housing may be returned to service, but continue to monitor the crack
propagation at next and subsequent 200 hours time-in-service.

2: If an internal crack exceeds the limit, as shown in Figures 4,4, 4.5, and 4.6, then the
turbine housing and gasket must be replaced with new housing as specified herein.

CAUTION!

IN ANY CASE, WHEN A CRACK PENETRATES THE OUTER WALL OF A
TURBINE HOUSING AS SHOWN IN FIGURE 4.6, THE TURBINE HOUSING AND
GASKET MUST BE REPLACED PRIOR TO THE NEXT FLIGHT.
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CAUTION!

IF A CRACK HAS PENETRATED THE HOUSING, INSPECT THE SURROUNDING
ENGINE COMPONENTS, HOSES, CLAMPS AND MOUNTS FOR POSSIBLE HEAT
DAMAGE AND REPLACE AS NECESSARY.

CAUTION!

IF UNABLE TO DETERMINE THE PART NUMBER OR REVISION LETTER OF
THE TURBINE HOUSING, ASSUME IT IS AN AFFECTED PART AND PERFORM
INSPECTIONS PER THIS SERVICE LETTER.

INTERNAL CRACK
Cracks in this area
are allowable to a
length of .75 inch
maximum.

NOTE: Do not
mistake the casting
parting line in this
area as a crack.

Figure 4.4 — Turbine Housing Exhaust Inlet
Internal Cracks

Cracks in this
area allowable
to .75 inch.

Cracks in this
area allowable
to 2 inches.

Figure 4.5 — View of Turbine Housing with
Turbo Center Section Removed
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No cracks of ANY
length in this area.
If cracked, replace
housing immediately|

Figure 4.6 — View of Turbine Housing with
External Cracks

No weld of ANY length or
~ kind permitted anywhere
on turbine housing.

If weld repair exists,
replace housing
immediately

Figure 4.7 — View of Turbine Housing with
Attempted Weld
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E. Special Inspection Instructions

(1) In certain aircraft installations, it may be possible to inspect the turbine housing inner and outer walls
for penetrating cracks per Figure 4.4 and 4.6, without removal of the turbocharger from the aircraft. In
any event, the exhaust manifold must be disconnected from the coupling V-band so that the turbine
housing internal area near the nozzle and tongue can be seen as shown in Figure 4.5. If a thermal
blanket is installed on the turbine housing, it must be removed. Refer to Figure 4.8. To inspect the
turbine housing for internal cracks per Figure 4.5, remove the complete turbocharger from the aircraft
as per aircraft maintenance manual.

CAUTION!

BEFORE REMOVING THE TURBOCHARGER, MAKE SURE SPARE TURBINE
HOUSING GASKETS ARE AVAILABLE. DO NOT ATTEMPT TO REUSE THE
GASKET (HET P/N CF600400-0000).

Turbine Discharge V-Band Clamp.
e Inspect for damage and corrosion.

Discard if either is found.
/ D
” Heat Blanket Attached to
of :
Compressor Housing Bolts

‘“ NS with .032 Safety Wire Per
\ Standard A/C Practice.

Turbine Inlet V-Band Clamp.
Inspect for damage and
corrosion. Discard if either

is found.

AN

Figure 4.8 — Typical Turbocharger Installation; Exhaust
System Arrangement Will Vary With Aircraft Application

(a) Remove the turbine housing blanket (if installed). Refer to Figure 4.8.

(b) Disconnect the exhaust manifold and any remaining exhaust pipes by removing the coupling
V-bands.

(c) Scribe “index marks” on the turbine housing and on the aluminum bearing housing so the turbine
housing can be reinstalled in the same rotational position. If a new housing is to is installed,
transfer the mark on the old housing to the same location on the new housing.

(d) Remove the V-band nut and carefully remove the bearing/turbine housing V-band clamp (P/N
CF600391-0000). Inspect V-band for damage and corrosion, discard if either is found.

AF3001
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(e) Remove the turbine housing from the bearing housing and inspect per § 4.3.B. Light tapping at
the joint with a rawhide mallet will help separate them. Dye penetrant inspect in the areas shown
in Figure 4.4, 4.5, and 4.6.

(f)

CAUTION!

IF CRACKS ARE FOUND THAT PENETRATE THE OUTER WALL OF THE HOUSING
OR EXCEED THE LIMITS SHOWN IN FIGURES 4.4, 4.5, AND 4.6, REPLACE THE
HOUSING WITH THE HOUSING SPECIFIED IN TABLE 4.3. CRACKED TURBINE
HOUSINGS CANNOT BE REPAIRED BY WELDING OR ANY OTHER PROCESS.

CAUTION!

DO NOT REPLACE A CF600510-04
(CONTINENTAL AEROSPACE TECHNOLOGIES P/N 643931) WITH THE OLD
STYLE 600510-02 (CONTINENTAL AEROSPACE TECHNOLOGIES P/N 643930)
“N” TYPE TURBINE HOUSING.

Old P/N

600509-0001
600509-0002
600510-0001
600510-0002
600511-0001
600511-0002
600511-0003
600511-0004
TC-6-30
TC-59-11
TC-60-11
TC-82-11-1
TC-82-11-2
TC-248-11-1
TC-248-11-2
RJ0114-000
RJ0115-000

Description

Turbine Housing F10
Turbine Housing F80
Turbine Housing E80
Turbine Housing E10
Turbine Housing F10-LH
Turbine Housing F10-RH
Turbine Housing F80-LH
Turbine Housing F80-RH
Turbine Housing Gasket
Turbine Housing F10
Turbine Housing E10
Turbine Housing F10-LH
Turbine Housing F10-RH
Turbine Housing F80-LH
Turbine Housing F80-RH
Turbine Inlet Gasket
Turbine Outlet Gasket

TYPE TURBINE HOUSING

Table 4.3 — Part Number Interchange
Replace with P/N

CF600509-0003
CF600509-0004
CF600510-0003
CF600510-0004
CF600511-0005
CF600511-0006
CF600511-0007
CF600511-0008
CF600400-0000
CF600509-0003
CF600510-0004
CF600511-0005
CF600511-0006
CF600511-0007
CF600511-0008
RJ0114-000

RJ0115-000

While the housing is off, inspect the turbine wheel and heat shield for condition and/or foreign
object damage. Inspect in and around the area shown in Figure 4.6. This area is most likely the
area an attempted weld will occur. If evidence of welding in this area or any area on the turbine

housing exists, replace the turbine housing immediately.

