
OFFICE HOURS

Monday through Friday, 7:30 a.m. to 4:30 p.m., Pacific Time.
Lunch hour is 11:30 a.m. to 12:30 p.m.

HOLIDAYS

Please visit www.robinsonheli.com and click on the Customer Support tab
for a complete list of holidays and company shutdowns.

CUSTOMER SUPPORT AND ORDERS

Please visit www.robinsonheli.com and click on the Customer Support tab
for a complete service directory.

Procure parts from any R22 Dealer or Service Center, or order directly
from assigned RHC Customer Service Representative via email, fax, or phone.

PUBLICATIONS

Please visit www.robinsonheli.com and click on the Publications tab
to view our publications electronically.
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SUBSCRIPTION ORDER AND RENEWAL FORM

Name: Phone:

Address: Fax:

Email:

I Own R22 Serial Number(s):

I Own R44/R44 II Serial Number(s):

I Own R66 Serial Number(s):

Covers updates during the subscription period only.  Requests for revisions produced before the subscription period are 
subject to an additional charge at the full subscription rate for each past year requested.

MODEL/CLASS DESCRIPTION PRICE/YR. QTY. TOTAL

R22

A Future updates to R22 Pilot’s Operating Handbook & Safety Notices $15.00

B Future updates to R22 Pilot’s Operating Handbook & Safety Notices, R22 Service 
Bulletins & Service Letters $25.00

C Future updates to R22 Pilot’s Operating Handbook & Safety Notices, R22 Service 
Bulletins, Service Letters, & R22 Maintenance Manual/Illustrated Parts Catalog revisions $45.00

R44

Q Future updates to R44 Pilot’s Operating Handbook & Safety Notices $15.00

R Future updates to R44 Pilot’s Operating Handbook & Safety Notices, R44 Service 
Bulletins & Service Letters $25.00

S Future updates to R44 Pilot’s Operating Handbook & Safety Notices, R44 Service 
Bulletins, Service Letters, & R44 Maintenance Manual/Illustrated Parts Catalog revisions $45.00

R44 II

V Future updates to R44 II Pilot’s Operating Handbook & Safety Notices $15.00

W Future updates to R44 II Pilot’s Operating Handbook & Safety Notices, R44 Service 
Bulletins & Service Letters $25.00

X Future updates to R44 II Pilot’s Operating Handbook & Safety Notices, R44 Service 
Bulletins, Service Letters, & R44 Maintenance Manual/Illustrated Parts Catalog revisions $45.00

R66

J Future updates to R66 Pilot’s Operating Handbook & Safety Notices $15.00

K Future updates to R66 Pilot’s Operating Handbook & Safety Notices, R66 Service 
Bulletins & Service Letters $25.00

L Future updates to R66 Pilot’s Operating Handbook & Safety Notices, R66 Service 
Bulletins, Service Letters, & R66 Maintenance Manual/Illustrated Parts Catalog revisions $45.00

Method of Payment:  No cash or CODs.  We cannot be responsible for cash sent by mail.  For faster processing, order online.

U.S. Check, Money Order, payable to Robinson Helicopter Company
Wire Transfer (subscription will not take effect until wire transfer has been received)
VISA, MasterCard or American Express

Credit Card Number: Month / Year:

Cardholder Signature: Verification Code:

Billing Zip:
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RECOMMENDED CHANGE REPORT

Please direct recommended changes to RHC Technical Publications via the email address listed below, by 
phone, or by submitting a duplicate of this completed form by fax or mail.  Please include or have available the 
information detailed by this form.

Recommended changes may include but are not limited to:  general comments, corrections, omitted information, 
or clarification of instructions.

Please send recommendations to:

Email: techpubs@robinsonheli.com Robinson Helicopter Company 
Attention: Technical Publications 
2901 Airport Drive 
Torrance, CA  90505-6115 
UNITED STATES
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Fax: (310) 539-5198
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LIMITED AIRCRAFT WARRANTY
Effective R22 S/N 3318 & on; R44 S/N 1202 & on

Robinson Helicopter Company, Inc. (hereafter referred to as RHC) warrants each new helicopter to be free from 
defects in material and workmanship appearing within two years from the date of delivery from the RHC factory 
or during the first one thousand (1000) hours of operation, whichever event occurs first; provided, the aircraft 
has been subjected to normal use and service. This Warranty is limited to repair or replacement on an exchange 
basis, as selected by RHC, of any part, which upon examination by RHC is deemed to have been defective when 
the aircraft left the factory.  A new warranty period is not established for parts replaced under the terms of this 
Warranty.  Such replacement parts are warranted only for the remainder of the original warranty period.  This 
Warranty shall not apply to any helicopter or part which has been repaired or altered outside the factory, and 
which, in RHC’s judgment, has affected the performance or reliability of the helicopter or part.  This Warranty 
shall not apply to any helicopter or part which has been subject to corrosion, misuse, negligence or accident, 
nor to any parts normally replaced during routine maintenance, such as, air cleaners, skid shoes, rod end or 
spherical bearings, light bulbs, etc.  This Warranty shall not apply to any helicopter, which has been crated for 
shipping unless such crating is performed by RHC.  RHC is not responsible for the cost of shipping parts under 
the terms of this Warranty.  However, RHC will credit the RHC Dealership, which sold and delivered the new 
helicopter to its original owner, with an allowance for labor performed by that Dealership for removing and 
reinstalling the defective part.  No credit will be issued for trouble-shooting.

RHC makes no Warranty with respect to batteries, instruments, avionics or other trade accessories since 
they are usually warranted separately by their respective manufacturers.  New aircraft are equipped with new 
engines which have a separate Lycoming limited warranty.

ADDITIONAL WARRANTY FOR MAIN & TAIL GEARBOXES

In addition to the warranty specified above, an extended pro-rated warranty shall apply to the main and tail 
gearboxes for the first 2200 hours of service or three years from the date of manufacture, whichever event 
occurs first.  During this period, if a gearbox must be overhauled due to failure of a part which was defective 
when it left the factory, RHC will pro-rate the cost of the overhaul by dividing the hours in service by 2200 or 
the months in service by thirty-six (36), whichever fraction is greater.

THE FOREGOING WARRANTY IS EXCLUSIVE AND IS GIVEN AND ACCEPTED IN LIEU OF ANY AND ALL 
OTHER WARRANTIES AND REPRESENTATIONS, EXPRESS, IMPLIED, OR STATUTORY, WHETHER WRITTEN 
OR ORAL, INCLUDING WITHOUT LIMITATION ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS 
FOR A PARTICULAR PURPOSE OR TRADE USAGE, THE REMEDIES OF THE BUYER SHALL BE LIMITED TO 
THOSE PROVIDED HEREIN.  IN NO EVENT WILL THE MANUFACTURER BE LIABLE FOR LOSSES RESULTING 
FROM LOSS OF USE OF THE HELICOPTER, COLLATERAL, CONSEQUENTIAL OR SPECIAL DAMAGES, OR ANY 
OTHER COSTS.

Warranty adjustments with respect to any helicopter or parts manufactured by RHC will be made only upon 
compliance with the following procedure:

(1) The defective part or assembly, together with a written Warranty Claim, must be returned to RHC not 
later than thirty (30) days after discovery of the defect nor more than thirty (30) days after expiration 
of the Warranty period.

(2) RHC will, after inspection, determine whether the material or part was defective when it left the factory 
and will respond accordingly.  Final determination of a Warranty adjustment rests with RHC.

ROBINSON HELICOPTER COMPANY, INC.
2901 Airport Drive

Effective 1 February 2003 Torrance, California 90505  U.S.A.
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LIMITED PARTS WARRANTY

Robinson Helicopter Company, Inc. (hereafter referred to as RHC) warrants each new helicopter part to be free 
from defects in material and workmanship appearing within one year from the date of delivery from the RHC 
factory or during the first one thousand (1000) hours of operation, whichever event occurs first; provided, 
the part has been subjected to normal use and service. This Warranty is limited to repair or replacement on an 
exchange basis, as selected by RHC, of any part, which upon examination by RHC is deemed to have been 
defective when the part left the factory.  A new warranty period is not established for parts replaced under the 
terms of this Warranty.  Such replacement parts are warranted only for the remainder of the original warranty 
period.  RHC is not responsible for the cost of removing, shipping, or reinstallation of parts under the terms of 
this Warranty.  This Warranty shall not apply to any part which has been repaired or altered outside the factory, 
and which, in RHC’s judgment, has affected the performance or reliability of the part.  This Warranty shall not 
apply to any part which has been subject to corrosion, misuse, negligence or accident, nor to any parts normally 
replaced during routine maintenance, such as, air cleaners, skid shoes, rod end or spherical bearings, light bulbs, 
etc.

RHC makes no Warranty with respect to batteries, instruments, avionics or other trade accessories since they 
are usually warranted separately by their respective manufacturers.

ADDITIONAL WARRANTY FOR MAIN & TAIL GEARBOXES

In addition to the warranty specified above, an extended pro-rated warranty shall apply to the main and tail 
gearboxes for the first 2200 hours of service or three years from the date of manufacture, whichever event 
occurs first.  During this period, if a gearbox must be overhauled due to failure of a part which was defective 
when it left the factory, RHC will pro-rate the cost of the overhaul by dividing the hours in service by 2200 or 
the months in service by thirty-six (36), whichever fraction is greater.

THE FOREGOING WARRANTY IS EXCLUSIVE AND IS GIVEN AND ACCEPTED IN LIEU OF ANY AND ALL 
OTHER WARRANTIES AND REPRESENTATIONS, EXPRESS, IMPLIED, OR STATUTORY, WHETHER WRITTEN 
OR ORAL, INCLUDING WITHOUT LIMITATION ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS 
FOR A PARTICULAR PURPOSE OR TRADE USAGE, THE REMEDIES OF THE BUYER SHALL BE LIMITED TO 
THOSE PROVIDED HEREIN.  IN NO EVENT WILL THE MANUFACTURER BE LIABLE FOR LOSSES RESULTING 
FROM LOSS OF USE OF THE HELICOPTER, COLLATERAL, CONSEQUENTIAL OR SPECIAL DAMAGES, OR ANY 
OTHER COSTS.

Warranty adjustments with respect to any helicopter or parts manufactured by RHC will be made only upon 
compliance with the following procedure:

(1) The defective part or assembly, together with a written Warranty Claim, must be returned to RHC not 
later than thirty (30) days after discovery of the defect nor more than thirty (30) days after expiration 
of the Warranty period.

(2) RHC will, after inspection, determine whether the material or part was defective when it left the factory 
and will respond accordingly.  Final determination of a Warranty adjustment rests with RHC.

ROBINSON HELICOPTER COMPANY, INC.
2901 Airport Drive

01 June 06 Torrance, California 90505  U.S.A.
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CHAPTER 1

GENERAL

1.000  Introduction

The R22 Maintenance Manual contains instructions necessary for proper maintenance, 
servicing, and handling of R22-series helicopters certificated on U.S. FAA Type Certificate 
H10WE.  The R22 Instructions for Continued Airworthiness (ICA) includes the R22 Maintenance 
Manual (MM), R22 Illustrated Parts Catalog (IPC), R22 Pilot’s Operating Handbook (POH), R22 
Service Bulletins (SBs), R22 Service Letters (SLs), Lycoming O-320-series and O-360-series 
Operator’s Manuals, applicable Lycoming technical publications, and applicable component 
manufacturer technical publications.

Service Bulletins are issued by Robinson Helicopter Company (RHC), Lycoming, and 
component manufacturers.  Service Bulletin compliance is mandatory.  RHC technical 
publications are available on our website, www.robinsonheli.com, under the Publications 
tab.  Recent technical publications are available from Lycoming at www.lycoming.com, and 
from Teledyne Continental Motors (TCM) at www.tcmlink.com.

CAUTION

Always read instructions completely before performing a task.

1.001  R22 Maintenance Manual Revisions

Before using the R22 Maintenance Manual, verify it consists of effective pages.  The list 
of effective pages is located in the Revision Log in Chapter 17.  When a new manual is 
purchased, complete and submit the Subscription Order and Renewal Form located in the 
Introduction.  Subscription owners receive publication revisions for a one-year period.  
Renew subscriptions annually.  The revision status for all RHC technical publications is 
available on our website, www.robinsonheli.com, under the Publications tab.

1.002  R22 Maintenance Authorization

Only appropriately certificated mechanics who have successfully completed an R22 
factory-sponsored maintenance course, or are under direct supervision of the above-
stated mechanic, may perform maintenance, repairs, or inspections on R22-series 
helicopters.  Annual inspections of U.S.-registered light helicopters must be performed by 
holders of an Inspection Authorization (IA)  or by repair stations certificated by the Federal 
Aviation Administration (FAA).  The daily preflight and some preventive maintenance 
may be performed by the above-stated mechanics, or by the pilot/owner after receiving 
appropriate instruction in accordance with the R22 Pilot’s Operating Handbook and 
applicable aviation regulations.

1.003  R22 Component Overhaul Authorization

Only appropriately certificated mechanics who have successfully completed an R22 
factory-sponsored component overhaul course, and who possess special tools and 
technical data supplied by RHC, are authorized to disassemble and overhaul or repair 
specific components.
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1.004  Maintenance Record

The Airframe Maintenance Record is available online at www.robinsonheli.com, under the 
Publications tab.

Airframe Maintenance Record blank PDF forms may be used for R22-series, R44-series, 
and R66 Turbine helicopters.  Component Record blank PDF forms may be used for life-
limited or TBO components.  Blank paper copies are available for purchase.

A Component Record is a maintenance record of the removals, installations, or 
maintenance performed on a life-limited or TBO component.  When a life-limited or TBO 
component is installed in the helicopter, the Component Record card is inserted in the 
Airframe Maintenance Record.  When a life-limited or TBO component is removed from the 
helicopter, remove the Component Record card and keep the card with the Component.  
Major assemblies may contain one or more life-limited or TBO component.

RHC encourages operators to utilize Component Record cards to assist in tracking time on 
interchangeable parts since service lives may be different between models.

RHC does not create Component Record cards for spares, however, operators may create 
their own.

RHC’s Repair Station does not require a Component Record card in order to perform work 
on a component, unlike a Component/Return Authorization form.  If RHC’s Repair Station 
performs work on a component and the Component Record card is present, the Repair 
Station will date and make an entry on the card.

RHC recommends using a toner-based laser, or a pigment-based inkjet, color printer and 
65 lb white (96 bright) premium card stock for Maintenance Record or Component Record 
card production.  Maintenance Record binders and tab sets are available separately.

1.005  Notations

The following notations will be found throughout the manual:

NOTE

A NOTE provides emphasis or supplementary explanation.

CAUTION

Equipment damage can result if a CAUTION is not followed.

WARNING

Personal injury or death can result if a WARNING is not followed.
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1.006  Definitions and Abbreviations

Refer to R22 Pilot's Operating Handbook (POH) Section 1, as applicable, for additional 
definitions and abbreviations.

A. Definitions

14 CFR § 27.602 
Critical Part:

A part identified as a 14 CFR § 27.602 critical part within this 
manual is subject to special inspection requirements.  RHC 
Technical Support must be notified whenever the part fails to meet 
the special inspection requirements.

12 years: With respect to a 12 year inspection or life-limit, 12 years means 12 
years from the date of the factory-issued airworthiness certificate 
or factory-issued authorized release certificate (FAA Form 8130-3, 
Airworthiness Approval Tag).

Annually: With respect to an annual inspection, annually means within the 
preceding 12 calendar months.

Datum: An imaginary vertical plane from which all horizontal measurements 
are taken for balance purposes with the aircraft in level flight 
attitude.

Empty Weight: Empty Weight includes the weight of the airframe, powerplant, 
required and installed equipment, fixed ballast, unusable fuel, 
and gearbox oil.  Refer to R22-series Type Certificate Data Sheet 
(TCDS) in Chapter 3.  Refer to Equipment List/Weight and Balance 
Data Sheet (RF 134) and Weight and Balance Record in R22 POH 
Section 6, as applicable, for installed equipment.

Life-Limited Part: Refer to Chapter 3.  Any part for which a mandatory replacement 
limit is specified in the type design, the Instructions for Continued 
Airworthiness, or the maintenance manual.

Time in Service: With respect to maintenance time records, time in service means 
the time from the moment an aircraft leaves the surface of the 
earth until it touches it at the next point of landing.