NOTE: When the turbine housing is off, the turbine wheel should be in contact with the
adjacent heat shield and rotating it should be difficult. If not, a HET product support
representative or Continental Aerospace Technologies service representative should

be contacted.
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(9

(h)

(i)

()

(k)

()

(n)

Carefully remove all parts of the turbine housing gasket and replace with a new gasket P/N
CF600400-0000 gasket.

After inspection, clean the two mating diameters and gasket surfaces on the turbine housing and
bearing housing.

CAUTION!

INSPECT THE PILOT DIAMETER ON THE ALUMINUM BEARING HOUSING FOR
EROSION DUE TO OVER TEMPERATURE OR CHEMICAL ATTACK. THE PILOT
DIAMETER SHOULDER MUST BE CAPABLE OF RADIALLY LOCATING THE
TURBINE HOUSING TO WITHIN .011 TIR. A BEARING HOUSING THAT CANNOT
POSITIVELY LOCATE THE TURBINE HOUSING WILL ALLOW THE TURBINE
WHEEL TO RUB ON THE HOUSING AND MUST BE REPLACED.

Reinstall the same or a new turbine housing as appropriately mandated by this inspection onto
the bearing housing in the original rotational position.

NOTE: The turbine housing and bearing housing must be pressed together while the V-band
is being reinstalled. A light tapping on the V-band with a rawhide mallet will help to
tighten and seat the V-band.

Assure that the turbine housing is in the exact same rotational position (use the marks made
earlier), the V-band is in the approximate same position and tighten the V-band nut IAW Table
6.1. Do not over-tighten.

Reinstall the turbine blanket (if used — Refer to Figure 4.8) and check for free rotation of the
turbine wheel. Do not reinstall if rotation is difficult or scraping noises are heard.

Reinstall the turbocharger on the aircraft per aircraft maintenance manual. Take special care that
all oil lines and fittings are clean, undamaged and unobstructed. Insure that check valves are
correctly installed for applications requiring them. Tighten the inlet and outlet VV-band Clamps IAW
Table 6.1.

NOTE: Aftermarket turbocharger kits use a turbine inlet and outlet gasket (P/N RJ0115 and
RJ0114 respectively). The Continental Aerospace Technologies TSIO-360 does not
use turbine inlet or discharge gaskets.

Perform a ground run-up to check for air, oil or exhaust leaks while also listening for scraping
noises emanating from the turbo. Many installations are only designed to compensate for altitude
and therefore will not make boost during a ground run-up. Recheck that the torque for all V-bands
is still correct after next flight or long run-up.

If a turbine housing is replaced because of cracks that have exceeded the serviceable limits,
complete an FAA Malfunction or Defect Report, Form 8010-4 and submit to the local FAA Federal
Standards District Office (FSDO).

CAUTION!

ANY TC 60-11 OR 600510-0002 (TCM 343930*) OLD STYLE NON DUCTILE NI-
RESIST TURBINE HOUSINGS THATARE STILL IN SERVICE MUST BE INSPECTED
PER AD 82-27-03. (THIS SPECIAL INSPECTION CANNOT SUPERSEDE THE
AD.)
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F. Inspection to Determine EGT/TIT Gauge Installation

(1)

CAUTION!

OPERATING WITHIN SPECIFIED EGT OR TIT LIMITATIONS MAY RESULT IN
HIGHER FUEL CONSUMPTION RATES THAN MAY HAVE BEEN PREVIOUSLY
ATTAINABLE WITH EXCESSIVE LEANING. FUEL FLOW RATES SHOULD BE
CONFIRMED BEFORE RELYING ON PRIOR OR PUBLISHED FUEL RANGE
CALCULATIONS.)

Prior to returning the turbocharger to service, a determination must be made if the aircraft or rotorcraft
equipped with 600 Series turbocharger is utilizing an exhaust gas temperature (EGT) or turbine inlet
temperature (TIT) gauge. Turbine housing life can be extended considerably by taking care not to
exceed the maximum rated turbine inlet temperature. In many installations the pilot has no way of
knowing if the maximum EGT or TIT is being exceeded because there is no redline or limiting number
on the gauge. The following procedure must be used:

(a) IF DETERMINATION IS MADE THAT AN EGT OR TIT IS INSTALLED

1) Check to determine if a red line or placard is installed indicating the proper EGT or TIT
limitation. If not, existing installations should have the gauge calibration checked. The gauge
should be clearly redlined at the maximum allowable temperature. Gauges with actual
temperature numbers may be placarded with the EGT or TIT limits instead of being redlined.
Engines originally Type Certificated with a turbocharger should have the gauge lined per the
engine and/or aircraft manufacturers’ EGT specification as applicable. Never exceed 1650
°F for HET 600 Series turbochargers in any application.

a) Consult the aircraft AFM or POH to determine the proper limitation. Have the gauge
redlined or clearly placard the gauge or instrument panel with the temperature limitation.

-0or-
b) If the installed EGT or TIT is properly marked, this special inspection is complete.

(b) IF DETERMINATION IS MADE THAT NO EGT OR TIT IS INSTALLED
1) EXHAUST TEMPERATURE GAUGE INSTALLATION AND REDLINING.

a) Insome cases an EGT or TIT gauge has never been installed or it may have been
removed. All turbocharged engines should have an EGT or TIT gauge installed if not
so equipped. Install only FAA Type Certificated or Supplemental Type Certificated
(STC) equipment. Existing installations should have the gauge calibration checked. The
gauge should be clearly redlined at the maximum allowable temperature. Gauges with
actual temperature numbers may be placarded with the EGT or TIT limits instead of
being redlined. Engines originally Type Certificated with a turbocharger should have the
gauge lined per the engine and/or aircraft manufacturers’ EGT or TIT specification as
applicable.

1:  Never exceed 1650 °F for HET 600 Series turbochargers in any application. 1600
°F or less is recommended for longer life on these applications. If the turbocharger
was installed per an STC, the limits specified by the STC must be used. If the STC
does not specify a limit, never exceed 1600 °F.

2: Install an appropriate EGT or TIT system at the time of turbocharger installation.

3: Assure the applicable limitations are indicated by red line or placard.
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(c) IF NO DETERMINATION CAN BE MADE OF AN EGT OR TIT INSTALLATION

1) In some cases the turbocharger being overhauled or repaired may be done so for the
purpose of exchange or to replenish inventory. In these cases, a determination cannot be
made at the time of overhaul or repair. For this condition it is necessary to fabricate a tag
with the information in Figure 4.9, and attach it to the turbocharger.

a) Fabricate a tag with the information in Figure 4.9.

b) Positively attach the newly fabricated tag to the turbocharger.

ATTENTION:
INSTALLATION OF THIS OVERHAULED OR
REPAIRED TURBOCHARGER IS PROHIBITED
UNLESS A PROPERLY CALIBRATED EGT
OR TIT INDICATING SYSTEM IS INSTALLED!

Refer to Hartzell Engine Tech (Rajay Service Letter 29 of the
O latest revision) or Chapter 6 of the Hartzell Engine Tech 600
series Turbocharger Overhaul Manual.

Name of the overhaul or repair facility
Address
Address
Country

\ Repair Station Number (if applicable)

Figure 4.9 — Tag Information

G. Advisory of Recommended Operating Procedures

CAUTION!

OPERATING WITHIN SPECIFIED EGT OR TIT LIMITATIONS MAY RESULT IN
HIGHER FUEL CONSUMPTION RATES THAN MAY HAVE BEEN PREVIOUSLY
ATTAINABLE WITH EXCESSIVE LEANING. FUEL FLOW RATES SHOULD BE
CONFIRMED BEFORE RELYING ON PRIOR OR PUBLISHED FUEL RANGE
CALCULATIONS.

(1) Recommended Operating Procedures

(a) The following information regarding HET’s Recommended operating procedures must be relayed
to the installing party. This may be accomplished by including a copy of this page when delivering
the overhauled or repaired turbo or by including a copy of HET (Rajay) Service Letter 29 (latest
revision) in the shipping container.
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(b) Turbine housing life, like that of most engine parts, is adversely affected by extremes and/or
sudden changes in temperature. A very severe thermal shock occurs during an abrupt change
from a high EGT lean cruise setting, to a low power setting prior to descent. The turbine housing
is suddenly chilled by the blast of cold outside air, especially at altitude or in cold weather.
Making a gentle transition from lean cruise to a lower temperature setting whenever possible will
extend the life of the turbine housing. Some turbocharger manufacturers require an extended
idling period prior to shutdown to prevent the cast iron bearing housing from coking. The 600
Series of HET Aircraft Turbochargers have aluminum bearing housings and do not have an oil
coking problem. Extended idling prior to shutdown is not required, or harmful to a 600 Series
turbocharger.

4.5 Time Between Overhaul (TBO)

A. The time between overhaul (TBO) for any HET turbocharger shall coincide but not exceed the TBO (in
hours time in service) published by the engine manufacturer for the specific engine using the turbocharger.
Further, component TBO shall commence at any engine overhaul and / or upon reaching 12 (twelve)
years. TBO shall be the first of these to occur. It is recommended that all HET style turbochargers be
removed from the engine and sent to a properly certificated part 145 repair station (or foreign equivalent)
experienced in turbocharger systems for inspection and overhaul. Any exception to this recommendation
for a specific turbocharger which may lower or increase overhaul times or conditions, will be contained in a
separate service bulletin or instruction.
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5.1 General

CHAPTER 5 - TURBOCHARGER OPERATIONAL TESTS

A. All overhauled or repaired turbochargers should be tested prior to release to the aircraft owner/operator.
Turbocharger equipped aircraft range from quite simple turbocharger only systems to complex controller/
wastegate systems. If instructions contained in this manual are followed no testing should be necessary;
however, it is prudent to apply these tests to verify proper overhaul or repair. The following operational
checks should be performed on the aircraft/rotorcraft:

(

(2)
(3
(
(

~

4
3)

~

Pre-Lubrication of Turbocharger
Ground Run and Setup
Operational Flight Test

Return to Service

Return to Service (No Aircraft)

CAUTION!

THE OPERATIONAL CHECKS HEREIN ARE GENERIC IN NATURE BUT WILL
APPLY TO MOST TURBOCHARGED AIRCRAFT. SHOULD THESE PROCEDURES
CONFLICT IN ANY WAY WITH THOSE IN THE AIRCRAFT ROTORCRAFT AFM OR
POH, THE PROCEDURES IN THE AFM OR POH MUST BE USED.

WARNING!

PRIOR TO TURNING OVER OR STARTING THE ENGINE, MAKE SURE THAT ALL
EQUIPMENT, STAFF OR OTHER PERSONS ARE CLEAR OF THE PROPELLER OR
ROTORS AND TESTING AREA.

5.2 Pre-Lubrication of Turbocharger

A. All overhauled or repaired turbochargers must be pre-lubricated prior to installation and prior to engine
start. Preheat engine in extremely cold conditions. Refer to § 3.6.

(1)

()

Just prior to mounting, prime the turbocharger with multi-vis AD engine oil by filling the oil inlet of the
turbocharger bearing housing and rotating the T-wheel by hand to coat the bearings. The same must
be done if unit is to be stored except drain excess oil from housing.