1.006  Definitions and Abbreviations (continued)

B. Abbreviations

14 CFR: Title 14 of the Code of Federal Regulations.  The Federal Aviation Regula-
tions (FARs) are part of the CFR.

AOG: Aircraft on Ground
ATA-100: Air Transport Association of America Specification No. 100
BL: Butt Line Station locations
CO: Carbon Monoxide
CRA: Component Return/Authorization
ELT: Emergency Locator Transmitter
FS: Fuselage Station locations
HID: High Intensity Discharge
LBL: Left Butt Line Station locations
LED: Light Emitting Diode
MRDS: Main Rotor Drive Shaft
MRGB: Main Rotor Gearbox
OEM: Original Equipment Manufacturer
R22 IPC: R22 Illustrated Parts Catalog
R22 MM: R22 Maintenance Manual
R22 POH: R22 Pilot’s Operating Handbook
RHC: Robinson Helicopter Company
RS: Rotor Station
SB: Service Bulletin
SL: Service Letter
TBO: Time Between Overhaul
TCDS: Type Certificate Data Sheet
TRDS: Tail Rotor Drive Shaft
TRGB: Tail Rotor Gearbox
TS: Tailcone Station locations
TSN: Time Since New
TSO: Time Since Overhaul
WL: Water Line Station locations

1.007  Service Directory

Please visit www.robinsonheli.com and click on the Customer Support tab for a complete 
service directory.

Procure parts from any R22 Dealer or Service Center, or order directly from assigned RHC 
Customer Service Representative via email, fax, or phone.
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1.008  External Dimensions
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FIGURE 1-1  EXTERNAL DIMENSIONS
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1.008  External Dimensions (continued)

FIGURE 1-1A  EXTERNAL DIMENSIONS
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1.008  External Dimensions (continued)

FIGURE 1-1B  EXTERNAL DIMENSIONS



1.009  Version Description

Refer to § 3.200 for Type Certificate Data Sheet.

WARNING

Refer to R22 Illustrated Parts Catalog (IPC) for specific part 
number differences between versions.

R22 Standard: Approved March 16, 1979.  Serial numbers 0002 thru 0199, except 0175. 
Lycoming O-320-A2B or Lycoming O-320-A2C engine normally rated at 
150 horsepower and derated to 124 horsepower.  80/87 minimum grade 
aviation gasoline.  Gross weight 1300 pounds.  Stabilizer angle 1.8–2.3 
degrees nose up.

R22 HP: Serial numbers 0175, 0200 thru 0255, 0257 thru 0300, 0302 thru 
0349, 0352 thru 0356.  Lycoming O-320-B2C engine normally rated 
at 160 horsepower and derated to 124 horsepower.  100LL or 91/96 
minimum grade aviation gasoline.  Gross weight 1300 pounds.  Stabilizer 
angle 1.8–2.3 degrees nose up.

R22 Alpha: Approved October 12, 1983.  Serial numbers 0256, 0301, 0350, 0351, 
0357 thru 0500.  Lycoming O-320-B2C engine derated to 124 horsepower.  
Extended lower steel frames.  Tailcone higher than Standard/HP.  Aft 
battery installation.  Gross weight 1370 pounds.  Stabilizer angle 2.8 
–3.3 degrees nose down.  Auxiliary fuel tank optional for serial numbers 
0457 and subsequent.

R22 Beta: Approved August 12, 1985.  Serial numbers 0501 thru 2570.  Lycoming 
O-320-B2C engine derated to 124 horsepower.  131 horsepower five-
minute take off rating.  Extended lower steel frames.  Higher tailcone 
than Standard/HP.  Aft battery installation.  Seven-hole instrument panel.  
Larger oil cooler.  1370 pounds gross weight.  Stabilizer angle 2.8–3.3 
degrees nose down.  Auxiliary fuel tank optional.  A569-5 low-rpm 
warning unit with starter lockout feature installed in serial number 2115 
and subsequent.  Starter lockout prevents starter activation at less than 
62% rotor rpm when actuator is not fully disengaged; starter may be 
activated above 69% rotor rpm to allow an in-flight engine start.

R22 Mariner: Approved September 12, 1985.  Serial numbers 0364, 0501 thru 
2570 eligible (suffix “M” added to ship serial number).  Similar to Beta 
configuration except includes utility floats and additional corrosion 
protection.  Different tailcone with 1.8–2.3 degrees nose-up horizontal 
stabilizer angle.  Battery in nose when floats installed.  Float stabilizer on 
lower vertical stabilizer in place of tail skid.  May be flown without floats 
VFR day or night.  Day VFR flight only with floats installed.  Auxiliary fuel 
tank optional.  Marine radio package optional.

Instrument 
Trainer:

Alpha, Beta, or Beta II configuration with 10-hole instrument panel.  VMC 
operations only.

Police 
Helicopter:

Alpha, Beta, or Beta II configuration with searchlight, police radio package, 
and 70 amp alternator.
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1.009  Version Description (continued)

R22 Beta II: Approved January 31, 1996.  Serial numbers 2571 and subsequent.  
Lycoming O-360-J2A engine derated to 124 horsepower maximum 
continuous power.  131 horsepower 5-minute take-off rating.  Carburetor 
heat assist.  1370 pounds gross weight.  Stabilizer angle 2.8–3.3 degrees 
nose down.  Throttle only engine governor standard.  A569-5 low-rpm 
warning unit with starter lockout feature standard.  Auxiliary fuel system 
optional.

R22 Mariner II: Approved January 31, 1996.  Serial numbers 2571 thru 3414 eligible 
(suffix “M” added to ship serial number).  Similar to Beta II configuration 
except includes utility floats and additional corrosion protection.  Battery 
in nose when floats installed.  Different tailcone with 1.8–2.3 degrees 
nose-up horizontal stabilizer angle.  Float stabilizer on lower vertical 
stabilizer in place of tail skid.  May be flown without floats VFR day or 
night.  Day VFR flight only with floats installed.  Marine radio package 
optional.
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Perform maintenance & inspection per Lycoming Operator’s Manual.* • • • • •

Perform Lycoming SI 1129B
Methods of Checking DC Alternator and Generator Belt Tension. • •

Perform Lycoming SI 1191A
Cylinder Compression. •

Perform Lycoming SI 1080C
Maintenance Items for Special Attention. • •

Perform Lycoming SB 301B*
Maintenance Procedures and Service Limitations for Valves. •

Perform Lycoming SB 366B
Carburetor Throttle Body Screw Inspection. •

Perform Lycoming SB 388C
Procedure to Determine Exhaust Valve and Guide Condition. • •

Perform Lycoming SB 480E
I. Oil & Filter Change & Screen Cleaning / II. Oil Filter/Screen Content Inspection. • • •

Perform TCM SB 643B
Maintenance Intervals for All TCM & Bendix A/C Magnetos & Related Equipment.

• • •

Perform TCM SB 658
Distributor Gear Maintenance.

• •

Perform TCM SB 663A
Two-Wire Magneto Tach. Breaker Contact (Points) Assy. P/N 10-400507.

• •

Perform 100-hour/annual maintenance & inspection per § 2.400. • •

Lubricate A181-4 Revision K, L, and M bearings per § 2.502. • •

Lubricate A181-4 Revision N bearing per § 2.502. • •

Lubricate A184 bearing per § 2.503. • •

Drain and flush gearboxes per §§ 1.120 & 1.130. •

Clean gearbox chip detectors per § 1.115. • •

Perform FAA AD 88-26-01 R2. •

Overhaul helicopter per § 2.700. •

Inspect emergency locator transmitter (ELT) per 14 CFR § 91.207. •

Test and inspect transponder per 14 CFR § 91.413. •

Perform 12-year maintenance and inspection per § 2.600. •

* Shorter interval than published on referenced document.

TABLE 1  SCHEDULED MAINTENANCE AND INSPECTIONS
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1.100  Helicopter Servicing

1.101  Scheduled Maintenance and Inspections

Required maintenance and inspection intervals are given in Table 1.  Some aircraft may 
require maintenance and inspections in addition to the requirements in Table 1.  Consult 
aircraft maintenance records, Service Bulletins (SBs), aviation regulations, Airworthiness 
Limitations, and Airworthiness Directives (ADs) for applicability.  Publications listed are 
subject to revision.

Preventive maintenance is required between scheduled inspections.  Fluid leaks, 
discoloration, fretting, galling, chafing, nicks, scratches, dents, cracks, and corrosion all 
warrant further investigation.  Unairworthy items must be replaced or repaired as allowed 
by RHC.

1.105  Calibration of Tools

Dimensions and tolerances given in this manual are critical.  Calibrate measuring tools per 
manufacturer’s recommendations at least once a year, when tool is dropped, misused, or 
calibration is suspect.  Measuring tools include torque wrenches, micrometers, calipers, 
dial indicators, spring scales, protractors, and balancing equipment.

WARNING

Proper torque is critical.  Always use calibrated wrenches and 
undamaged, properly lubricated (where applicable) hardware.  
Ensure all clamping surfaces are clean, and clamp only bare metal 
or wet-primed surfaces.  Improper torque or dirty or painted 
clamping surfaces may result in loss of clamp-up, hardware or 
part damage, and premature failure.

1.110  Lubrication – General

WARNING

Refer to appropriate Material Safety Data Sheet (MSDS) and 
take necessary safety precautions when working in proximity to 
hazardous materials.

Most bearings are sealed or self-lubricated and do not require periodic lubrication.  Bearings 
with scheduled lubrication intervals are listed in Table 1.  Engine lubrication requirements 
are contained in the R22 Pilot’s Operating Handbook, the appropriate model Lycoming 
Operator’s Manual, and Lycoming Service Instruction No. 1014 (current revision).  Fill 
main and tail gearboxes to center of sight glasses with A257-2 oil.

WARNING

A257-2 oil is the only approved oil for use in gearboxes.

When a new or overhauled gearbox is installed, it must be drained and the chip detector 
inspected after the first 4 hours of flight or first chip light, whichever occurs first.  
Thereafter, change gearbox oil at intervals per § 1.101.  Additionally, change gearbox oil 
and clean sight glass whenever oil becomes so dirty that its level cannot be determined.



1.115  Chip Detector Cleaning

WARNING

Refer to appropriate Material Safety Data Sheet (MSDS) and 
take necessary safety precautions when working in proximity to 
hazardous materials.

1. Disconnect chip detector wiring from airframe harness at connectors.  For tail gearbox 
chip detector, place suitable drain container below gearbox.  Remove chip detector 
from housing or gearbox.

2. Clean chip detector using a toothbrush and approved solvent (refer to § 1.420).  
Remove debris using compressed air or masking tape; do not use a magnet.  Dry chip 
detector using compressed air or a lint-free cloth.  Inspect condition.

3. Connect chip detector wiring to airframe harness at connectors.  Turn battery on.  
Touch detector’s magnet to airframe and verify appropriate gearbox caution light 
illuminates.  Turn battery off.  Disconnect chip detector wiring from airframe harness 
at connectors.

4. Install chip detector in housing or gearbox.  Special torque threaded chip detector per 
§ 1.330.  Connect chip detector wiring to airframe harness at connectors.

5. Turn battery on.  Depress push-to-test button(s) and verify appropriate gearbox caution 
light illuminates.  Turn battery off.
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FIGURE 1-2  DRAINING MAIN ROTOR GEARBOX
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1.115  Chip Detector Cleaning (continued)

6. As required, remove filler-plug.  Fill gearbox to center of sight glass using A257-2 oil.  
Rotate rotor system by hand for several revolutions and pull down on tail rotor gearbox 
several times.  Check gearbox oil level and adjust as required.  Install filler-plug in 
gearbox and special torque plug per § 1.330.

1.120  Main Rotor Gearbox Drain And Flush

WARNING

Refer to appropriate Material Safety Data Sheet (MSDS) and 
take necessary safety precautions when working in proximity to 
hazardous materials.

1. Run-up helicopter for approximately five minutes at 60-70% RPM per R22 Pilot’s 
Operating Handbook (POH) Section 4 as required to warm oil and expedite draining.

2. Disconnect chip detector wiring from airframe harness at connectors.  Remove chip 
detector from housing.

3. Refer to Figure 1-2.  Insert MT054-1 drain assembly (or MT053-1 drain assembly  for 
threaded chip detector) into housing.  Position drain hose overboard into a suitable 
drain container.  Jam wedge between firewall and drain assembly to open valve and 
drain oil.

4. Remove drain assembly after oil has drained.  Install chip detector (special torque 
threaded chip detector per § 1.330).  Connect chip detector wiring to airframe harness 
at connectors.

5. Remove filler-plug.  Fill gearbox to center of sight glass using SAE30, SAE40, SAE50, 
or SAE20W50 mineral oil.  Install filler-plug and special torque plug per § 1.330.

6. Run-up helicopter for approximately five minutes at 60-70% RPM per POH Section 4.

7. After shutdown, drain mineral oil per steps 2 thru 4.  Remove drain assembly after oil 
has drained.

8. Remove chip detector housing.  Clean chip detector and housing using a toothbrush 
and approved solvent (refer to § 1.420).  Remove debris using compressed air or 
masking tape; do not use a magnet.  Dry chip detector and housing using compressed 
air or a lint-free cloth.  Inspect condition.

9. Connect chip detector wiring to airframe harness at connectors.  Turn battery on.  
Touch detector’s magnet to firewall and verify MR CHIP caution light illuminates.  Turn 
battery off.  Disconnect chip detector wiring from airframe harness at connectors.

10. Install chip detector housing in gearbox and special torque housing per § 1.330.  
Install chip detector in housing.  (Special torque threaded chip detector per § 1.330.)  
Connect chip detector wiring to airframe harness at connectors.

11. As required, remove sight gage and clean glass using approved solvent (refer to § 
1.420).  Install sight gage and special torque gage per § 1.330.



1.120  Main Rotor Gearbox Drain And Flush (continued)

12. Remove filler-plug.  Fill gearbox to center of sight glass using A257-2 oil.  Rotate rotor 
system by hand for several revolutions and pull down on tail rotor gearbox several 
times.  Check gearbox oil level and adjust as required.  Install filler-plug in gearbox and 
special torque plug per § 1.330.

13. Turn battery on.  Depress push-to-test MR CHIP button and verify caution light illumi-
nates.  Turn battery off.

1.130  Tail Rotor Gearbox Drain And Flush

WARNING

Refer to appropriate Material Safety Data Sheet (MSDS) and 
take necessary safety precautions when working in proximity to 
hazardous materials.

1. Run-up helicopter for approximately five minutes at 60-70% RPM per R22 Pilot’s 
Operating Handbook (POH) Section 4 as required to warm oil and expedite draining.

2. Disconnect chip detector wiring from airframe harness at connectors.  Place a suitable 
drain container below tail rotor gearbox and remove chip detector.

3. Remove filler-plug.  Fill gearbox to center of sight glass using SAE30, SAE40, SAE50, 
or SAE20W50 mineral oil.  Install filler-plug and special torque plug per § 1.330.

4. Run-up helicopter for approximately five minutes at 60-70% RPM per POH Section 4.

5. After shutdown, drain mineral oil per step 2.

6. Clean chip detector using a toothbrush and approved solvent (refer to § 1.420).  
Remove debris using compressed air or masking tape; do not use a magnet.  Dry chip 
detector and housing using compressed air or a lint-free cloth.  Inspect condition.

7. Connect chip detector wiring to airframe harness at connectors.  Turn battery on.  
Touch detector’s magnet to airframe and verify TR CHIP caution light illuminates.  Turn 
battery off.  Disconnect chip detector wiring from airframe harness at connectors.

8. Install chip detector in gearbox and special torque detector per § 1.330.  Connect chip 
detector wiring to airframe harness at connectors.

9. As required, remove sight gage and clean glass using approved solvent (refer to § 
1.420).  Install sight gage and special torque gage per § 1.330.

10. Remove filler-plug.  Fill gearbox to center of sight glass using A257-2 oil.  Rotate rotor 
system by hand for several revolutions and pull down on tail rotor gearbox several 
times.  Check gearbox oil level and adjust as required.  Install filler-plug in gearbox and 
special torque plug per § 1.330.

11. Turn battery on.  Depress push-to-test TR CHIP button and verify caution light illumi-
nates.  Turn battery off.
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1.140  A184 Upper Bearing Lubrication

WARNING

Refer to appropriate Material Safety Data Sheet (MSDS) and 
take necessary safety precautions when working in proximity 
to hazardous materials.

NOTE

Kl-115 Special Tools Kit (syringe and probe) required to perform 
the following procedure.

1. Fill syringe with 2-3 grams A257-12 grease (refer to § 1.470).  Note: 2.5 grams of 
grease fills a 0.5 inch (13 mm) long space inside a syringe body with a 0.63 inch (16 
mm) inner diameter.

2. Thoroughly clean an accessible portion of A184 bearing assembly aft rubber seal and 
surrounding surface.

3. Gently press plastic tip of syringe against cleaned seal inner lip until lip deflects inward 
and tip slips into bearing.  Do not damage seal.  Inject grease with syringe perpendicular 
to seal.  Withdraw syringe.  Part of seal’s inner lip remains deflected inward.

4. Slide tip of steel probe under seal inner lip and return deflected portion of lip to original 
position.  Do not damage seal.

5. Run-up helicopter for approximately two minutes 104% RPM per R22 Pilot’s Operating 
Handbook (POH) Section 4.  Shut down, inspect bearing, and clean off any escaped grease.