Make sure the oil inlet line is clean and free of obstructions. Crank the engine over with the ignition off
and the fuel in the idle cut off position until oil comes out of the turbocharger drain line. Connect the
drain line. Start the engine and observe oil pressure. Should oil pressure not rise to 10 psi within 5
seconds, shut engine down and investigate the cause. When proper oil pressure is reached, idle the
engine for 5 minutes minimum. Shut engine down and check for oil leaks.

5.3 Ground Run and Setup

A. Perform a ground run-up to check basic performance and integrity of the turbocharging system. Prior to
accomplishing this procedure, check the appropriate aircraft service or maintenance manual for the ground
run procedures and check the appropriate AFM or POH for the applicable preflight procedures. Should
these tests reveal improper conditions, additional information on troubleshooting, may be found in the HET
Troubleshooting Reference Guide Aircraft Turbochargers, Valves & Controls Reference Guide P/N 400888-
0000.
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(1)

()

®)

(4)

®)

WARNING!

PRIOR TO STARTING AND RUNNING THE ENGINE, MAKE SURE THAT AN
APPROPRIATE TESTING AREA IS SELECTED AND THAT ALL EQUIPMENT,
STAFF OR OTHER PERSONS ARE CLEAR OF THE PROPELLER OR ROTORS.

CAUTION!

IT IS NOT ADVISABLE TO PERFORM THE GROUND RUN-UP OR PRE-
LUBRICATION ON AN OVERHAULED OR REPAIRED TURBOCHARGER IN
EXTREMELY COLD WEATHER CONDITIONS. PREHEAT THE AIRCRAFT PRIOR
TO ACCOMPLISHING THESE TESTS.

Before beginning these tests, read the applicable sections of the appropriate service or maintenance
manuals as well as the AFM and POH regarding run up procedures. Should any step herein conflict
from the AFM or POH procedures, use that information.

Start the engine and observe oil pressure. Should oil pressure not rise to 10 psi within 5 seconds,
shut engine down and investigate the cause. When proper oil pressure is reached, idle the engine for
5 minutes. Allow the oil temperature to stabilize at 120 °F (or as called out in the AFM or POH) and
the oil pressure above 10 psi. Stay within the minimum and maximum limitations!

NOTE: Blue or white smoke may appear from the exhaust during initial start and run up. Unless the
smoke is extreme or appears in combination with an oil pressure drop, it can be considered
normal. Lubricants used in assembly may make light smoke for up to 30 minutes operation.

Advance the throttle slowly in 500 RPM increments until takeoff power is reached. Pause at each
RPM step and allow the engine to stabilize (the turbocharger will lag slightly). At each RPM step,
observe oil pressure, oil temperature, TIT/EGT, and manifold pressure (MAP). These indications
should not fluctuate but remain steady. Oil pressure above idle should be a minimum of 30 psi. Take
care not to overboost the engine when approaching takeoff power, throttle movement at power is
sensitive. Consult the applicable AFM or POH and determine and record TIT/EGT and MAP at takeoff
power.

Retard the throttle slowly to idle. Great care should be taken not to reduce power rapidly.

(a) For 400 series turbochargers, operate the engine at idle for 3 to 5 minutes to allow the turbine
wheel to cool down.

(b) For 600 series turbochargers, no idle time is required.

Shut down the engine and inspect for oil leaks and general security. If installed, tap V-band coupling
to assure seating and re-torque nut. If proper TIT/EGT or MAP was not achieved, investigate cause.
Compare all engine parameters to the requirements in the AFM or POH and if necessary, perform an
engine setup per the applicable aircraft service or maintenance manual.

(a) If required, repeat this check.

5.4 Operational Flight Test

WARNING!

THE OPERATIONAL FLIGHT TEST MUST BE PERFORMED BY AN APPROPRIATELY
RATED, CURRENT PILOT FAMILIAR WITH THE AIRCRAFT/ROTORCRAFT AND THE
REQUIREMENTS AND LIMITATIONS OF THE AFM OR POH.
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A. General

(1)

Perform a flight test to confirm operation of the turbocharging system. While there are many types of
turbocharging systems, they can be categorized as Manual or Automatic.

(a) Manual Systems

1) The most basic form of manual control is the fixed bleed system which allows exhaust gas
to continuously escape through an orifice of predetermined size. The size of the orifice
determines the critical altitude of the engine. More complex manual systems will have a
method to adjust the wastegate through use of a vernier cable. These systems may or may
not incorporate a pressure relief valve so great care must be taken not to overboost the
engine.

(b) Automatic Systems

1) The automatic systems that control turbocharger operation use air pressure sensors
installed at various points in the induction system. They in turn will cause changes to the
oil pressure that controls the position of the wastegate. There are many different systems
therefore, it is very important that the mechanic and pilot understand what manifold
pressures he should expect when full throttle is applied for takeoff.

B. Precautions

(1)

Do not exceed the red-line temperature limitations during takeoff, climb and max performance cruise
power operation.

Keep the cylinder head temperature (CHT), oil temperature, and turbine inlet temperature (TIT or
EGT) below the maximum limit stated in the aircraft AFM or POH.

Whenever mixture is adjusted, rich or lean, it should be done slowly.

Unless it conflicts with the aircraft AFM or POH, always return the mixture slowly to full rich before
increasing the power setting.

At all times, caution must be taken not to shock cool the cylinders. Do not allow a CHT change of
more than 50 °F per minute.

(a) The throttle(s) must be operated smoothly or the engine(s) will surge. Smooth and steady
operation of the mixture control will assure that TIT/EGT limits are not exceeded.

C. Preparation

(1)

Prepare the aircraft for the test flight. Perform a preflight and run up according to the appropriate
aircraft AFM or POH. Proceed to takeoff. Due to the special nature of rotorcraft, the flight test may be
substantially different, however a basic check of performance per the AFM or POH must be applied.