WARNING

Bearing used in A184 bearing assembly has modified internal 
clearance for use on R22.  Do not substitute any other bearing.
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1.150  Defueling

WARNING

Refer to appropriate Material Safety Data Sheet (MSDS) and 
take necessary safety precautions when working in proximity 
to hazardous materials.

WARNING

Always fuel or defuel helicopter in a well-vented area.  No 
smoking within 100 feet of aircraft during fueling.

1. Turn battery switch and fuel valve off.

2. Place suitable drain container beneath carburetor and ground container to helicopter.

3. Disconnect fuel hose assembly from carburetor.

3. Turn fuel valve on to drain fuel.  (Perform low-fuel switch operation check per § 
12.430, if desired.)

4. Connect fuel hose assembly to carburetor, special torque hose assembly nut per § 
1.330, and torque stripe per Figure 2-1.



1.160  Storage (Greater than 30 days)

1. Record the date helicopter is prepared and placed in storage.

CAUTION

To minimize risk of electrical discharge:  when disconnecting 
battery, disconnect negative (ground) cable from battery first, 
then the positive cable.  When connecting battery, connect 
positive cable to battery first, then the negative (ground) cable.

2. Turn battery off.  Remove cotter rings and wing nuts securing battery box cover 
to box and remove cover.  Remove hardware securing cables to battery.  Remove 
battery.  Inspect and service battery according to battery manufacturer’s instructions.

3. Preserve engine for storage per Lycoming Service Letter no. L180 (current revision).

4. Fill main and tail gearboxes to center of sight glass with A257-2 oil.

5. Fuel helicopter per R22 Pilot’s Operating Handbook (POH) Section 8.

NOTE

Fuel lubricates bladder inner liner and keeps it from drying out 
or cracking.  Refuel helicopter after run-ups during storage.

6. Clean aircraft per POH Section 8.  Verify helicopter is completely dry.

7. Refinish main rotor blades per § 9.142.  Refinish tail rotor blades per § 9.220.  If blade 
paint is unavailable, wax blades.

8. Position helicopter in a hangar or protected environment.

9. Apply suitable non-drying corrosion preventive compound to A166 clutch shaft 
adjacent to seals (where shaft enters and exits upper sheave).

10. Open door vents or remove doors to ventilate cabin as required.

11. Close and latch access doors.

NOTE

During storage, periodically inspect helicopter for corrosion; 
helicopters stored in humid environments will require more 
frequent inspection.
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FIGURE 1-3  GROUND HANDLING WHEELS (LEFT SKID SHOWN)
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1.200  Handling, Jacking, Hoisting, Leveling, and Weighing

1.210  Ground Handling

1.211  Ground Handling Wheels

Refer to R22 Illustrated Parts Catalog (IPC) Figure 9-1.

NOTE

R22 ground handling wheels are installed outboard of landing 
gear skid tubes.  A063-1 wheel assemblies are interchangeable 
(may be installed in right or left skid support).  When wheels are 
installed and in locked position, handle on right skid tube points 
forward and handle on left skid tube points aft.

CAUTION

Handle has a tendency to snap over when raising and lowering the 
helicopter.  Grip handle firmly with both hands during operation.

CAUTION

Remain clear of landing gear skid tubes when helicopter is 
raised.

WARNING

Remove ground handling wheels for flight.

A. Installation

NOTE

Verify proper inflation of ground handling wheel tires.  Maximum 
tire inflation pressure is 70 psi.

1. Refer to Figure 1-3.  Hold ground handling wheel assembly outboard of skid with 
handle left, wheel right, and spindle pointed inboard.  Insert spindle completely 
into skid-mounted support, then pull handle in rightward arc (raises helicopter) until 
handle is in locked position, parallel with the skid.

2. Repeat step to install second wheel assembly (helicopter will rest on skid toes).

B. Removal

1. Refer to Figure 1-3.  Pull ground handling wheel handle in leftward arc (lowers 
helicopter) until handle is in unlocked position, parallel with the skid.  Remove 
spindle from skid-mounted support and remove wheel assembly.

2. Repeat step to remove second wheel assembly.
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FIGURE 1-4  FLOAT LANDING GEAR GROUND HANDLING WHEELS INSTALLATION

INSTALLATION

1. Pull tail down.  Insert forward blocks 
at their lower height under both skids 
at forward marks.

2. Push tail up.  Insert rear blocks at 
their lower height under both skids at 
rear marks.

3. Pull tail down.  Move forward blocks 
“inside” to their upper height under 
skid tubes.

4. Push tail up.  Slide rear blocks out 
(upper height of rear blocks is not 
used) and insert wheels under skids 
at rear marks.

NOTE

Adjust wheel placement as necessary 
to reduce force required to pull tail 
down.

5. Pull tail down and remove forward 
blocks.  Installation is completed.

1.212  Ground Handling Wheels - Float Landing Gear



















1.230  Weighing and CG Calculation (continued)

Reweigh helicopter when helicopter empty weight and empty weight center of gravity have 
been modified and if the accuracy of additional calculations is suspect.

Maintain a continuous record of the helicopter’s weight and balance using the Weight and 
Balance Record in R22 Pilot’s Operating Handbook (POH) Section 6.

NOTE

Verify scales are calibrated.  Operate scales according to scale 
manufacturer’s instructions.

NOTE

Never weigh the helicopter in the wind.  Weigh helicopter on a 
level, flat, hard surface in a zero-wind environment for accurate 
scale readings.

1.231  Preparing Helicopter for Weighing

1. Defuel helicopter per § 1.150.

2. Service engine oil per R22 Pilot’s Operating Handbook (POH) Section 8.  Fill main and 
tail gearboxes to center of sight glass with A257-2 oil.

3. Clean aircraft per POH Section 8.  Verify helicopter is completely dry.

4. Remove items that are not installed equipment (tools, rags, charts, etc.) from baggage 
compartments and stowage areas.

5. Verify cowlings, removable panels, cabin doors, removable controls, and POH are 
installed.

6. Verify Equipment List/Weight and Balance Data sheet (RF 134) and modifications 
recorded in the Weight and Balance Record correspond with installed equipment and 
recorded equipment locations.

1.232  Weighing Procedure and Calculations

NOTE

•	Arm is the distance in inches from datum.
•	Datum is located 100 inches forward of main rotor centerline.
•	CG (arm) is determined by dividing total moment by total weight.

1. Refer to § 1.230.  Prepare helicopter for weighing per § 1.231.

2. Hoist helicopter per § 1.220 approximately one foot above the ground.  Have one 
person hold tail of helicopter while hoisting to stabilize helicopter.

3. With main rotor blades oriented approximately fore and aft, raise both blades off of 
droop stops to allow hub to teeter freely.  Raise tail slightly and allow to settle.
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1.232  Weighing Procedure and Calculations (continued)

4. Refer to Figure 1-8.  With aircraft hanging freely and steady, use a water level and 
measure difference in vertical height between tail rotor gearbox centerline and cabin 
belly at vertical firewall.  Ensure no air bubbles in water level tube.

Record height difference: inches

5. Determine longitudinal center of gravity:

114.47 – [0.315 x (height difference from step 4)] = inches

6. Place a 1000-lb capacity (minimum) scale under each skid.  Locate center of scales 
approximately 10 inches forward of (ground handling wheel ) skid supports.

7. Lower helicopter until it rests entirely on scales.  Helicopter must be well balanced 
on scales before releasing tail.  Be sure helicopter is level laterally by placing level on 
center of aft landing gear cross tube.

8. Determine empty weight:

Right scale reading: lb

Left scale reading: + lb

Tare (leveling shims, hoist fixture, etc.): – lb

Empty weight: = lb

9. Determine CG with full fuel and minimum solo pilot:

a. Bladder tanks:

(CG from step 5) x (Empty weight from step 8) + 29243 =
(Empty weight from step 8) + 310 in.

b. All-aluminum tank(s):

i. With aux tank:

(CG from step 5) x (Empty weight from step 8) + 30180 =
(Empty weight from step 8) + 319 in.

ii. Without aux tank:

(CG from step 5) x (Empty weight from step 8) + 23011 =
(Empty weight from step 8) + 249 in.

10. If CG from step 9 is aft of aft limit (refer to R22 Pilot’s Operating Handbook [POH] 
Section 2 for model-specific data), determine required nose ballast:

[CG from step 5 – (model’s aft limit)] x (Empty weight from step 8) – 2358 =
64.5 lb
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1.232  Weighing Procedure and Calculations (continued)

11. Adjust weight and balance to correct for drained unusable fuel and ballast:

Item Weight (lb)
Longitudinal CG

(arm, inches) Moment (in.-lb)

Multiply empty weight from 
step 8 by CG from step 5 x =

Nose ballast: x 37.5 =

Unusable fuel (add):
10.2*, 6.0**, 

or 3.6*** x 100.0 =

* Bladder tanks
** All-aluminum tank(s) with aux tank

*** All-aluminum tank(s) without aux tank

CAUTION

CG with full fuel and minimum solo pilot weight must be at or 
forward of aft CG limit.

12. Determine lateral center of gravity:

(Right scale reading – Left scale reading)
x 37 =

(Right scale reading + Left scale reading) in.

13. Determine lateral moment:

(Basic Empty Weight) x (lateral CG)= in.-lb



FIGURE 1-9  NOSE BALLAST
(View inside lower console assembly with upper console hinged aft)
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1.240  Ballast Installation

Refer to R22 Illustrated Parts Catalog (IPC) Figure 8-1.

NOTE

Maximum allowable nose ballast is 10.0 lb.

CAUTION

Altering fixed ballast can appreciably affect helicopter center of 
gravity (CG).  If fixed ballast information is unknown, reweigh 
helicopter per § 1.232.

1. Remove screws and hinge upper console assembly aft.  Insert foam support or equivalent 
between console and cyclic to protect instrument faces.

2. Refer to Figure 1-9.  Remove hardware securing A941-2 or -3 ballast plate(s), if installed, 
to A363-1 cover.

3. If A941 ballast attach holes are not previously drilled, use A941 ballast as template and 
mark hole locations.  Drill 0.198 inch diameter (#8 drill size) hole at marked locations.

4. Remove or install ballast plates per calculations in § 1.232.  Select NAS6603 bolt length to 
meet torque requirements per § 1.310.  Install hardware, standard torque bolts per § 1.320, 
and torque stripe per Figure 2-1.

5. Remove foam, hinge upper console assembly forward, and install screws.  Verify security.

6. Reweigh and/or calculate basic empty weight and CG per § 1.232.

7. Revise Weight and Balance Record in R22 Pilot's Operating Handbook (POH) Section 6 to 
reflect ballast removal or installation using the following data:

Weight Longitudinal 
Arm

Longitudinal 
Moment Lateral Arm Lateral 

Moment
Nose ballast 0-10.0 lb 37.5 in. Variable 0.0 in. 0.0 in.-lb
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FIGURE 1-11  SHORTENING TORQUE WRENCH EFFECTIVE LENGTH

FIGURE 1-10  LENGTHENING TORQUE WRENCH EFFECTIVE LENGTH

Given Symbols
Y = Unknown Y = Torque wrench setting
T = 135 in.-lb T = Torque applied to fastener
L = 10 in. L = Length of torque wrench
A = 1.5 in. A = Length of adapter

When using an adapter that lengthens torque wrench effective length, 
calculate torque wrench setting using the formula below:

EXAMPLE

Solve for Y =
T x L

=
135 x 10

=
1350

= 117.39
L + A 10 + 1.5 11.5

Set torque wrench to 117 in.-lb to torque fastener to 135 in.-lb.

Given Symbols
Y = Unknown Y = Torque wrench setting
T = 135 in.-lb T = Torque applied to fastener
L = 10 in. L = Length of torque wrench
A = 1.5 in. A = Length of adapter

When using an adapter that shortens the torque wrench effective length, 
calculate torque wrench setting using the formula below:

EXAMPLE

Solve for Y =
T x L

=
135 x 10

=
1350

= 158.82
L – A 10 – 1.5 8.5

Set torque wrench to 159 in.-lb to torque fastener to 135 in.-lb.
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1.300  Fastener Torque Requirements

1.310  General

A. Tool Calibration

Dimensions and tolerances given in this manual are critical.  Calibrate measuring tools 
per manufacturers recommendation at least once a year, when tool is dropped, misused, 
or calibration is suspect.  This includes torque wrenches, micrometers, calipers, dial 
indicators, and spring scales.

WARNING

Proper torque is critical.  Always use calibrated wrenches and 
undamaged, properly lubricated (where applicable) hardware.  
Ensure clamping surfaces are clean, and clamp only bare metal 
or wet-primed surfaces.  Improper torque or dirty or painted 
clamping surfaces may result in loss of clamp-up, hardware or 
part damage, and premature failure.

B. Torque Value

Torque fasteners to standard dry values listed in § 1.320 unless otherwise specified.  
If torque is applied by rotating bolt, increase torque value by 10% to account for 
higher friction at bolt head and shank.

For example, the torque wrench setting for an NAS6605 bolt used with an MS21075 
nutplate is determined as follows:

NAS6605 bolt (5 indicates 5/16 inch size) dry torque per § 1.320 240 in.-lb
Add 10% because torque must be applied at bolt head +  24 in.-lb
Torque wrench setting 264 in.-lb

C. Secondary Locking Mechanism

A secondary locking mechanism is required on all critical fasteners.  B330 stamped nuts 
(palnuts) serve as the secondary locking mechanism in most areas on the helicopter, 
and are torqued per § 1.320.  Palnuts must be replaced when removed.  The R22 
Illustrated Parts Catalog (IPC) lists secondary locking mechanisms for specific fasteners.

D. Critical Fastener

A critical fastener is one which, if removed or lost, would jeopardize safe operation 
of the helicopter.  This includes joints in the primary control system, and non-fail-safe 
structural joints in the airframe, landing gear, and drive system.

CAUTION

D210-series nuts, which supersede MS21042L-series and 
NAS1291-series nuts, are required on critical fasteners.

WARNING

Assembly of flight controls is critical and requires inspection 
by a qualified person.  If a second person is not available, 
RHC recommends the installer take a 5-minute break prior to 
inspecting flight control connections he has assembled.
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1.310  Torque Requirements (continued)

WARNING

Unless otherwise specified, two threads minimum must be 
exposed beyond nut on any installation to insure proper locking 
of fastener.  Four threads maximum may be exposed.  More 
than four threads exposed may allow nut to seat against bolt 
shank, resulting in insufficient joint clamping.

CAUTION

Never substitute AN bolts for NAS bolts.  NAS bolts have higher 
tensile strength.

E. Torque Requirements

1. Any self-locking nut whose drag has deteriorated appreciably must be replaced.  
Damaged hardware must be replaced.

2. Bolt and nut are to be clean and dry except when assembly procedure specifies 
anti-seize or thread-locking compound.

3. If chattering or jerking occurs, disassemble and re-torque fastener.

4. If special adapters which change effective length of torque wrench are used, final 
torque value must be calculated using formulas in Figures 1-10 and 1-11.

5. Proper thread engagement requires 2-4 threads beyond primary self-locking nut 
(palnuts excepted).

6. Torque wrenches must be calibrated annually, when dropped, or when a calibration 
error is suspected.

1.311  Torque Seal

WARNING

Refer to appropriate Material Safety Data Sheet (MSDS) and 
take necessary safety precautions when working in proximity to 
hazardous materials.

Refer to Figure 2-1.  Torque seal (paint) is applied to all critical fasteners after palnut 
installation in a stripe extending from the fastener's exposed threads across both nuts 
and onto the component.  Subsequent rotation of the nut or bolt can be detected 
visually.  Position torque stripes for maximum visibility during preflight inspections.  
Approved torque seal is listed in § 1.400.



1.320  Standard Torques

NOTE
1. Values in inch-pounds unless otherwise specified.
2. Values include nut self-locking torque.
3. Increase values 10% if torqued at bolt head.
4. Wet indicates threads lubricated with A257-9 anti-seize.
5. For elbow and tee fittings which require alignment, torque to indicated 

value, then tighten to desired position.
6. Values ± 10% unless range is specified.
7. Unless otherwise specified, thread sizes 8-32 and smaller are not used for 

primary structure and do not require control of torques.

FASTENER SERIES SIZE EXAMPLE FASTENER DRY TORQUE

NAS6603 thru NAS6608 Bolts
NAS1303 thru NAS1308 Bolts

NAS623 Screws
NAS1351 & NAS1352 Screws
NAS600 thru NAS606 Screws

10-32 NAS6603 50 in.-lb

1/4-28 NAS6604 120 in.-lb

5/16-24 NAS6605 240 in.-lb

3/8-24 NAS6606 350 in.-lb

7/16-20 NAS6607 665 in.-lb

1/2-20 NAS6608 995 in.-lb

AN3 Bolts
AN4 Bolts
AN6 Bolts
AN8 Bolts

AN502 & AN503 Screws
AN509 Screws
AN525 Screws

MS24694 Screws
MS27039 Screws

10-32 AN3 37 in.-lb

1/4-28 AN4 90 in.-lb

3/8-24 AN6 280 in.-lb

1/2-20 AN8 795 in.-lb

STAMPED NUTS
(PALNUTS)

10-32 B330-7 (MS27151-7) 6 to 15 in.-lb

1/4-28 B330-13 (MS27151-13) 11 to 25 in.-lb

5/16-24 B330-16 (MS27151-16) 20 to 40 in.-lb

3/8-24 B330-19 (MS27151-19) 29 to 60 in.-lb

7/16-20 B330-21 (MS27151-21) 42 to 85 in.-lb

1/2-20 B330-24 (MS27151-24) 54 to 110 in.-lb

TAPERED PIPE
THREADS

1/8-27 N/A 60 in.-lb

1/4-18 N/A 85 in.-lb

3/8-18 N/A 110 in.-lb

1/2-14 N/A 160 in.-lb

3/4-14 N/A 230 in.-lb

ROD END JAM NUTS
(AN315 and AN316)

10-32 AN315-3 15 in.-lb

1/4-28 AN316-4 40 in.-lb

5/16-24 AN316-5 80 in.-lb

3/8-24 AN316-6 110 in.-lb
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1.330  Special Torques

These torques are non-standard and supersede those in § 1.320.

NOTE
1. Values in inch-pounds unless otherwise specified.
2. Values include nut self-locking torque.
3. Increase values 10% if torqued at bolt head.
4. Wet indicates threads lubricated with A257-9 anti-seize.
5. For elbow and tee fittings which require alignment, torque to indicated 

value, then tighten to desired position.
6. Values ± 10% unless range is specified.
7. Unless otherwise specified, thread sizes 8-32 and smaller are not used for 

primary structure and do not require control of torques.

AREA (QUANTITY) FASTENER TORQUE

DRIVE
SYSTEM

(1) AN320-15 nut (1½ inch socket) on A007-3 shaft assembly 183 to 233 ft-lb wet

(1) AN320-18 nut (111/16 inch socket) on A007-5 shaft assembly 340 to 400 ft-lb wet

(6) NAS6606-24H bolts, lower sheave 300 in.-lb

EMPENNAGE (4) NAS6603-2 & (4) NAS6603-5 bolts, vertical stabilizer attach 70 in.-lb

FANWHEEL

(1) AN320-15 or AN320-18 nut – see DRIVE SYSTEM

(8) or (12) NAS6603-3 or -6 bolts and MS21042L3 nuts, cone-
to-fanwheel 70 in.-lb

(6) NAS6605-12, -13, or -14 bolts, hub 300 in.-lb

FUEL SYSTEM

(1) A657-1 nut, fuel valve elbow-to-bulkhead union 120 in.-lb

(1) A726-1 line assembly, bulkhead union-to-gascolator 285 in.-lb

(2) B254-3 strainer assembly, tank outlets 200 in.-lb

(1) B283 hose assembly nuts, gascolator-to-carburetor 120 in.-lb

(5) B289-1 bolts, fuel sender (torque in criss-cross pattern) 37 in.-lb

(2) B330-6 palnut, fuel sender center stud 11 in.-lb

(1) D205-32 hose assembly nuts, main tank-to-fuel valve 120 in.-lb

(1) D205-33 hose assembly nuts, tank interconnect 120 in.-lb

(1) D205-34 hose assembly nuts, main tank drain 60 in.-lb

(16) AN805 nuts, fuel primer line 20-30 in.-lb

(1) AN815-4D union, main tank, drain hose (bladder tanks) 145 in.-lb

(1) AN815-6D union, main tank, tank interconnect hose 200 in.-lb

(1) AN894D4-2 bushing, primer system 50-65 in.-lb

(1) AN894D6-4 bushing, primer system 110-130 in.-lb

(1) AN924-4D nut, main tank, drain valve (bladder tanks) 145 in.-lb

(1) AN924-5D nut, low-fuel warning switch 150 in.-lb

(4) MS27039C1-06 screws, fuel valve 16 in.-lb
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1.330  Special Torques (continued)

AREA (QUANTITY) FASTENER TORQUE

FUEL SYSTEM
(continued)

(4) MS27039DD1-26 screws, air bypass door 22-25 in.-lb

(1) MS21042L4 nut, gascolator mounting plug 70 in.-lb

(1) 0353-6-6 bulkhead union and nut 285 in.-lb

Primer system line assembly nuts, flared end fittings 20-30 in.-lb

FUSELAGE

(1) B277-052 clamp, lower rib 50 in.-lb

(1) D210-5 nut, tow ball 240 in.-lb

(8) MS51861-37C screws, door hinges 36 in.-lb

LANDING 
GEAR

(4) AN4-25A bolts, ground handling support 70 in.-lb

(56) NAS6604 bolts attaching floats to skids and skid 
extensions 50 in.-lb

MAIN ROTOR 
BLADE (2 per blade) B289-2 self-sealing bolts in pitch horn 60–80 in.-lb

MAIN ROTOR 
GEARBOX

(1) AN320-8 nut, gearbox pinion 290-410 in.-lb

(1) AN10-41A bolt, gearbox mounting
(3) A650-1 fittings, gearbox mounting
(requires MS21044N10 nuts)

90 ft-lb dry torqued from 
bolt head or nut

(1) F650-3 bolt, gearbox mounting
(3) A650-3 fittings, gearbox mounting
(requires D210-10 nuts)

65 ft-lb, wet
torque from bolt head or nut

(6) MS20074-04-06 and -15 bolts in end cover 60 in.-lb

(1) chip detector (threaded, non-quick-disconnect type) Large nut 150 in.-lb
Small nut 75 in.-lb

(1) chip detector housing 150 in.-lb

(1) filler plug 150 in.-lb

(1) sight gage 150 in.-lb

MAIN ROTOR 
HUB

(1) NAS630-80 (or MS21250-10080) teeter hinge bolt; 
(2) NAS630-80 (or MS21250-10080) coning hinge 

bolts in A154-1 hub

New bolt: 0.016–0.017 inch 
elongation (stretch), wet
Used bolt: 0.015–0.017 
inch elongation, wet, & 

cotter pin holes must align

(2) NAS632-82 (or MS21250-12082) coning hinge 
bolts in B370-1 hub

New bolt: 0.011–0.012 inch 
elongation (stretch), wet
Used bolt: 0.010–0.012 
inch elongation, wet, & 

cotter pin holes must align
OVERTRAVEL 

SPRING (1) A486 screw, upper rod end 37 in.-lb

POWERPLANT

(1) A058-5 carburetor air temp probe 36–48 in.-lb
(1) A760-1 oil temperature sender 300 in.-lb
(2) B277-024 clamps, carb heat scoop 30 in.-lb
(2) AN818 nuts, manifold pressure line 25–30 in.-lb
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1.330  Special Torques (continued)

AREA (QUANTITY) FASTENER TORQUE

POWERPLANT
(continued)

(4) AN818-8 nuts, oil cooler line (stainless-steel lines) 40 ft-lb

(4) AN818-8 nuts, oil cooler line (aluminum lines) 230–260 in.-lb

(1) AN894D4-3 bushing, manifold pressure line,
at firewall 135–150 in.-lb

(1) 3080-00038 cylinder head temperature probe 70–80 in.-lb

(1) bolt, alternator belt tension 204 in.-lb

(4) bolts, D723-1 oil adapter 90–100 in.-lb

(4) carburetor-to-engine nuts
96 in.-lb initial, 204 in.-lb 

final, torque in a crisscross 
pattern

(8) exhaust riser flange nuts, plain 160–180 in.-lb

(8) exhaust riser flange nuts, self-locking 200–220 in.-lb

(2) ground strap-to-engine nuts 96 in.-lb

(1) nut, B315-1 clip for magneto harness clamp 60 in.-lb

(1) nut on A462-1 carburtetor heat control wire-to-slider 
valve attach fitting 25–30 in.-lb

(1) nut on A462-4 mixture control wire-to-carburetor 
mixture arm attach fitting 25–30 in.-lb

(8) spark plugs 420 in.-lb wet with A257-10 
thread lubricant

(1) thermostatic oil cooler bypass valve 290–310 in.-lb

(6 per cover) valve cover retaining screws when used 
with clean, dry, red silicon gasket on clean, dry valve 
cover and cylinder head mating surfaces

25 in.-lb cold engine,
20 in.-lb warm engine

(1) terminal retaining nut, alternator output terminal (use 
back-up wrench on stud retaining nut to prevent loss 
of stud clamp-up)

50 in.-lb

(2) terminal retaining nuts, D748-3 alternator field and 
aux terminals (use back-up wrench on stud retaining 
nuts to prevent loss of stud clamp-up)

14 in.-lb

(2) terminal retaining nuts, D748-4 alternator field and 
aux terminals (use back-up wrench on stud retaining 
nuts to prevent loss of stud clamp-up)

20 in.-lb

(1) terminal retaining nut, oil temperature sender 20 in.-lb

STEEL TUBE 
FRAME

(2) NAS1351-8H40P internal-wrenching screws 70–75 ft-lb wet

(3) NAS6604-3 bolts – (1) lower-left frame aft strut-to-
upper frame, and (2) on removable aft, right strut

120 in.-lb with B270-1 on 
shank to seal strut holes

SWASHPLATE

(2) AN503-8-4 screws, magnetic pick-up bracket 17 in.-lb

(16) AN503-8-8 screws 17 in.-lb

(1) NAS6605-8 bolt clamping early revision A203 yokes 190 in.-lb

(1 per link) 21FKF-616 jam nut, main rotor pitch link barrel 100 in.-lb
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1.330  Special Torques (continued)

AREA (QUANTITY) FASTENER TORQUE

TAIL ROTOR 
GEARBOX

(1) B549-1 retainer, input seal 70 ft-lb wet

(3) MS20074-04-06 bolts, gearbox-to-tailcone mounting 100 in.-lb

(8) MS20074-04-06 bolts on A021 gearbox 60 in.-lb

(12) MS20074-04-06 bolts on B021 gearbox 100 in.-lb

(1) MS21042L4 nut, A031 pitch control housing stud 90 in.-lb

(1) MS21042L4 nut, A119-1 bumper retainer 120 in.-lb

(1) NAS1291-8 nut retaining B546 input yoke on B021 gearbox 70 ft-lb wet with 
B270-11

(1) NAS1304-38 bolt, spherical tail rotor teeter (delta) hinge 150 in.-lb

(1) NAS6604-38 bolt, elastomeric tail rotor teeter (delta) hinge 150 in.-lb

(1) chip detector on A021 gearbox 100 in.-lb

(1) chip detector on B021 gearbox 60 in.-lb

(1) filler-vent plug 100 in.-lb

(1) sight gage on A021 gearbox 150 in.-lb

(1) sight gage on B021 gearbox 100 in.-lb

WINDSHIELD (24) AN526C832R12 screws, on center outside retainer 16 in.-lb
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1.400  Approved Materials

The following items are available from the noted manufacturer(s) or their distributor(s).  Check 
with appropriate regulatory authority(s) for allowable usage of materials.

WARNING

Refer to appropriate Material Safety Data Sheet (MSDS) and 
take necessary safety precautions when working in proximity to 
hazardous materials.

CAUTION

Follow product manufacturer’s instructions for handling and 
storage.

1.410  Paint Strippers

PRODUCT MANUFACTURER/SUPPLIER APPLICATION

Cee-Bee Stripper 
A-292

McGean-Rohco: Cee-Bee Division
Downey, CA 

Metal parts, except blades and flex plates.

Plastic Media 
Blasting System

Pauli & Griffin Co.
Vacaville, CA

Metal parts except blades and unsupported 
sheet metal less than 0.040 inch thick.

1.420  Solvents and Cleaners

PRODUCT MANUFACTURER/SUPPLIER APPLICATION

QSOL 220 Safety-Kleen Systems, Inc.
Plano, TX

General use for cleaning prior to applying 
primer, topcoat, adhesive, or sealant.

Benzene, 1-Chloro-4 
(Trifluoromethyl) 
PCBTF

Any “ “

Final Klean 3909S Du Pont Chemical
Los Angeles, CA

“ “

EM-Citro* LPS Laboratories, Inc.
Tucker, GA

“ “

Acetone Any “ “

Lacolene
(Aliphatic 
Hydrocarbon)

Any Acrylic plastic cleaner only.

Presolve LPS Laboratories, Inc.
Tucker, GA

Hydraulic components only.

Tetrachloroethylene
(Perchloroethylene)

Any Vapor degreaser.

815 GD Brulin Corporation
Indianapolis, IN

Ultrasonic cleaning, general use.**

SF50 L&R Mfg. Co.
Kearny, NJ

“ “
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1.420  Solvents and Cleaners (continued)

PRODUCT MANUFACTURER/SUPPLIER APPLICATION

#112 Ammoniated or 
#222 Nonammoniated cleaning 
& rinse solution

L&R Mfg. Co.
Kearny, NJ

Ultrasonic cleaning, avionics 
components only.

* May be used on acrylic plastic.
** Mix 5%-20% by volume; titration not required.

1.430  Fillers and Putty

PRODUCT MANUFACTURER/SUPPLIER APPLICATION

315 Putty & Blue Cream
Hardener

DuPont Chemical
Los Angeles, CA

Minor surface imperfections.

05960 Acryl - Green 3M
St. Paul, MN

“ “

SBF1191 Gearhead Products
Indianapolis, IN

“ “

1.440  Torque Seal

PRODUCT MANUFACTURER/SUPPLIER APPLICATION

F-900
(Any color except red)

Organic Products Co.
Irving, TX

Torque seal.

1.450  Primers

PRODUCT MANUFACTURER/SUPPLIER APPLICATION

Gray epoxy CA 7422A/B/C
or CA 7501A/B

PRC - Desoto Int., Inc.
Sylmar, CA

Unlimited.

Gray epoxy 4001PS001 with 
CS4902 curing solution

AkzoNobel
Waukegan, IL

Aviation Primer, Green, 
A-702 (Aerosol)*

Valspar Corporation
Medina, OH

Limited or touch-up use only.

* Shelf life is two years.

1.455  Powder Coat

PRODUCT MANUFACTURER

13-7004 Corvel Grey 
Zinc Rich Epoxy Powder*

AkzoNobel
Santa Fe Springs, CA

81-2158 Vitralon Grey
Zinc Rich Epoxy Powder*

Pratt & Lambert Chemical Coatings
Buffalo, NY

39/80020 Smooth Matte 
Black
Polyester Topcoat Powder*

Tiger Drylac USA
Cucamonga, CA

* Shelf life is 12 months from date of manufacture at ambient temperature.
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FIGURE 1-12  PAINT CODES
(Refer to Chapter 9 for rotor blade paint dimensions. 

 Exterior surface codes are D & F unless otherwise specified.)

1.455  Powder Coat (continued)

PRODUCT MANUFACTURER

49/72460 Smooth Glossy 
Gray RAL 7043
Polyester Topcoat Powder*

Tiger Drylac USA
Cucamonga, CA

49/22460 Smooth Glossy 
Yellow RAL 1028
Polyester Topcoat Powder*

“ “

PFWF104S9 White
Polyester Topcoat Powder*

Dupont Co.
Wilmington, DE

* Shelf life is 12 months from date of manufacture at ambient temperature.
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1.460  Paints

Refer to Figures 1-12 and 1-13 for paint code application.  Paint codes for specific helicopter 
serial numbers are listed on the inside cover of factory-supplied maintenance record (logbook).

NOTE

Use fisheye eliminator, accelerator, or other additives per 
manufacturer's recommendations.

CODE MATERIAL MANUFACTURER

A

Flat Black Imron 373-P-29950 Axalta
Wilmington, DE

Semi-gloss Black 3900-05 with 39-SG catalyst and water reducer Cardinal Industrial Finishes
El Monte, CA

Semi gloss Black 656-58-7038 with X-503 activator AkzoNobel
Waukegan, IL

B Dark gray Imron AF400/AF700 Axalta
Wilmington, DE

C
Engine gray IE-8948 Randolph Products Co.