(a) Takeoff

1) Using AFM or POH data, establish a max power takeoff and record engine parameters with
close attention to MAP. If applicable reduce power within time limits. Manual systems will
require constant attention. Extreme care must be taken not to overboost the engine. Should
an overboost occur, refer to the latest revision of Lycoming Service Bulletin 369 or Teledyne
Continental Motors Service Bulletin 67-12.

(b) Climb

1) Using AFM or POH data, establish max power climb, record engine parameters each 1000
feet, with close attention to MAP and TIT/EGT. Remember, to increase power, enrich the
mixture, increase RPM, and then MAP. Maintain consistent climb parameters until critical
altitude is reached, however do not exceed max CHT. Without changing power setting, climb
above critical and note that MAP decreases.
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(c) Cruise
1) Using AFM or POH data, establish a max performance cruise and then an economy cruise

setting. Record engine parameters, fuel flow, and aircraft speed. Compare to the AFM or
POH published information.

(d) Descent and Landing

1) Using AFM or POH data, descend and land. Please note, manual systems will require
constant attention. For decent, do not pull throttle(s) back rapidly, do not allow a CHT
change of more than 50 °F per minute, and remember to decrease power decrease MAP
and then RPM. For landing, follow the procedures in the AFM or POH.

5.5 Return to Service

A. After landing, determine turbocharger performance using the data recorded. Any discrepancy noted must
be investigated and a remedy applied before returning the aircraft to service. In most cases, improper or
low performance will be related to conditions other than the turbocharger, in order of importance, consult
the aircraft service or maintenance manual, HET Troubleshooting Reference Guide Aircraft Turbochargers,
Valves & Controls Reference Guide P/N 400888-0000, and the AeroForce™ Overhaul Manual AF3002.

If the operational test procedures are satisfactory, make the appropriate logbook entries and return the
aircraft to service.

5.6 Return to Service (No Aircraft)

A. In some cases, an overhauled or repaired turbocharger may not have an airplane or rotorcraft available
to perform the Turbocharger Operational Tests required in this section. Turbochargers may be overhauled
as an exchange, sent out for repair, or may be placed on the shelf as inventory. In these cases, a newly
completed overhaul or repair must still be checked for basic operation and function. These units may be
delivered if the following:

(1) All tests and procedures are accomplished per this manual, including a pre-lubrication of the
turbocharger for storage.

(2) The complete center housing rotating assembly (CHRA) has been fully tested, and balanced, using
the recommended balancing equipment found in this manual.

(3) The installing facility has been informed that ground and flight testing is required.
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CHAPTER 6 - MAINTENANCE

6.1 General

A. This section contains information regarding recommended maintenance for all turbochargers listed in
this manual. These recommendations assure reliable and safe operation of the turbochargers while in
service. Maintenance is listed in hours time-in-service (TIS) or calendar time, whichever is applicable and
the first to occur. Some maintenance is one time initial and others are recurring. Refer to CHAPTER 4 —
INSPECTIONS for required inspections.

B. HET recommended maintenance, checks and TIS may be superseded by the aircraft or engine
manufacturers established time limits and schedules based on experience and/or unique requirements
under it's Type Certificate or other certifications.

6.2 General Maintenance

A. Aside from required inspections, periodic maintenance in the usual sense is not required on a Hartzell
Engine Tech (HET) turbocharger because no in-service calibration or adjustment procedures are possible.
The engine on which the turbocharger is mounted supplies all lubrication requirements. Maintenance
procedures are generally limited to visual inspections and measurements as needed. Due to the
wide variation in operating modes and conditions to which turbochargers are subjected, maintenance
procedures based upon a specific number of operating hours or calendar periods are not necessary.

B. Itis imperative that the aircraft temperature indicating systems be maintained properly and that the
readings are from a calibrated probe. Probes operate in an extreme environment and will deteriorate
quickly, so frequent calibration and replacement may be required. Operation at temperatures higher than
the maximum for a given turbocharger can lead to damage, not only to the turbocharger but to engine and
aircraft components. Consistently high operating temperatures will darken the oil and lead to “coking” and
carbon deposits in oil passages, limiting oil flow to the turbocharger and reducing service life considerably.

C. In service maintenance of a turbocharger primarily consists of making sure that the integrity of the
turbocharger and engine as a system is maintained, and that the engine is not operated in a manner that is
detrimental to the turbocharger. HET recommends that Visual Inspection procedures, found in § 4.2.A, be
performed on a regular basis sufficient to assure airworthiness.

CAUTION!

AS A MINIMUM REQUIREMENT, VISUAL INSPECTIONS MUST BE PERFORMED
CONCURRENTLY WITH ALL OTHER PERIODIC ENGINE INSPECTION PROCEDURES.

6.3 Periodic Maintenance

NOTE: The aircraft and/or engine manufacturers periodic or event checks are contained in the respective
maintenance manual or service information.

A. The turbocharger system should be inspected at regular intervals, the frequency of which should be
determined by the type of service and the conditions under which the aircraft is operated. Since many
airframe and engine maintenance tasks will directly or indirectly affect the turbocharger function, it is
recommended that the aircraft manufacturer’s and engine manufacturer’s periodic inspection/maintenance
be followed prior to or in conjunction with any HET prescribed turbocharger maintenance.
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6.4 Torque Specifications
CAUTION!

APPLYING TORQUE BEYOND THE VALUES SET IN TABLE 6.1 WILL SEVERELY
DAMAGE THE TURBOCHARGER. EXCEEDING THESE VALUES MAY REQUIRE
OVERHAUL OR REPLACEMENT OF THE TURBOCHARGER.

Table 6.1 — V-Band Torque Chart

Turbocharger Model | V-Band Locknut Torque Valve

T18A 110-130 in-Ibs (12.43-14.69 Nm)
TAG1 110-130 in-lbs (12.43-14.69 Nm)
TA8102 130-150 in-Ibs (14.69-16.95 Nm)
TEO6 40-60 in-Ibs (4.52-6.78 Nm)
THO8 40-60 in-lbs (4.52-6.78 Nm)
THO8A 40-60 in-lbs (4.52-6.78 Nm)

6.5 Installation

A. General

(1)  Turbochargers are stored and shipped assembled. Do not remove covers or plugs until immediately
prior to pre-lubrication and compliance of these installation procedures. Also, be certain to use
extreme care to ensure that no dirt or other foreign matter enters the turbocharger.

NOTE: Never place a model THO8A turbocharger on the nose of the turbine wheel. In this model
the turbine wheel nose extends beyond the turbine housing flange so damage may occur to
internal components or to wheel blades should loads be applied to the turbine wheel.

(2) Nearly all of the turbochargers designed and built by HET are for a specific engine application. The
engine manufacturer generally provides all the components necessary to connect the turbocharger
to the engine on new installations. New and service units are generally shipped from the factory
with the compressor and turbine housings properly oriented with respect to the center housing and
mechanically locked to facilitate installation on the engine. (See the note and caution below.)

NOTE 1: Some turbochargers shipped as replacement units for field installation do not have
the compressor and turbine housings oriented and locked to mate with the installation
components provided. In such cases, refer to the installation instructions that are
provided by the engine or airframe manufacturer. Reorientation is also required
where the compressor and turbine housings are taken from a removed turbocharger and
reinstalled on a replacement center housing rotating assembily.

NOTE 2: When referring to other documentation mentioned herein, it must be noted that the FAA
approved, Airplane Flight Manual (AFM) and/or the Pilots Operating Handbook (POH) is
the overriding authority for the operation and functionality of an aircraft. Other documents,
including the engine operating manual, may not fully agree with the AFM or POH as these
typically do not consider a specific installation. For the purpose of returning an aircraft to
service, documentation other than the AFM or POH should be considered secondary.
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CAUTION!

SOME TURBOCHARGERS ARE SHIPPED WITH THE HOUSING BOLTS LOOSE TO
FACILITATE ORIENTATION WHEN INSTALLED ON AN AIRCRAFT. THESE BOLTS
MAY BE TAGGED TO INDICATE THIS CONDITION, HOWEVER THESE BOLTS
SHOULD BE CHECKED AND TIGHTENED PRIOR TO RETURNING THE AIRCRAFT
TO SERVICE. REFER TO THE REASSEMBLY SECTION OF CHAPTER 2 FOR
YOUR SPECIFIC MODEL TURBOCHARGER.

B. Orienting Compressor and Turbine Housings

(1)

When it is necessary to orient the compressor and turbine housings prior to installation on an engine,
proceed as follows:

(@)

(b)

(c)

(d)

(e)

(9

Carefully loosen hardware attaching the compressor housing as required to permit housing
rotation but not enough to allow rubbing of the compressor wheel.

CAUTION!

EXCESSIVE LOOSENESS OF THE COMPRESSOR HOUSING WILL RESULT IN
DAMAGE TO THE COMPRESSOR WHEEL BY RUBBING ON ITS RESPECTIVE
HOUSING.

Carefully loosen the hardware attaching the turbine housing sufficient to permit housing rotation
but not enough to allow rubbing of the turbine wheel.

CAUTION!

EXCESSIVE LOOSENESS OF THE TURBINE HOUSING WILL RESULT IN DAMAGE
TO THE TURBINE WHEEL BY RUBBING ON THE HOUSING.

Position the turbocharger on the engine with the mounting flange of the turbine housing mated to
the exhaust system mounting components on the engine. Securely install, but do not tighten, the
turbine mounting flange hardware.

Rotate the center housing and rotating assembly on the turbine housing as required to align the
oil inlet and drain ports of the turbocharger with the corresponding oil system connections on the
engine.

CAUTION!

INSTALLATION OF A 400 SERIES TURBOCHARGER WITH THE CENTERLINE OF
THE OIL DRAIN MORE THAN 35 DEGREES FROM VERTICAL CAN RESULT IN
IMPROPER DRAINAGE OF THE TURBOCHARGER AND SUBSEQUENT OIL
LEAKAGE PAST THE PISTON RING(S).

If the centerline of the turbocharger oil drain deviates more than 35 degrees (400 Series) from
the vertical, check for bent or damaged engine oil system components. Repair or replace in
accordance with the engine manufacturer’s maintenance publications before proceeding to step

().
Tighten at least two of the turbine housing attaching bolts to prevent further rotation of the center
housing on the turbine housing.

Rotate the compressor housing on the center housing to align with the intake manifold
connections provided on the engine.
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(h) Retighten compressor housing attaching hardware, as required, to prevent further rotation of the
compressor housing on the center housing.

(i) Remove the turbocharger from the engine, and retighten and lock attaching hardware for the
housings IAW Table 6.1.

(j) If the turbocharger is not to be installed on an engine immediately after reassembly, perform the
procedure, Pre-lubricating Turbocharger Not on Engine in § 6.1.C below.

C. Pre-Lubricating Turbocharger Not On Engine

(1)

Following reassembly of a turbocharger not to be installed immediately on an engine, perform the pre-
lubrication procedure described below.

(a) Block the oil outlet port with a finger and fill the oil inlet port with engine oil (use only new “multi-
vis” AD aircraft engine oil).

(b) Manually turn the compressor wheel for several revolutions (in both directions) to coat all journal
and surfaces with oil.

(c) Drain excess oil from the turbocharger through both the oil inlet and outlet ports.

(d) Install protective coverings on all openings to prevent dirt and moisture from entering the
turbocharger.

D. Mounting Turbocharger On Engine

(1)

WARNING!

ASSURE PROPER CONNECTION AND ORIENTATION OF OIL LINES, FITTINGS,
AND HARDWARE. REFER TO THE INSTALLATION INSTRUCTIONS PROVIDED
BY THE ENGINE OR AIRFRAME MANUFACTURER.

NOTE: After installing turbocharger on engine, and before run-up, perform Pre-Lubricating
Turbocharger On Engine in § 6.4.E below.