Carlstadt, NJ
Lycoming A219 gray engine enamel (aerosol can touch-up; shelf life 
2 years)

Tempo Products
Cleveland, OH

D White Imron AF400/AF700 Axalta
Wilmington, DE

E Yellow Imron AF400/AF700 “ “

F Imron AF400/AF700 Colors “ “

G Clear Imron AF740 Axalta
Wilmington, DE

H Semi-gloss Clear 656-58-9000 with X-503 activator AkzoNobel
Waukegan, IL

J White Imron 2.1 FT flat polyurethane enamel with FG-1333 activator 
and T-1021 or T-1022 thinner

Axalta
Wilmington, DE

K

White Cat-L-Ink 50-100R (shelf life 3 years)
20/A Catalyst (shelf life 2 years)

Ethone, Inc.
West Haven, CT

Yellow Cat-L-Ink 50-202AR or BR (shelf life 3 years)
20/A Catalyst (shelf life 2 years)

“ “

Med Red Cat-L-Ink 50-508R (shelf life 3 years)
20/A Catalyst (shelf life 2 years)

“ “

L Red Imron AF400/AF700 Axalta
Wilmington, DE

M Orange Imron AF400/AF700 “ “

N Krylon 1311 (shelf life 2 years)
Matte Clear (aerosol can)

Krylon Div. of Borden
Columbus, OH

O Light gray Imron AF400/AF700 Axalta
Wilmington, DE

P Silver Bullet AM Tracer Black 20-452AM-F1 with 16-CURE-F4 
activator

Burke Industrial Coatings
Ridgefield, WA
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FIGURE 1-13  PAINT CODES



OCT 2014 Chapter 1  General Page 1.43

1.460  Paints (continued)

For limited touch-up of interior and landing gear only:

CODE MATERIAL MANUFACTURER

A

Krylon 1613 (shelf life 2 years)
Semi-Flat Black (aerosol can)

Krylon Div. of Borden
Columbus, OH

NYBC 14 (shelf life 2 years)
Semi-Flat Black

New York Bronze Powder Co.
Scranton, PA

Cardinal A-2000-05
Flat Black (aerosol can)

Cardinal Industrial Finishes
So. El Monte, CA

1.470  Lubricants

RHC PART 
NO. LUBRICANT TYPE MANUFACTURER’S 

PART NO. MANUFACTURER

A257-1 Grease
(general purpose)

101 Southwestern Petroleum Corp.
Fort Worth, TX

A257-2 Gear oil 201
SAE 90

Southwestern Petroleum Corp.
Fort Worth, TX

A257-3 Grease Aero Shell 14
MIL-G-25537

Shell Oil Co.

A257-4 Oil
(automatic
transmission fluid)

Dexron II or
Dexron II/Mercon or
Dexron III/Mercon

Quaker State or Pennzoil

A257-5 Grease
(water resistant)

3120

11402

Sta-Lube, Inc.
Compton, CA

Lubrimatic
Buffalo Grove, IL

A257-6 Grease
(fuel resistant)

Fuelube

EZ Turn

Fleet Supplies Inc.
Cleveland, OH

United-Erie Div. of Interstate Chemical Co.
Erie, PA

A257-7 Dry film lubricant Lubri-Kote 
Type A 1040 CR

Mealey Ind. Lubricants
Cleveland, OH

A257-8 Rubber lubricant P-80 International Products Corp.
Trenton, NJ

A257-9 Anti-seize Silver Grade Loctite Corp.
Newington, CT

A257-10 Substitute A257-16

A257-12 Grease Mobilgrease 28
MIL-PRF-81322

Exxon Mobil Corp.

A257-16 Engine oil Type M 20W-50,
SAE J1966

Phillips 66 Co.
Pasadena, TX
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1.470  Lubricants (continued)

RHC PART 
NO. LUBRICANT TYPE MANUFACTURER’S 

PART NO. MANUFACTURER

A257-16 Engine oil Aviation oil 20W-50,
SAE J1966

Exxon Mobil Corp.
Fairfax, VA

A257-17 Substitute A257-19

A257-18 O-ring lubricant 55 Dow Corning Corp.
Midland, MI

A257-19 Valve lubricant and 
sealant compound

111 Dow Corning Corp.
Midland, MI

A257-21 Petrolatum
lubricant

P-16 Panef Corp.
Milwaukee, WI

1.480  Adhesives and Sealants

RHC 
PART NO. DESCRIPTION COLOR MFR. PART NO. MANUFACTURER

B270-1 Sealant - polysulfide, fuel resistant 
(2-part)

Sealant - polysulfide, fuel resistant 
(2-part)

Sealant - polysulfide, fuel resistant 
(2-part)

Gray

Gray

Gray

FS-8907 B-2

WS-8032 B-2

AC-350 B-2

PPG Aerospace
Glendale, CA

Royal Adhesives & 
Sealants
Wilmington, CA

Advanced Chemistry 
& Technology Inc.,
Garden Grove, CA

B270-2 Substitute B270-1

B270-4 Substitute B270-13

B270-5 Sealant - synthetic rubber putty 
(1-part)

White
Light Gray

Q4-2805
94-031

Dow Corning Corp.
Midland, MI

B270-6 Sealant & lubricant - thread 
(1-part)

Gray Titeseal 55 Radiator Spec. Co.
Charlotte, NC

B270-7 Substitute B270-14

B270-8 Adhesive - rubber, nitrile/acetone 
(1-part)

Tan C 160 Stabond Corp.
Gardena, CA

B270-9 Adhesive - epoxy, structural, 
flexible (2-part)

Gray 2216 B/A 3M Co.
St. Paul, MN

B270-10 Adhesive/sealant - threadlocker, 
anaerobic, tight-fits (1-part)

Red 271 Henkel Loctite Corp.
Rocky Hill, CT

B270-11 Adhesive/sealant - threadlocker, 
anaerobic, loose-fits (1-part)

Red 277 Henkel Loctite Corp.
Rocky Hill, CT
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1.480  Adhesives and Sealants (continued)

RHC 
PART NO. DESCRIPTION COLOR MFR. PART NO. MANUFACTURER

B270-12 Sealant - electrical potting (2-part) Any color 
except red

MIL-PRF-8516
Type II, Class 2, 
Category A or B

Any

B270-13 Sealant - silicone rubber, 
noncorrosive (1-part)

Translu-
cent

3145 Dow Corning Corp.
Midland, MI

B270-14* Adhesive - foam, neoprene/water 
(1-part)

White
Lavender

100 Neutral
100 Lavender

3M Co.
St. Paul, MN

B270-15 Adhesive - plastic, for vinyl 
(1-part)

Clear 2262 3M Co. 
St. Paul, MN

B270-16 Substitute B270-14

B270-17 Adhesive - cyanoacrylate, instant 
(1-part)

Clear Super Bonder
495

Henkel Loctite Corp.
Rocky Hill, CT

B270-18 Adhesive - weather strip (1-part) Black 051135-08008 3M Co.
St. Paul, MN

B270-19 Adhesive - epoxy structural, rigid 
(2-part)

Green 1838 B/A 3M Co.
St. Paul, MN

B270-20 Adhesive/sealant - threadlocker, 
anaerobic, non-permanent (1-part)

Purple 222 or 222MS Henkel Loctite Corp.
Rocky Hill, CT

B270-21 Protectant - corrosion, non-drying 
(1-part)

Lt. Amber LPS 3 LPS Laboratories, Inc.
Tucker, GA

B270-22 Protectant - corrosion, drying (1-
part)

Amber LPS Hardcoat LPS Laboratories, Inc.
Tucker, GA

B270-23 Sealant - gasket (1-part)

Sealant - gasket (1-part)

Brown

Brown

GM3H (Gasket 
Maker #4)

JV66B

Perfect Seal, Inc.
Cincinnati, OH

Dana Corp.; 
Churubusco, IN
(Victor Reinz Brand)

B270-24 Activator/Primer - Anaerobic 
adhesive (1-part)

Translu-
cent

Green

7649 Henkel Loctite Corp.
Rocky Hill, CT

B270-25 Clear Coat - automotive touch up, 
brush in bottle (1-part)

Clear Clear Coat
Touch up Bottle

Automotivetouchup
Harahan, LA

B270-26 Sealant - Polysulfide, window 
glazing (2-Part)

Black AC-251B-1 Advanced Chemistry 
& Technology Inc.,
Garden Grove, CA

* B270-8 may be substituted for B270-14.
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1.490  Storage Limits

1. B283 hoses have a shelf storage life of 5 years.  Hose service life is “on condition”, 
with a maximum of 12 years.

2. Elastic cords have a shelf storage life of 5 years.  Elastic cord service life is “on 
condition”, with a maximum of 12 years.  Use invoice or FAA Form 8130 date as start 
date.

3. Store V-belts at less than 85º F (30º C), with relative humidity below 70%.  Avoid 
solvent and oil vapors, atmospheric contaminants, sunlight, and ozone sources (electric 
motors, arc welding, ionizing air purifiers, etc.).  Belt shelf life is 4 years if preceding 
recommendations are followed.  Use invoice date or FAA Form 8130 date as start 
date.

4. Oils and greases have a 5 year shelf life when stored and kept sealed in their original 
container.  Use invoice date or FAA Form 8130 date as start date unless the manufacturer 
has marked container with manufacture date (in which case use manufacture date as 
start date).

5. Rubber o-rings, seals, and gaskets have a shelf storage life of 20 quarters (5 years).  
Flourocarbon (Viton) and silicon rubber products shall adhere to manufacturer’s 
expiration date(s).  Service life is “on condition” with a maximum of 12 years.  Use 
cure date on package as start date.

6. Store fuel cell (bladder) at temperatures above 45º F and below 75º F.
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CHAPTER 2

INSPECTION

2.000  Introduction

The R22 helicopter must be inspected periodically to verify it is in airworthy condition.  
Required inspection intervals are maximum 100 hours time in service or 12 calendar months 
(annually), whichever occurs first.  Fluid leaks, discoloration, dents, scratches, nicks, cracks, 
galling, chafing, fretting, and corrosion all warrant further investigation.  Unairworthy items 
must be replaced or repaired as allowed by Robinson Helicopter Company.  This section 
contains procedures for performing the required periodic airframe inspections.

2.100  General Procedures

Unless otherwise specified, the following general procedures apply to R22 inspection.  When 
required, magnetic particle inspection may be performed in accordance with ASTM E 1444 
and MIL-STD-1907.  Fluorescent penetrant inspection may be performed in accordance with 
ASTM E 1417 and MIL-STD-1907.

2.110  Ball and Roller Bearings

The first indication of bearing failure is usually an increase in bearing noise.  Noise 
will almost always start several hours before bearing failure or any increase in bearing 
temperature.  Listen to drive system during start-up and shutdown.  A failing bearing will 
produce a loud whine, rumble, growl, or siren sound.  Upon hearing an unusual noise, 
thoroughly inspect all bearings before further flight.  A failing bearing may have a distorted 
seal or be exuding a large amount of grease.  Do not rely on Telatemps to detect failing 
bearings as temperature increase may occur only seconds before bearing disintegrates.  
Refer to § 2.501.

The failure of either actuator bearing in flight could cause loss of power to the rotor 
system and could result in a serious accident.  The actuator upper ball bearing is on the 
clutch shaft aft of the upper sheave; the actuator lower roller bearing is on the fanshaft aft 
of the lower sheave.  Just before complete failure of an actuator bearing, the clutch light 
may flicker constantly (on and off in less than one second).  This should not be confused 
with its normal on-off re-tensioning in flight (on for 1-8 seconds then off).  Flight should 
not be resumed until cause of the flickering clutch light has been determined.

2.120  Push-Pull Tubes, Rod Ends, and Spherical Bearings

2.121  Push-Pull Tubes

Nicks, cuts, or scratches in tube not more than 0.010 inch deep and not more than 
1/4 of tube circumference may be polished out in lengthwise direction using 320-grit 
or finer wet-or-dry abrasive paper and 1-inch minimum blend radius.  If depth exceeds 
these limits, tube must be replaced.

If tube is dented or flattened more than 5 percent of its diameter, it must be replaced.
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2.122 Rod Ends and Spherical Bearings

Refer to Figure 2-1.

1. Maximum axial play:  0.020 inch
Maximum radial play:  0.010 inch

2. Looseness between bearing outer race and rod end housing is not permitted.

3. Rod ends not riveted in place must block passage of 0.020 inch diameter wire 
through witness hole.

4. Rod end jam nuts and palnuts must be torqued per § 1.320 and torque striped, per 
§ 1.310, at the most visible position for pre-flight inspection.  Torque stripe must 
extend across nuts to both rod end shank and push-pull tube (or pitch link barrel, 
yoke, support, strut, etc.).  Torque stripes are subject to deterioration and must be 
periodically renewed.

5. Rod ends must be centered, i.e., rod ends should be positioned to allow as much 
movement as possible without binding.

WARNING

Assembly of flight controls is critical and requires inspection 
by a qualified person. If a second person is not available, the 
installer must take a 5-minute break prior to inspecting flight 
control connections he has assembled.

CAUTION

Teflon-lined bearings must not be lubricated or solvent cleaned.
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2.410  Inspection Procedures and Checklist (continued)

6. Open Cowling Door(s) (6A & 6B) & Remove Aft Cowling (6C) (continued)

Fuel Tank Sump Drain(s):  Inspect condition.  Verify drain valve(s) open 
easily, drain fuel freely, spring closed, and seal completely.

Low Fuel Warning:  Turn battery on.  With a clean wooden dowel, gently 
depress low fuel sender float in main fuel tank and verify LOW FUEL warning 
light illuminates after approximately 1 second delay.  Turn battery off.

Fuel Cap(s):  Refer to Figure 2-4A.  Verify A689-6 fuel cap is revision J 
or subsequent if bladder tanks are installed.  Inspect condition.  Verify no 
deterioration of gasket(s).  Verify security when closed.  Refer to R22 SB-
107; verify cap decal is legible and properly installed, and alignment marks 
on cap and tank align when cap is fully closed.

Collective Jackshaft Supports:  Inspect condition.  Inspect rod ends per § 
2.120.  Verify no cracks or corrosion.  Verify strut ends are sealed.  Verify 
security.

Collective Jackshaft:  Inspect condition.  Verify no cracks or corrosion.  If 
open type, verify no internal corrosion.  Verify security.  Verify operating 
clearance.

Swashplate Push-Pull Tubes:  Inspect condition of visible portions.  Verify 
no cracks at ends.  Inspect rod ends per § 2.120.  Verify no tears in, 
or wear through, heat-shrink sleeves on forward push-pull tubes.  Verify 
security and operating clearance.

Push-Pull Tube Guides or Rollers:  Inspect condition.  Verify cleanliness, no 
wear into metal, and free movement of rollers.  Verify security.

FIGURE 2-4A  A689-6 FUEL CAPS
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2.410  Inspection Procedures and Checklist (continued)

6. Open Cowling Door(s) (6A & 6B) & Remove Aft Cowling (6C) (continued)

Tail Rotor Push-Pull Tube and Bellcrank (at forward end of A121-15 push-
pull tube):  Inspect condition.  Inspect rod ends per § 2.120.  Verify no 
cracks in tube ends.  Verify no cracks at bellcrank sheet metal mounting.  
Verify security and operating clearance.

Main Rotor Gearbox Cooling Air Duct and Nozzle:  Inspect condition.  Verify 
security.  Verify no rips, holes chafing, or obstructions.  Inspect condition 
and verify security of horizontal firewall grommet around duct.

FIGURE 2-4B  A947-1 FLEX PLATE INSPECTION AND REPAIR LIMITS
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2.410  Inspection Procedures and Checklist (continued)

6. Open Cowling Door(s) (6A & 6B) & Remove Aft Cowling (6C) (continued)

Main Rotor Gearbox:  Inspect condition, especially gearbox mounts, 
static mast tube-to-gearbox attachment, and mast tube lower casting (if 
applicable).  Inspect Telatemp per § 2.130.  Verify proper oil level with no 
leakage.  Verify security.  Verify security of Hall Effect senders.

NOTE

At 500 hours time in service or annually, whichever occurs 
first, remove chip detector and clean any varnish accumulation 
from detector’s magnetic probe and adjacent metal body (a 
toothbrush dampened with solvent works well).  Also, drain 
and flush gearbox at intervals not to exceed 500 hours time in 
service (refer to § 1.120).

Rotor Brake:  Inspect condition, including activating cable & pulley and 
microswitch.  Verify integrity of brake pads and 0.030 inch minimum pad 
thickness.  Verify brake pad clearance to input yoke when brake is off. 
Verify security and operating clearance.

MRGB Input Yoke:  Inspect condition.  Verify security and operating 
clearance.  Verify security of magnets.

Forward Flex Plate:  Inspect condition, particularly edges.  Verify security.  
See Figure 2-4B for A947-1 plate inspection and repair limits.  Verify 
bonded washers are securely bonded to both sides of each flex plate arm. 
Verify operating clearance.

WARNING

A193 flex plates, which do not have bonded washers, are 
obsolete and must be replaced with A947 flex plates having 
bonded washers.  If a bonded washer separates from an A947 
flex plate, flex plate is unairworthy and cannot be repaired.  
Ensure A947-1 forward flex plate is Rev E or subsequent 
(identified by letter, “E” or subsequent letter, on two adjacent 
arms of flex plate).

Clutch Shaft Forward Yoke:  Inspect condition.  Verify no cracks, corrosion, 
or fretting.  Verify security and operating clearance.

Clutch Assembly:  Inspect condition.  Verify no oil leakage.  Verify no clutch 
shaft corrosion, especially at shaft-to A966-1 seal junctures.  Remove any 
light surface corrosion at shaft-to-seal junctures and apply wax or suitable 
corrosion preventative compound.  Verify no cracks in seal retainer plates.

NOTE

Clutch assembly lubricant inspection and servicing (§ 7.214) is 
recommended every 500 hours time in service.
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2.410  Inspection Procedures and Checklist (continued)

6. Open Cowling Door(s) (6A & 6B) & Remove Aft Cowling (6C) (continued)

Upper Sheave:  Inspect condition.  Verify smoothness of drive belt contact 
surfaces.  Replace any sheave having corrosion, pitting, flaking, roughness, 
sharp ridges, wear through anodized coating, or blistering of optional 
metalized coating.

Upper Steel Tube Frame:  Inspect condition.  Verify no cracks or corrosion.  
If corrosion is found, inspect and repair per § 2.560.  Use an inspection 
light and mirror to inspect all parts of each weld.

CAUTION

Upper steel tube frame is fatigue loaded and therefore susceptible
to fatigue cracks.  Inspect all joints very thoroughly.

Horizontal Firewall:  Inspect condition, especially where bolted to steel 
structure.  Verify no cracks, buckling, or wrinkles.

Cabin Aft Bulkhead:  Inspect condition.  Verify no corrosion, loose rivets, 
deformation, or cracks.

Fasteners & Torque Stripes:  Inspect condition and verify security of all 
fasteners.  Renew deteriorated torque stripes per Figure 2-1.

7. Remove Side Skirts (7A, 7B, 7D, & 7E), Spark Plug Access Covers (7C & 7F), and 
Battery Box Cover (7G, alternate location under upper console or left seat)

Engine:  Refer to Lycoming Operator's Manual (Lycoming P/N 60297-12 or 
60297-16, as applicable) Sections 4 and 5 and Lycoming Sl 1080 (current 
revision) for 100-hour or annual inspection and service procedure.

Muffler:  Open heater shroud (if installed).  Inspect muffler condition.   
Verify no cracks or ruptures.  Pay particular attention to tail pipe and riser 
attachment areas, welds, clamps, riser flanges and gaskets.  Verify no 
internal obstructions.

Muffler Leak Check:  Pressurize muffler with low pressure air and inspect 
for leakage by applying soapy water to exterior and looking for air bubbles.  
Verify security.

WARNING

Exhaust system failure can result in carbon monoxide poisoning, 
partial loss of power, or fire.

Heater Shroud (if installed):  Inspect condition.  Close and secure shroud 
and connect hoses.

Engine Cooling Panels:  Inspect condition.  Pay particular attention to panel 
attached to oil cooler and panel attached to alternator cooling hose.  Verify 
no cracks or missing or loose fasteners.  Verify security.



2.410  Inspection Procedures and Checklist (continued)

7. Remove Side Skirts (7A, 7B, 7D, & 7E), Spark Plug Access Covers (7C & 7F), and 
Battery Box Cover (7G, alternate location under upper console or left seat) (continued)

Alternator & Pulley:  Inspect condition.  Verify steel pulley (use magnet); 
aluminum pulley is not approved.  Verify security.

Alternator Wiring:  Inspect condition.  Verify no evidence of arcing.  Verify 
security of output, aux, and field terminal studs.  Verify no damage to 
insulating spacer at output stud.  Verify wiring security.

Alternator Belt:  Inspect condition.  Replace belt if there are any cracks, 
missing teeth or delamination.  Check tension per Lycoming Service 
Instruction 1129 (current revision).  Verify proper belt alignment.

Emergency Spare Alternator Belt:  Remove if installed.

Alternator Cooling Hose:  Inspect condition.  Verify no obstructions or 
holes.  Verify security.

Vertical Firewall:  Inspect condition.  Verify no cracks, buckling, or wrinkles, 
especially around structural attachment points.

Lower Steel Tube Frames:  Inspect condition.  Verify no corrosion or cracks, 
especially at welds.  If corrosion is found, inspect and repair per § 2.560.  
Verify proper torque (see § 1.320) and safety wiring of drilled-head bolt at 
lower left frame-to-cabin-belly attachment.

Engine Mounts:  Inspect condition.  Verify security.  Replace rubber mounts 
exhibiting significant deflection or other than superficial cracks.

Throttle Control:  Verify carburetor butterfly bellcrank contacts idle rpm 
adjustment screw with collective full down and throttle grip at idle position.   
Verify bellcrank contacts full-open stop when throttle is opened with 
collective half-up.  Inspect rod end per § 2.120.  Verify operating clearance, 
especially at vertical firewall.

Throttle Correlation Rigging:  Check per § 10.150 and adjust as required.

Full Throttle Switch Rigging:  Check per § 14.1220 and adjust as required.

Carburetor Mixture Control:  Verify carburetor mixture control moves 
carburetor mixture control arm stop to stop.  Inspect condition and verify 
security of mixture control cable clamp(s) on air box bracket; push and pull 
cable housing to ensure it does not slip in clamp(s).  Inspect condition and 
verify security of mixture control cable inner wire attachment to carburetor 
mixture control arm.  Ensure freedom of rotation between mixture control 
arm and inner wire retention fitting (bolt) when arm moves.  Verify mixture 
control safety spring is properly installed (so spring force moves mixture 
control arm to full-rich position if inner wire breaks).

Engine Electrical Wiring, Alternator Control Unit:  Inspect condition.  Verify 
no wire chafing.  Inspect connections.  Verify security and no corrosion.
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2.410  Inspection Procedures and Checklist (continued)

7. Remove Side Skirts (7A, 7B, 7D, & 7E), Spark Plug Access Covers (7C & 7F), and 
Battery Box Cover (7G, alternate location under upper console or left seat) (continued)

Oil Lines & Elbows:  Inspect condition.  Verify clearance and no cracks or 
abrasions.  Wires, ty-raps, and structure must not contact lines.

Oil Line Clamps:  Inspect condition.  Verify no broken clamps.

Oil Cooler:  Inspect condition.  Verify no cracks or leakage.  Verify security.  
Verify airflow path through cooling fins is unobstructed.

Gascolator:  Inspect condition.  With fuel valve in OFF position, remove and 
clean gascolator bowl and filter screen.  Reinstall bowl, turn fuel valve ON. 
Safety wire retainer after ensuring no leakage.  Verify drain valve opens 
easily, drains fuel freely, springs closed, seals completely, and is torque-
striped per § 1.310.

Fuel Hose:  Inspect condition, verify security, clearance, no cracks, abrasion 
or leakage.

Carburetor Air Box:  Open air box.  Inspect condition.  Verify free movement 
of disk in drain valve (not applicable to Mariners).  Verify security.  If 
installed, verify free movement and full closure of spring-loaded alternate 
air door.

Carburetor Heat Valve:  Verify carburetor heat control fully opens and 
closes slider valve.  Inspect condition and verify security of carburetor heat 
cable clamp on air box.  Inspect condition and verify security of carburetor 
heat control cable inner wire attachment to slider valve.

Air Filter:  Clean B771-1 air filter per § 6.435.  Close and secure air box.

Carburetor Air Inlet Hose:  Inspect condition.  Verify no obstructions, 
leakage, or chafing.  Verify security.

Carburetor Heat Scoop and Hose:  Inspect condition.  Verify security.  
Verify no obstructions, leakage, chafing, or scoop cracks.

Heater Hoses (if installed):  Inspect condition.  Verify security and no 
obstructions, leakage, or chafing.  Verify security.

Battery, Battery Cables, and Battery Box (alternate locations under upper 
console or left seat):  Inspect condition.  Check each battery cell electrolyte 
for quantity and specific gravity (non-sealed batteries only).  As required, 
perform capacity test or replace battery per manufacturer’s instructions.  
Verify battery cable security and no cracked or corroded terminals.  Verify 
security of, and no obstructions in, battery box drain tube (if installed).

Fasteners & Torque Stripes:  Inspect condition and verify security of all 
fasteners.  Renew deteriorated torque stripes per Figure 2-1.
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2.410  Inspection Procedures and Checklist (continued)

8. Remove Tailcone Fairing (8)

Tailcone Fairing:  Inspect condition.

Upper Steel Tube Frame:  Inspect condition.  Verify no cracks or corrosion.   
If corrosion is found, inspect and repair per § 2.560.  Use an inspection 
light & mirror to inspect all parts of each weld.

CAUTION

Upper steel tube frame is fatigue loaded and therefore susceptible
to fatigue cracks.  Inspect all joints thoroughly.

Tailcone-to-Upper Frame Attachment:  Inspect condition.  Verify security.

Upper Frame Protective Clamp:  Inspect clamp protecting right side upper 
frame tube from drive belt contact; replace if wear has penetrated clamp.  
If clamp is not installed, verify no more than 0.0049 inch wear into frame 
tube due to drive belt rubbing.  Protective clamp may be installed per Figure 
2-4C on any R22 if desired.

FIGURE 2-4C  UPPER FRAME PROTECTIVE CLAMP INSTALLATION
(View looking forward)

MAR 2016 Chapter 2  Inspection Page 2.25



Page 2.26 Chapter 2  Inspection MAR 2016

2.410  Inspection Procedures and Checklist (continued)

8. Remove Tailcone Fairing (8) (continued)

Actuator Upper Bearing:  Inspect condition.  Verify no more than 0.060 inch 
axial play.  Verify no fretting between bearing inner race and clutch shaft.  
Verify bearing inner race has not slipped relative to clutch shaft.  Inspect 
Telatemp per § 2.130.  Perform § 2.501 bearing inspection if unexplainable 
Telatemp increase has occurred.

CAUTION

A184 bearing requires periodic lubrication per § 1.101.

Actuator Upper Bearing Lubrication:  Perform as required.

Clutch Lateral Centering Strut Assembly:  Inspect condition.  Inspect rod 
ends per § 2.120.  Verify security.

Intermediate Flex Plate and Yokes:  Inspect condition.  If fretting is detected, 
replace flex plate.  Verify no cracks in yoke welds.  Verify security.  Verify 
operating clearance (0.25 inch minimum to tail rotor controls with actuator 
disengaged).

Tail Rotor Push-Pull Tubes and A331-1 Bellcrank:  Inspect condition.  Verify 
no cracks at tube ends.  Inspect rod ends per § 2.120.  Verify security and 
operating clearance.

Drive V-Belts:  Inspect per § 2.507.

Fanshaft:  Inspect condition.  Perform 360° visual inspection of exposed 
fanshaft for cracks.  Verify security and safety wiring of attaching bolts.

Actuator Lower Bearing:  Inspect condition, verify bearing inner race has 
not slipped relative to fanshaft.  Inspect Telatemps per § 2.130.  Perform § 
2.501 bearing inspection if unexplainable Telatemp increase has occurred.

CAUTION

A181-4 bearing requires periodic lubrication per § 1.101.

Actuator Lower Bearing Lubrication:  Perform as required.

Lower Bearing Brackets:  Verify no looseness or cracking in A185 brackets 
which secure actuator lower bearing to scroll.

Fiberglass Scroll:  Inspect condition.  Verify no damage to vane assembly in 
upper right scroll.  Verify security.  Verify drain hole is unobstructed.

Scroll Metal Inlet Lips & Gap (if installed):  Inspect condition.  Verify 0.020 
to 0.100 inch gap between lips and fanwheel inlet.  (Attach holes in lips 
may be elongated to facilitate gap adjustment.)

Fanwheel Assembly:  Inspect condition.  Verify no cracks or corrosion.  
Check leading edge of vanes for damage.  Verify alignment of roll pin and 
slippage marks on fanwheel.  If marks and roll pin do not align, remove 
fanwheel and inspect hub and shaft for damage.  Verify security.
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2.410  Inspection Procedures and Checklist (continued)

11. Open Mast Faring (11) (continued)

FIGURE 2-8  MEASURING UPPER SWASHPLATE SCISSORS PLAY
(Identify scissors bearing type and measure as shown)
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FIGURE 2-9  MAIN ROTOR BLADE TIP AND TIP COVER

2.410  Inspection Procedures and Checklist (continued)

12. Rotor Hub and Hinge Bolts

Hub:  Inspect condition.  Verify no nicks, scratches, gouges, or corrosion.  
If main rotor imbalance is suspected, check teeter and coning hinge friction  
per § 9.124.  Verify no brown or black residue (indicates bearing wear).

Hinge Bolts:  Inspect condition.  Verify cotter pins are in place and secure.  
Verify bolt heads and nuts are torque striped to thrust washers.

Pitch Links and Rod Ends:  Inspect condition.  Inspect rod ends per § 
2.120, including centering.  Verify security, including jam nut tightness and
proper safety wiring.

Fasteners & Torque Stripes:  Inspect condition and verify security of all 
fasteners.  Renew deteriorated torque stripes per Figure 2-1.

13. Main Rotor Blades

Boots:  Inspect condition.  Verify no boot damage or oil leakage.  Verify 
proper boot position and security.  Verify sufficient clearance from hub 
assembly through full control travel.

Blade Spindles & Root Fittings:  Inspect area for damage per § 9.133.  
Comply with FAA Airworthiness Directive 88-26-01 (current revision) as 
required (A158-1 spindles only).  Verify proper installation and security of 
visible fasteners.  Renew deteriorated torque stripes per Figure 2-1.
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2.410  Inspection Procedures and Checklist (continued)

13. Main Rotor Blades (continued)

A016-6 Main Rotor Blade Inspection:  Remove tip covers.  Remove corrosion 
and loose paint from tip covers, blade tips, and skin-to-spar bond lines.  Epoxy 
prime, or prime and paint, any exposed bare metal on tip covers, blade tips, 
and skin-to-spar bond lines.  Using an AN970-4 washer or 1965-or-later 
U.S. quarter-dollar coin, tap-test critical bond areas and verify no dull or 
hollow sounds.  Visually inspect critical bond areas and verify no separation.  
Install tip covers, ensuring cover edges are flush with blade profile.

A016-4 Main Rotor Blade Bond Inspection:  Perform R22 SB-103A or 
subsequent.

Main Rotor Blade Inspection:  Inspect skins and doublers for scratches and 
corrosion per § 9.131.  Inspect blades for dents and local deformations 
per § 9.132 and for voids per § 9.134.  As required, wax blades with 
soft cleaning cloths using carnauba-type wax (such as SC Johnson® Paste 
Wax).  Ensure tip cover and blade tip drain holes are unobstructed.

WARNING

Structural damage may occur if compressed air is applied to blade 
tip drain holes.

14. Cabin

General:  Verify no loose equipment that might interfere with controls.

Seat Belts:  Inspect condition.  Verify no fraying or broken stitching.  Check 
inertia reels for proper operation.  Check buckles for proper operation.  
Verify security.

Windows:  Minor defects or imperfections that do not impair pilot's visibility 
are considered acceptable.  Acceptable defects include:

One nick, no more than 0.010 inch deep and no larger than 0.25 by 
0.50 inch per square foot.

Scratches no more than 0.010 inch deep and 5 inches long.

Any surface defect such as small spots or stains that can be removed 
with light polishing.

For cracks and crazing adjacent to windshield edges refer to § 2.590.

Yaw String:  Inspect condition.  Minimum 3 inches long each side.  Verify 
security.

Exterior:  Inspect condition.  Verify no cracks, corrosion, or damage.  Verify 
no loose rivets.  Loose rivets may be indicated by cracked paint and/or 
black residue around heads.

Left and Right Navigation Lights:  Inspect condition.  Verify red left, green 
right, lens cleanliness, and security.
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2.410  Inspection Procedures and Checklist (continued)

14. Cabin (continued)

Doors:  Inspect condition.  Verify no structural cracks around hinges or 
door latches.  Check door vents for operation.  Ensure door hinge pins 
are secured with cotter pins.  Check tightness of hinge mounting screws.  
Verify proper operation of door latching and locking mechanisms.

Fasteners & Torque Stripes:  Inspect condition and verify security of all 
fasteners.  Renew deteriorated torque stripes per Figure 2-1.

15. Landing Gear

Skid Tubes and Shoes:  Inspect condition.  Verify no more than 0.5 inch 
wide flat area on underside of skid tube due to wear.  Verify longitudinal 
scratches are not more than 0.030 inch deep, and circumferential scratches 
are not more than 0.030 inch deep & are less than 0.50 inch long.  Verify 
drain holes are open (not applicable to float landing gear).  Verify security 
of rain caps. Verify minimum 0.05 inch shoe thickness.

Struts and Elbows:  Inspect condition.  Verify no cracks or corrosion, 
especially where joined and in weld areas at bottom of struts.  Verify 
security.  If helicopter routinely performs running landings, torque check 
strut-to-skid-tube bolts.

Cross Tubes:  Inspect condition.  Verify minimum tail skid height per § 
5.210.  Verify no corrosion.  Verify security of rain caps.  If a rain cap is 
loose, verify no internal corrosion.  Verify no fretting at elbows.

Landing Gear Attach Points:  Inspect condition.  Verify no loose fasteners, 
cracks, buckling, or fretting.  Inspect mounts and verify no loose swages 
or worn bearings.