CAUTION!

FOREIGN MATTER ALLOWED TO ENTER THE TURBOCHARGER CAN CAUSE
ACCELERATED WEAR, ABRASION, AND OTHER DAMAGE.

Mount the turbocharger on the engine as follows:
(a) Remove protective covers from all openings of the turbocharger and clear of any debris.

(b) Verify that the turbocharger compressor and turbine housings are properly oriented to the center
housing and locked, or perform the procedure Orienting Compressor and Turbine Housings.

(c) If the engine manufacturer’s maintenance publications require a turbine inlet flange gasket, install
a new gasket. Position the turbocharger on the engine with the mounting flange of the turbine
housing inlet mated to the exhaust system mounting components provided on the engine.

(d) Coat the threads of mounting bolts and/or studs with MRO Solution 2000 copper antiseize (MRO
Solutions L.L.C., Niles, IL. - previously Fel-Pro high-temperature compound C5A), or equivalent,
and install and tighten the hardware on the mounting flange to the torque values recommended
in the engine manufacturer’s maintenance publications.
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CAUTION!

IT IS IMPERATIVE THAT THE OIL LINES BE CHECKED FOR AGE/CONDITION AND

BE

REPLACED IF NECESSARY BEFORE RETURNING AN OVERHAULED OR

NEW TURBO TO SERVICE. IF LINES ARE REUSED, MAKE SURE THEY ARE
FLUSHED CLEAN AND PURGED WITH CLEAN OIL TO REMOVE DEPOSITS.

(e)

(f)

Using new gaskets, connect the engine oil supply line to the turbocharger oil inlet port, and
connect the engine oil return line to the oil drain port (or drain tank as applicable).

If the turbocharger has an integral exhaust bypass valve, connect the valve actuator inlet, outlet,
and drain ports to the power fluid supply and drain lines (generally the aircraft hydraulic or engine
oil system) in accordance with the procedures found in the engine/airframe manufacturer’s
service publications.

CAUTION!

EXHAUST SYSTEM CONNECTION AND ALIGNMENT IS CRITICAL AND VARIES
CONSIDERABLY WITH ENGINE AND TURBOCHARGER TYPE. FOR DETAILS,
REFER TO THE APPLICABLE ENGINE/AIRFRAME MANUFACTURER’S SERVICE
PUBLICATIONS.

(9)
(h)

(i)

()

Attach the outlet of the turbine housing to the engine exhaust system.

If the engine is operable, perform the procedure Pre-lubrication for Turbocharger on Engine
below.

If the engine is not operable and pre-lubrication of the turbocharger is not practicable at this time,
make provision to prevent engine operation until pre-lubrication has been performed.

Inspect the duct from the air filter for foreign objects and debris. Assure it is absolutely clean.
Connect the duct from the engine air filter to the turbocharger compressor inlet. Before tightening
the duct connection, check whether bending loads are imposed upon the turbocharger by the
ducting or other engine components. If so, carry out repairs or replacement in accordance

with the engine/airframe manufacturer’s maintenance publications and then tighten the duct
connections.

CAUTION!

BENDING LOADS IMPOSED UPON THE TURBOCHARGER FROM IMPROPER
INSTALLATION CAN ADD STRESS AND THERE BY REDUCE ITS SERVICE LIFE.

E. Pre-Lubricating Turbocharger On Engine

(1)  When installing a new or overhauled turbocharger, or following engine oil and filter changes, and after
any prolonged period of non-operation, pre-lubricate the installed turbocharger as follows:

(@)

(b)

Check the engine oil per the applicable AFM or POH for proper level. With the engine off,
temporarily disconnect the engine oil supply line from the turbocharger oil inlet port, and the
engine air duct from the compressor housing inlet. (For oil specification, refer to Lycoming
publication SI 1014M or TCM publication SIL 99-2B or latest revision.)

Fill the turbocharger oil inlet port with engine oil of the same type as in the engine and manually
turn the compressor wheel several revolutions in both directions to coat all journal and bearing
surfaces with oil. Inspect air duct for foreign objects and debris. Assure it is absolutely clean.
Reconnect the air duct.
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(f)

(9)

CAUTION!

TO AVOID INJURY OR DAMAGE, CLEAR THE AREA OF PERSONNEL AND
EQUIPMENT PRIOR TO TURNING THE ENGINE OVER THE STARTER.

Place a suitable container under the disconnected engine oil supply line to avoid spilling oil on
the engine. With magnetos off, and mixture in idle cutoff, crank the engine, not allowing a start.
When a steady flow of oil is obtained from the supply line to show that air has been purged from
the system, stop cranking. Reconnect the oil supply line.

CAUTION!
TOP OF ENGINE OIL SUPPLY AFTER PERFORMING THIS STEP.

If the turbocharger is installed on a new or newly-overhauled engine, with the initial runin period
not yet completed, follow the pertinent procedures as outlined in the engine manufacturer’s
maintenance publications.

WARNING!

OPERATION OF THE TURBOCHARGER WITHOUT ALL NORMALLY INSTALLED
INLET DUCTS AND FILTERS CONNECTED CAN RESULT IN FOREIGN
OBJECTS ENTERING THE TURBOCHARGER. THIS CAN RESULT IN INJURY
TO PERSONNEL AND DAMAGE TO THE EQUIPMENT.

CAUTION!

OPERATION OF THE ENGINE AT ANY SPEED FASTER THAN IDLE IMMEDIATELY
AFTER START-UP CAN RESULT IN DAMAGE TO TURBOCHARGER BEARINGS
DUE TO OIL LAG, ESPECIALLY IN COLD WEATHER OR AFTER A PROLONGED
NON-OPERATIVE PERIOD.

Verify that all air and exhaust inlet ducts and filters are properly installed. Then, start the engine
and operate for three or four minutes at idle speed to allow engine oil pressure and flow to
stabilize.