Floats (if installed):  Perform relief valve and bulkhead tests per § 2.580 (2) 
and (3).  Verify proper inflation pressure per R22 POH.  Inspect condition.  
Verify security.

Float Skid Tubes (if installed):  Remove drain plugs at aft end of skid 
extensions.  With ground handling wheels installed, pull down on tailcone 
to drain any trapped moisture.  Install drain plugs.

Fasteners & Torque Stripes:  Inspect condition and verify security of all 
fasteners.  Renew deteriorated torque stripes per Figure 2-1.

16. Life-limited Parts, Component Overhaul and Retirement, ADs, & SBs

Life-Limited Parts:  Replace life-limited parts that have reached maximum 
service life per § 3.300.  Verify components installed correspond with 
helicopter maintenance record and have sufficient time remaining for 
projected operations.

Component Overhaul:  Replace components that have reached maximum 
service before overhaul per § 3.100.  Verify components installed correspond 
with helicopter maintenance record and have sufficient time remaining for 
projected operations.
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2.410  Inspection Procedures and Checklist (continued)

16. Life-limited Parts, Component Overhaul and Retirement, ADs, & SBs

Component Retirement:  Replace components that have reached maximum 
service life per § 3.100.  Verify components installed correspond with 
helicopter maintenance record and have sufficient time remaining for 
projected operations.

Airworthiness Directives:  Verify applicable airframe, engine, and accessory 
Airworthiness Directives (ADs) have been performed according to AD 
compliance procedures.  Some aircraft may be affected by ADs that require 
recurring inspections at less than 100-hour or annual intervals.  Recent 
U.S. Airworthiness Directives are available online at www.faa.gov.

Service Bulletins:  Verify applicable airframe, engine, and accessory Service 
Bulletins (SBs) have been complied with according to manufacturers’ 
instructions.  Some aircraft may be affected by SBs that require recurring 
inspections at less than 100-hour or annual intervals.  RHC Service Bulletins 
are available online at www.robinsonheli.com, under the Publications tab.

17. Required Documents and Placards

Documents:  Check that required documents (Airworthiness Certificate, 
Registration, applicable Radio Station License, Pilot’s Operating Handbook, 
Equipment List/Weight & Balance Data) are on board, legible, and current.

Placards:  Verify required placards are properly installed, legible, and current.  
Refer to Pilot’s Operating Handbook Section 2 for placard requirements.

18. Inspection and Access Covers

Foreign Objects Removed:  Verify all tools, loose hardware, rags, and other 
foreign objects are removed from helicopter.

Covers Closed and Secure:  Install/close all inspection and access covers 
removed in preceding steps.  Verify security of all access covers.

Mariner Airbox Sealed:  Ensure air box cover perimeter is sealed with 
aluminum tape (Mariner models only).

19. Maintenance Records

Maintenance Records:  Verify maintenance records are accurate, legible, 
and complete.  Enter maintenance performed (such as part replacement, 
equipment adjustments, servicing, and lubrication) and inspection data. 
Data must include a description of (or reference to data acceptable to the 
Administrator) the work performed, date, helicopter total time in service, 
signature, certificate type and certificate number of person approving 
aircraft for return to service.

Inspection Procedures and Checklist completed:

Mechanic’s signature: Date:
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2.800  Additional Special Inspections

2.810  Volcanic Ash Recommendations

Flight in visible volcanic ash conditions (“ash cloud”) is detrimental to the helicopter and 
should be avoided.  If helicopter has been operated in visible volcanic ash conditions:

1. Refer to Lycoming SI 1530.  Wearing suitable protective equipment, use vacuum 
cleaner followed by compressed air to remove as much debris as possible.  Do not use 
compressed air near main rotor blade drain holes.

2. Refer to R22 Pilot’s Operating Handbook (POH) Section 8.  Thoroughly clean, wash, 
and rinse helicopter, including inner circumference of drive belts.

3. Remove main rotor blade tip covers and clean blade tips.

4. Using 10X magnification, visually inspect any exposed main rotor blade skin-to-
spar bond line (adhesive) for gaps (empty space between skin and spar).  Blade is 
unairworthy if any gap, including “pin hole(s)”, is detected in the bond line.  Refinish 
blade as required.

5. Inspect condition of drive belt sheaves.  Replace any sheave having corrosion pitting, 
flaking, wear thru metalized or anodized coatings, roughness, or sharp ridges.  Replace 
drive belts if either sheave has sharp ridge(s) on drive belt contact surface.

6. Disconnect alternator drive belt from alternator.  Spin alternator pulley by hand and 
verify rotor bearings and brushes operate smoothly; repair alternator as required if 
roughness or unusual noise is encountered (volcanic ash can enter via unfiltered 
cooling air).  Inspect alternator and ring gear support pulleys and verify no wear steps; 
replace alternator belt and pulley(s) if wear steps exist.  Perform Lycoming SI 1129B 
alternator belt tension check and adjust as required.

7. Clean airbox interior and:

a. Inspect air filter and clean or replace as required.

b. Inspect induction system downstream of air filter (a clean, white glove is beneficial).  
If volcanic ash is found then:

i. Clean induction system, disassembling as required.

ii. Disassemble carburetor or fuel injection servo, as applicable, inspect for internal 
contamination, and overhaul as required.

iii. Perform Lycoming SI 1191A Cylinder Compression check.

iv. Perform Lycoming SB 388C Procedure to Determine Exhaust Valve and Guide 
Condition.

v. Inspect spark plug condition; service as required.

8. Remove each magneto’s distributor gear inspection plug and inspect visible internal 
portion for contamination; overhaul magnetos if volcanic ash is found inside (magneto 
vent plugs are unfiltered).



2.810  Volcanic Ash Recommendations (continued)

9. Inspect engine oil condition.  Regardless of oil time-in-service if oil smells bad, is 
opaque (or is not obviously brown), or if particulates are detectable on the dipstick, 
change engine oil & oil filter, inspect suction screen and old oil filter, and perform 
Lycoming SI 1191A Cylinder Compression check if not previously accomplished in 
step 6.

2.820  Lightning Strike

Lightning strikes are extremely rare for helicopters operating in VFR conditions.

If a lightning strike does occur, RHC recommends performing a 100-hour inspection per 
§ 2.400 and following recommendations for aircraft struck by lightning per Lycoming 
Service Bulletin No. 401.

High voltage that is well conducted through the aircraft structure will dissipate and cause 
minimal damage.  High voltage that is not well conducted through the aircraft structure 
can result in excessive heat, which can bake, burn, char, or even melt certain materials.  
Heat damage may or may not be detectable by visual inspection.  A component may not 
exhibit obvious damage, but temperatures above 300º F can alter the strength of some 
materials and thus affect a component's service life and airworthiness.

Visually inspect main rotor blades, landing gear, drive train, airframe, and flight controls 
thoroughly for obvious damage such as electrical arcing or burns, pitting, or cracking.  
Particular attention should be given to rod ends, journals, etc., where the conductive 
path is most susceptible.  If obvious damage is detected in any of the above-mentioned 
systems, additional components may require replacement.  Contact RHC Technical 
Support with detailed documentation for further guidance prior to approving aircraft for 
return to service.
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CHAPTER 3

LIFE-LIMITED COMPONENTS

3.000  Life-Limited Components

3.001  Introduction

This section lists fatigue life-limited parts and specified overhaul requirements for the R22 
helicopter.

3.002  Time-In-Service Records

It is the operator’s responsibility to maintain accurate time-in-service records for the 
airframe, engine, and life-limited components.  R22s are equipped with either an oil-
pressure-activated hourmeter which records engine run time or a collective-activated 
hourmeter which records flight (collective up) time.  Either method may be used to track 
time in service, however numerical values for service lives depend on the tracking method 
used (refer to § 3.300).

Calendar time in service for the airframe and engine begins on the date of the original 
RHC-issued Export (or Standard) Certificate of Airworthiness for the helicopter.  Calendar 
time in service for spares without a storage limit (refer to § 1.490) begins on the date of 
the RHC-issued Airworthiness Approval Tag (Authorized Release Certificate) issued with 
the invoice.

When installing a life-limited part or a part with an overhaul requirement, record in the 
helicopter maintenance record the installation date, part number, part name, serial number, 
helicopter total time, and time in service accumulated by part since new or since last 
overhaul, as applicable.

WARNING

Components with mandatory overhaul or retirement intervals 
whose time-in-service is not reliably documented cannot be 
considered airworthy and must be removed from service.

3.003  Fatigue Life-Limited Parts

The Airworthiness Limitations Section lists the mandatory replacement schedule for 
fatigue life-limited parts.

Listed items must be removed from the helicopter at the specified intervals and permanently 
retired from service by destroying or damaging each part so it cannot inadvertently be 
returned to service.  Fatigue lives are based upon normal flight service, including 6 rotor 
stop-starts and 10 autorotation entries per hour.
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3.100  Inspection and Overhaul Requirements

WARNING

Suspected damaged parts removed from damaged aircraft are 
not to be reinstalled in any aircraft unless part has been returned 
to RHC, together with its damage history, for inspection and is 
found by RHC to be airworthy.

3.110  Powerplant Overhaul Requirements

The engine must be overhauled in accordance with the engine manufacturer’s overhaul 
recommendations and procedures.  Refer to latest revision of Textron Lycoming Service 
Instructions No. 1009.

3.120  Aircraft Overhaul Requirements

The complete airframe, including rotor systems, drive system, control system, and 
fuselage, must be overhauled as instructed by Robinson Helicopter Company when any 
of the following occur:

1. When the helicopter has been operated for 2200 hours since new or since last overhaul.

2. When an inspection of the helicopter indicates extensive subsurface corrosion in the 
primary structure, drive system or control system.

3. When the helicopter condition has deteriorated so the helicopter can no longer meet 
the performance, controllability or safety specifications given in the Pilot’s Operating 
Handbook.

4. When the aircraft has been in service for twelve years since new or since last overhaul, 
regardless of the hours flown.

3.130  12-Year Inspection and Limited Overhaul Requirements

The helicopter must be inspected and specified components replaced per § 2.600 when 
the aircraft has been in service for twelve years since new or since last overhaul.

3.140  Additional Bearing Replacement Requirements

R22 main rotor gearbox assemblies S/N 0002 thru 0232 must be returned to RHC for 
replacement of original pinion bearings at first 1000 hours time in service.

3.200  Type Certificate Data Sheet (TCDS)

The Robinson R22-series Type Certficate Data Sheet (TCDS) reprinted on the following 
pages is subject to revision.

Visit the FAA Aircraft Certification Regulatory and Guidance Library online databases for 
TCDS revision status at:  http://rgl.faa.gov.
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DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

H10WE
REVISION 15

ROBINSON
R22
R22 ALPHA
R22 BETA
R22 MARINER

August 15, 2013

TYPE CERTIFICATE DATA SHEET NO. H10WE

This data sheet, which is a part of Type Certificate No. H10WE, prescribes conditions and limitations under which the product 
for which the type certificate was issued meets the airworthiness requirements of Title 14 of the Code of Federal Regulations.          

Type Certificate Holder: Robinson Helicopter Company
2901 Airport Drive
Torrance, California  90505

I.  Model R22 Helicopter (Normal Category), Approved March 16, 1979

Engine Lycoming O-320-A2B or O-320-A2C or
O-320-B2C (See NOTES 5 & 6)

Fuel 80/87 minimum grade aviation gasoline (for O-320-A2B and A2C)
91/96 UL minimum grade aviation gasoline (for all engines)                 
100 LL minimum grade aviation gasoline (for all engines)
100/130 minimum grade aviation gasoline (for O-320-B2C)

Engine Limits for all operations Maximum rpm 2652 (124 hp) (104%)
See RFM for maximum manifold pressure corresponding to 124 hp.
See RFM for altitude limitations.

Rotor Limits 

Airspeed Limits (CAS) Vne (never exceed) Power On and Power Off 98 KCAS sea level to 3,000 feet
density altitude, decreasing to 83 KCAS at 8,000 feet density altitude, decreasing to 
56 KCAS at 14,000 feet density altitude.  Straight line variation between points.

Altitude Limits Density Altitude Limit - 14,000 feet

CG Range

                                                                                                      

Straight Line Variation Between Points shown.  See Figure 1.

Power Off (Rotor Tach.) Power On (Rotor Tach.)
Maximum (110%) 561 rpm (104%) 530 rpm
Minimum   (90%) 459 rpm (97%) 495 rpm

Longitudinal CG GW Lateral  CG
Minimum 920 pounds to

95.5 1225 +1.0R - 0.8L
96.5 1300
97.0 - 2.2L
97.5 - 2.2L
98.0 +2.6R
100.0 1300
101.5 1130 +1.2R - 0.7L



H10WE Page 2 of 10

I.  Model R22 Helicopter (Normal Category), Approved March 16, 1979, (cont'd)

Maximum Gross Weight 1300 lbs.

No. Seats 2 (See NOTE 1)

Minimum Weight 920 lbs.

Maximum Baggage 50 pounds of baggage and installed equipment in either baggage compartment, 
except combined seat load plus baggage and equipment not to exceed 240 pounds.

Fuel Capacity
Tank

Tanks Without Bladders Tanks With Bladders Location
(STA)Capacity

(gal.)
Usable
(gal.)

Capacity
(gal.)

Usable
(gal.)

Main 19.8 19.2 18.3 16.9 108.6
Auxiliary N/A N/A 9.7 9.4 103.8

Oil Capacity Engine Oil, 1.5 Gals. at STA 104.8;
Transmission oil, 0.3 Gal. at STA 100.

Rotor Blade and Control Movements For rigging information refer to R22 Maintenance Manual

Serial Nos. Eligible 0002 thru 0300
0302 thru 0349
0352 thru 0356

II.  Model R22 ALPHA Helicopter (Normal Category), Approved October 12, 1983

Engine Lycoming O-320-B2C

Fuel 91/96 UL minimum grade aviation gasoline       
100 LL minimum grade aviation gasoline                                 
100/130 minimum grade aviation gasoline                          

Engine Limits for all operations Maximum rpm 2652 (124 hp) (104%)
See RFM for maximum manifold pressure corresponding to 124 hp.
See RFM for altitude limitations.

Rotor Limits

Airspeed Limits (CAS) Vne (never exceed) Power On and Power Off 98 KCAS sea level to 3,000 feet 
density altitude , decreasing to 83 KCAS at 8,000 feet density altitude, 
decreasing to 56 KCAS at 14,000 feet density altitude.  Straight line
variation between points.

Altitude Limits Density Altitude Limit  - 14,000 feet

Power Off (Rotor Tach.) Power On (Rotor Tach.)
Maximum (110%) 561 rpm (104%) 530 rpm
Minimum (90%) 459 rpm (97%) 495 rpm
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II.  Model R22 ALPHA Helicopter (Normal Category), Approved October 12, 1983, (cont'd)

CG Range                                                        
                                                                                                                            

                                                                       
Straight Line Variation Between Points Shown.  See Figure 2.                                                                                                                                                                            

If empty weight CG arm (moment/empty weight) is greater than 104.8, fixed ballast 
must be installed in the helicopter's nose at F.S. 38.0 to allow a minimum solo pilot 
weight of 130 pounds.  (Minimum pilot weight with auxiliary fuel tank is 135 
pounds.)

Maximum Gross Weight 1370 lbs.

No. Seats 2 (Pilot Location STA 78.0)

Minimum Weight 920 lbs.

Maximum Baggage 50 pounds of baggage and installed equipment in either baggage compartment, 
except combined seat load plus baggage and equipment not to exceed 240 pounds.

Fuel Capacity
Tank

Tanks Without Bladders Tanks With Bladders Location
(STA)Capacity

(gal.)
Usable
(gal.)

Capacity
(gal.)

Usable
(gal.)

Main 19.8 19.2 18.3 16.9 108.6
Auxiliary 10.9 10.5 9.7 9.4 103.8

Oil Capacity Engine oil, 1.5 Gals. at STA 104.8;
Transmission oil, 0.3 Gal. at STA 100.

Rotor Blade and Control Movements For rigging information refer to R22 Maintenance Manual.

Serial Nos. Eligible 0301, 0350, 0351, 0357 thru 0500, excluding 0364

III.  Model R22 BETA Helicopter (Normal Category), Approved August 12, 1985

The R22 BETA Helicopter includes a 131 hp. takeoff rating.  A larger oil cooler and associated installation changes were made to 
permit the 131 hp. takeoff rating with the O-320 engine.

Engine Lycoming O-320-B2C or O-360-J2A (See NOTE 11)

Fuel 91/96 UL minimum grade aviation gasoline       
100 LL minimum grade aviation gasoline
100/130 minimum grade aviation gasoline

Engine Limits for all operations Maximum continuous (124 hp.) 2652 rpm (104%)
Takeoff (5 minutes) (131 hp.) 2652 rpm (104%)
See RFM for maximum manifold pressure corresponding to hp. rating
and ambient conditions.  See RFM for altitude limitations.