Check all inlet and drain oil connections for leakage, and tighten or repair as needed. Inspect
drain tank installation and supports if applicable. (See engine/airframe manufacturer’s service
instructions.) Check all oil check valves (if installed) for proper operation and orientation.

Examine V-Band clamp for tightness IAW Table 6.1.

F. Special Operating Procedures

CAUTION!

PRIOR TO ENGINE SHUTDOWN, OPERATE THE ENGINE AT IDLING SPEED FOR
A FEW MINUTES TO ALLOW THE TURBOCHARGER TEMPERATURES AND
SPEEDTO STABILIZE AT THE LOWEST POSSIBLE VALUES. SHUTDOWN FROM
HIGH OPERATING SPEED WILL ALLOW THE TURBOCHARGER TO CONTINUE
TO ROTATE AFTER ENGINE OIL PRESSURE HAS DROPPED TO ZERO, WITH
PROBABLE DAMAGE TO THE TURBOCHARGER BEARINGS. SHUTDOWN OF THE
TURBOCHARGER AT NEAR-MAXIMUM TEMPERATURES PROMOTES “COKING”
AND SHORTENS TURBOCHARGER SERVICE LIFE.

AF3001

Rev. New: 03 March 2025 73-10-00

Page 6-6

© 2025 - Hartzell Engine Tech - All rights reserved



Aircraft Turbocharger AEROFORCE

Maintenance Manual

BY HARTZELL ENGINE TECH

G.

(1) The

turbocharger itself functions in response to engine operation, either directly or in reaction to

exhaust bypass valve and controller operation. Certain precautions must be observed during engine
operation to attain maximum turbocharger performance and full service life. These precautions, listed
below, are related to adequate lubrication of the turbocharger bearings.

(@)

(b)

(d)

(e)

Use only those oils and additives specifically recommended by the airframe and/or engine
manufacturer, with oil and filter changes strictly observed.

NOTE: For oil specification, refer to Lycoming publication SI 1014M or Continental Aerospace
Technologies publication SIL 99-2B or latest revision.

Be sure to follow the aircraft owner’s manual instructions carefully to avoid operation of the
turbocharger without adequate lubrication, especially following exposure to low temperatures
sufficient to congeal engine lubricating oil, or following a period of prolonged non-operation of the
engine. It is always preferred that any turbocharged engine be pre-heated in low temperatures.

Following engine start-up under all conditions, operate the engine at idle speed until a steady,
normal reading, as specified by the engine manufacturer, is obtained on the engine oil pressure
gage before increasing the engine load and speed. Satisfactory lubrication of the turbocharger
bearings requires a MINIMUM oil pressure of 10 psig AT THE TURBOCHARGER OIL INLET
PORT at engine low idle speed and NO LESS than 30 psig during lowest cruise power
conditions.

During engine operation, check for proper functioning of the turbocharger, and refer to the HET
Troubleshooting Reference Guide Aircraft Turbochargers, Valves & Controls Reference Guide
P/N 400888-0000 for additional information.

Prior to returning the aircraft to service, § 5.4, Operational Flight Test.

Installation of Anti-Rotation Pins

(1) The

following anti-rotation pin information is for repair only. Using only minimal force on a punch

fabricated in accordance with Figure 6.1, install the new spring pin with the longitudinal groove or
opening of the pin facing radially outward from the bearing bore and within 15° of the radial line as
shown in Figure 6.2. Allow the pin to project 0.075/0.085 inches. Pin projection is measured from the
center housing surface outside of any pin counterbore. Refer to Figure 6.2.

l

A

.
==

1/4 inch

diameter Hardened R/C 54-58 1/2 inch diameter drill
0.101/0.103 sectioned area only rod, medium knurl
inch diameter for
spring pin

0.075/ 0.085 inch depth for spring pin

Flat bottom

At )
\

Figure 6.1 — Anti-rotation Pin Installation Tool (HET P/N 478199)
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Pin Hole

i s e

Figure 6.2 — Pin Groove Orientation

CAUTION!

EXCESSIVE FORCE USED IN INSTALLING ANTI-ROTATION PIN CAN CAUSE
DISTORTION DAMAGE TO CENTER HOUSING. DO NOT INDENT CENTER
HOUSING AROUND PIN HOLES.

6.6 Storage and Shelf Life
A. Storage

(1)  When storing a new or overhauled turbocharger there are two categories to consider. Will it be a
short term storage or a long term storage on or off the aircraft? Short term storage will be considered
as storage up to but not exceeding twenty-four (24) calendar months. Long term storage will be
considered as storage up to but not exceeding twelve (12) calendar years. There is a different method
for each type of storage.

(a) Short term, if on the shelf, requires only that the unit be kept in it original packaging. If unit is
on the aircraft (or unmounted engine) rotating the engine to achieve 5 - 8 psi oil pressure at an
interval of sixty (60) days is required.

(b) Long term, if on the shelf, requires that the turbocharger be removed from the box and from
the plastic bag as originally packaged. Discard the bag. Remove the shipping caps and fill
center housing with multi-vis AD aircraft engine oil. Do not drain and cap the oil ports. Wipe or
lightly spray outside and all openings with preservative oil. Recap all openings and wrap tightly
with a waxed type paper. Place back into original shipping container and store in a cool dry
environment.

1) Ifitis anticipated or determined that the aircraft (or unmounted engine) will be in a long
term storage situation, as soon as practicable, remove the compressor inlet/outlet ducts and
remove exhaust inlet/outlet pipes and liberally spray with preservative oil. Return the inlet
and exhaust to airworthy condition. Rotate the engine (do not start) to achieve 5 - 8 psi oil
pressure. Wipe and spray the outside of the unit with preservative oil. Rotate the engine (do
not start) to achieve 5 - 8 psi oil pressure at an interval of sixty (60) days is required.

B. Shelf Life

(1) AIlHET turbochargers have a shelf life of up to, but not to exceed, twelve (12) calendar years at
which time the unit must be overhauled.
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