Rotor Limits

Longitudinal CG GW Lateral  CG
Minimum 920 pounds to

95.5 1275 +1.0R - 0.8L
96.5 1370
97.0 - 2.2L
98.0 + 2.6R -2.2L

100.0 1370
102.0 1175 +1.2R - 0.5L

Power Off (Rotor Tach) for
O-320-B2C and O-360-J2A

Power On (Rotor 
Tach) for O-320-B2C

Power On (Rotor Tach) 
for O-360-J2A

Maximum (110%) 561 rpm (104%) 530 rpm (104%) 530 rpm
Minimum (90%) 459 rpm (97%) 495 rpm (101%) 515 rpm
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III.  Model R22 BETA Helicopter (Normal Category), Approved August 12, 1985, (cont'd)

Airspeed Limits (CAS) Vne (never exceed) Power On and Power Off 98 KCAS sea level to 3,000 feet
density altitude, decreasing to 83 KCAS at 8,000 feet density altitude, decreasing to 
56 KCAS at 14,000 feet density altitude.  Straight line variation between points.

Altitude Limits Density Altitude Limit  - 14,000 feet

CG Range

Straight Line Variation Between Points Shown.  See Figure 2.
If empty weight CG arm (moment/empty weight) is greater than 104.8, fixed ballast 
must be installed in the helicopter's nose at F.S. 38.0 to allow a minimum solo pilot 
weight of 130 pounds.  (Minimum pilot weight with auxiliary fuel tank is 135 
pounds.)

Maximum Gross Weight 1370 lbs.

No. Seats 2 (Pilot Location STA 78.0)

Minimum Weight 920 lbs.

Maximum Baggage 50 pounds of baggage and installed equipment in either baggage compartment, 
except combined seat load plus baggage and equipment not to exceed 240 pounds.

Fuel Capacity
Tank

Tanks Without Bladders Tanks With Bladders Location
(STA)Capacity

(gal.)
Usable
(gal.)

Capacity
(gal.)

Usable
(gal.)

Main 19.8 19.2 18.3 16.9 108.6
Auxiliary 10.9 10.5 9.7 9.4 103.8

Oil Capacity Engine oil, 1.5 Gals. at STA 104.8;
Transmission oil, 0.3 Gal. at STA 100.

Rotor Blade and Control Movements For rigging information refer to R22 Maintenance Manual.

Serial Nos. Eligible 0501 and subsequent

IV.  Model R22 MARINER Helicopter (Normal Category), Approved September 12, 1985

The R22 MARINER helicopter includes two inflatable floats, additional corrosion protection, 131 hp. takeoff rating, tailcone 
with nose-up horizontal stabilizer mounting angle and float stabilizer in place of the tail skid.  The helicopter can be used with or 
without floats.  (See NOTE 9)

Engine Lycoming O-320-B2C or O-360-J2A (See NOTE 11)

Fuel 91/96 UL minimum grade aviation gasoline       
100 LL minimum grade aviation gasoline
100/130 minimum grade aviation gasoline

Engine Limits for all operations Maximum continuous (124 hp.) 2652 rpm (104%)
Takeoff (5 minutes) (131 hp.) 2652 rpm (104%)
See RFM for maximum manifold pressure corresponding to hp. rating
and ambient conditions.  See RFM for altitude limitations.

Longitudinal CG GW Lateral  CG
Minimum 920 pounds to

95.5 1275 +1.0R - 0.8L
96.5 1370
97.0 - 2.2L
98.0 +2.6R - 2.2L

100.0 1370
102.0 1175 +1.2R - 0.5L
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IV.  Model R22 MARINER Helicopter (Normal Category), Approved September 12, 1985, (cont'd)

Rotor Speed Limits

Airspeed Limits (CAS) With Floats Installed
Vne (never exceed) Power On 91 KCAS sea level to 3,000 feet density altitude, 
decreasing to 77 KCAS at 7,500 feet density altitude, decreasing to 50 KCAS at 
14,000 feet density altitude.  Straight line variation between points.

Vne (never exceed) Power Off 77 KCAS sea level to 7,500 feet density altitude, 
decreasing to 50 KCAS at 14,000 feet density altitude.  Straight line variation 
between points.

Without Floats Installed
Vne (never exceed) Power On and Power Off 98 KCAS sea level to 3,000 feet 
density altitude, decreasing to 83 KCAS at 8,000 feet density altitude, decreasing to 
56 KCAS at 14,000 feet density altitude.  Straight line variation between points.

Altitude Limits Density Altitude Limit  - 14,000 feet

CG Range With Floats Installed:
Longitudinal CG GW Lateral  CG

Minimum 920 pounds to
95.5 1275 +1.0R - 0.8L
96.5 1370
97.0 - 2.2L
98.0 +2.6R - 2.2L

100.0 1370
101.0 1207 +1.3R - 1.0L

Without Floats Installed:
Longitudinal CG GW Lateral  CG

Minimum 920 pounds to
95.5 1275 +1.0R - 0.8L
96.5 1370
97.0 - 2.2L
98.0 +2.6R - 2.2L

100.0 1370
101.5 1125 +1.1R - 0.8L

Straight Line Variation Between Points Shown.  See Figure 3.

Maximum Gross Weight 1370 pounds

No. Seats 2 (Pilot Location STA 78.0)

Minimum Weight 920 pounds

Maximum Baggage 50 pounds of baggage and installed equipment in either baggage compartment, 
except combined seat load, plus baggage and equipment not to exceed 240 pounds.

Fuel Capacity
Tank

Tanks Without Bladders Tanks With Bladders Location
(STA)Capacity

(gal.)
Usable
(gal.)

Capacity
(gal.)

Usable
(gal.)

Main 19.8 19.2 18.3 16.9 108.6
Auxiliary 10.9 10.5 9.7 9.4 103.8

Power Off (Rotor Tach) for
O-320-B2C and O-360-J2A

Power On (Rotor 
Tach) for O-320-B2C

Power On (Rotor 
Tach) for O-360-J2A

Maximum (110%) 561 rpm (104%) 530 rpm (104%) 530 rpm
Minimum (90%) 459 rpm (97%) 495 rpm (101%) 515 rpm
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IV.  Model R22 MARINER Helicopter (Normal Category), Approved September 12, 1985, (cont'd)

Oil Capacity Engine oil, 1.5 Gals. at STA 104.8; 
Transmission oil, 0.3 Gal. at STA 100.

Rotor Blade and For rigging information refer to R22 Maintenance Manual.
Control Movements

Serial No. Eligible 0364, 0501 and subsequent (Suffix "M" added to all MARINERs.)

DATA PERTINENT TO ALL MODELS

Datum 100 inches forward of main rotor centerline.

Leveling Means Refer to the Weight and Balance Section of the 
R22 Rotorcraft Flight Manual.

Certification Basis 14 CFR Part 27 dated February 1, 1965, including Amendments 27-1 through 27-
10.  § 27.1559 of Amendment 27-21 is an option for all S/Ns.

National Environmental Act of 1969

Noise Control Act of 1972

Equivalent Safety Finding:
Number TD10352LA-R/S-1
14 CFR Part 27.1401(d), Anticollision Light System

Production Basis Production Certificate No. 424WE, dated March 6, 1981

Equipment The basic required equipment as prescribed in the applicable airworthiness 
regulations (See Certification Basis) must be installed in the helicopter for
certification.  In addition, the following FAA-approved Rotorcraft Flight Manual is
required:

R22
R22 Rotorcraft Flight Manual dated March 16, 1979, or later revision.

R22 ALPHA
R22 Rotorcraft Flight Manual dated March 16, 1979, with revisions through 
October 12, 1983 or later (see NOTE 8).

R22 BETA with O-320-B2C
R22 Rotorcraft Flight Manual dated March 16, 1979, with revisions through 
August 7, 1985 or later (see NOTE 8).

R22 BETA with O-360-J2A
R22 Rotorcraft Flight Manual dated March 16, 1979,with revisions through 
August 7, 1985 or later.  For R22 Rotorcraft Flight Manual with revisions prior
to October 13, 2000, Flight Manual Supplement 7 dated January 31, 1996, or later
revision, is required (see NOTE 8).

R22 MARINER with O-320-B2C
R22 Rotorcraft Flight Manual dated March 16, 1979, with revisions through 
August 7, 1985 or later, and Flight Manual Supplement 4 dated September 9, 1985,
or later revision.

R22 MARINER with O-360-J2A
R22 Rotorcraft Flight Manual dated March 16, 1979, with revisions through
August 7, 1985 or later, and Flight Manual Supplement 4 dated September 9, 1985, 
with revisions through October 13, 2000 or later.  For R22 Rotorcraft Flight Manual 
with revisions prior to October 13, 2000, Flight Manual Supplement 8 dated January  
31, 1996, or later revision, is required in place of Flight Manual Supplement 4.
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ALL MODELS
If fuel tanks with bladders are installed: R22 Rotorcraft Flight Manual dated March 
16, 1979, with revisions through February 15, 2013 or later.  R22 Mariners also 
require Flight Manual Supplement 4 as noted above.  Also see Note 8.

GENERAL NOTES

NOTE 1. Current weight and balance report, including list of equipment included in certificated empty weight , and loading
instructions, when necessary, must be provided for each helicopter at the time of original certification and at all 
times thereafter (except in the case of operators having an approved weight control system).

See Flight Manual loading section for variations of fuel weight and moment-arm with variations of fuel quantity.

Pilot Location STA 79.0 for helicopter S/Ns 0002 thru 0255 and STA 78.0 for helicopter S/Ns 0256 and 
subsequent and helicopters in which Robinson P/N seats A466-1 and A467-1 have been replaced by Robinson 
P/N seats A932-1 and A928-1.

NOTE 2. One of the following placards must be installed in clear view of the pilot:
"THE MARKINGS AND PLACARDS INSTALLED ON THIS HELICOPTER CONTAIN 
OPERATING LIMITATIONS WHICH MUST BE COMPLIED WITH WHEN OPERATING THIS 
ROTORCRAFT.  OTHER OPERATING LIMITATIONS WHICH MUST BE COMPLIED WITH WHEN 
OPERATING THIS ROTORCRAFT ARE CONTAINED IN THE ROTORCRAFT FLIGHT MANUAL."

Or: "THIS ROTORCRAFT APPROVED FOR DAY AND NIGHT VFR OPERATIONS"

For the R22 MARINER:
"THIS ROTORCRAFT APPROVED FOR DAY AND NIGHT VFR OPERATIONS WITHOUT 
FLOATS INSTALLED OR DAY VFR OPERATIONS ONLY WITH FLOATS INSTALLED."

For additional placards, see R22 Rotorcraft Flight Manual.

NOTE 3. Retirement time of critical components is contained in the FAA approved "AIRWORTHINESS 
LIMITATIONS" section of the Robinson R22 Maintenance Manual.  The values of retirement or service life and 
inspection intervals cannot be changed without FAA Engineering approval.

NOTE 4. Deleted as of April 11, 1988.

NOTE 5. Lycoming O-320-A2C, with Retard Magneto Starting System, eligible on S/Ns 0002 thru 0300, 0302 thru 0349, 
and 0352 thru 0356 helicopters.

NOTE 6. Lycoming O-320-B2C installed on S/Ns 0175 and 0200 thru 2570 in production.  It may be installed in prior 
S/N helicopters if the following parts are changed;  Robinson P/Ns B193-2 (Window Plate - Instrument Cluster), 
A145-3 (Engine), A600-2 (Manifold Pressure Gauge), and A654-40 & -41 (Decals).

                NOTE 7. Deleted as of April 25, 2001.

NOTE 8. The R22 "Police Helicopter" configuration requires Flight Manual Supplement 3, dated March 27, 1984 or later.

NOTE 9. The R22 MARINER with floats installed is limited to daylight VFR operation only.

NOTE 10. R22 ALPHA S/N 0364 was converted to an R22 MARINER by the manufacturer.  The original R22 
ALPHA dataplate was removed and replaced with an R22 MARINER data plate S/N 0364M.

NOTE 11. Lycoming O-360-J2A installed on S/N 2571 and subsequent in production.  Retrofit installation of the 
O-360-J2A engines may only be accomplished at the Robinson Helicopter Company.
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NOTE 12. Any changes to the type design of this helicopter by means of an amended type certificate (TC), 
supplemental type certificate (STC), or amended STC, requiring instructions for continued airworthiness 
(ICA’s) must be submitted through the project aircraft certification office (ACO) for review and acceptance 
by the Fort Worth -Aircraft Evaluation Group (FTW-AEG) Flight Standards District Office (FSDO) prior to
the aircraft delivery, or upon issuance of the first standard airworthiness certificate for the affected aircraft, 
whichever occurs later as prescribed by Title 14 CFR 21.50. Type design changes (major repairs or 
alterations) by means of a FAA Form 337 (field approval) that require ICA's must have those ICA's reviewed 
by the field approving FSDO.

R22
FIGURE 1
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    _______________________________________________________________________________
R22 ALPHA AND BETA

FIGURE 2
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WITH FLOATS __________________
WITHOUT FLOATS ___ ___ ___ ___

__________________________________________________________________________________

_________________________________________________________________________________
R22 MARINER

FIGURE 3

.....END.....
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3.300  Airworthiness Limitations

The Airworthiness Limitations Section is FAA approved and specifies inspections and other 
maintenance required under 14 CFR §§ 43.16 and 91.403, unless an alternative program 
has been FAA approved.

Time in service may be tracked based on engine run time or based on flight (collective up)
time.  Either method may be used, however numerical values for service lives depend on the 
tracking method used.

R22 Fatigue Life-Limited Parts

Use the following lives if time is tracked based on engine run time as recorded by an oil-
pressure-activated hourmeter:

Part Number Description Maximum Service Life

A016-2 (Retired by AD 2004-19-09) . . Main Rotor Blade . . . . . . . . . . . . . . . . . 2200 Hours or 10 years1

A016-4 and -6 . . . . . . . . . . . . . . . . . . Main Rotor Blade . . . . . . . . . . . . . . . . . 2200 Hours or 12 years1

A029-1 and -2 . . . . . . . . . . . . . . . . . . Tail Rotor Blade . . . . . . . . . . . . . . . . . . 2200 Hours or 12 years1

A146-1 . . . . . . . . . . . . . . . . . . . . . . . . Pinion, Main Rotor Gearbox . . . . . . . . .
(O-360 Engine)

2200 Hours

A158-3 . . . . . . . . . . . . . . . . . . . . . . . . Main Rotor Spindle . . . . . . . . . . . . . . . . 2200 Hours
B545-1 . . . . . . . . . . . . . . . . . . . . . . . . Gear Set, Tail Rotor Gearbox . . . . . . . . 2200 Hours
NAS630-80 (or MS21250-10080) . . . Coning Hinge Bolt . . . . . . . . . . . . . . . . . 2200 Hours
NAS1351-4-20 (or A722-1 or -2) . . . . Pitch Horn Screws . . . . . . . . . . . . . . . . 2200 Hours
NAS6604 (or NAS1304) . . . . . . . . . . Tail Rotor Blade-to-Hub Attach Bolt . . . 2200 Hours

A158-1 . . . . . . . . . . . . . . . . . . . . . . . . Main Rotor Spindle . . . . . . . . . . . . . . . . 2415 Hours2

A020-2 . . . . . . . . . . . . . . . . . . . . . . . . Upper Frame, Rev R & Prior . . . . . . . . . 4200 Hours

A020-2 and -90 . . . . . . . . . . . . . . . . . Upper Frame, Rev S & Subsequent . . . . 4400 Hours
A023-1, -20, -22, and -23 . . . . . . . . . Tailcone Assembly . . . . . . . . . . . . . . . . 4400 Hours
A047-1 and -6 . . . . . . . . . . . . . . . . . . Upper Frame . . . . . . . . . . . . . . . . . . . . 4400 Hours
A154-1 . . . . . . . . . . . . . . . . . . . . . . . . Main Rotor Hub . . . . . . . . . . . . . . . . . . 4400 Hours
B370-1 . . . . . . . . . . . . . . . . . . . . . . . . Main Rotor Hub . . . . . . . . . . . . . . . . . . 4400 Hours

A020-84 . . . . . . . . . . . . . . . . . . . . . . . Lower R.H. Frame . . . . . . . . . . . . . . . . 5110 Hours
A046-2 . . . . . . . . . . . . . . . . . . . . . . . . Lower R.H. Frame . . . . . . . . . . . . . . . . 5110 Hours

A062-2 . . . . . . . . . . . . . . . . . . . . . . . . Tail Rotor Hub . . . . . . . . . . . . . . . . . . . 6000 Hours

A030-1 . . . . . . . . . . . . . . . . . . . . . . . . Tail Rotor Hub Assembly . . . . . . . . . . . 6260 Hours

1 Whichever limit occurs first.  Calendar time starts on date of original RHC-issued Airworthiness Approval.
2 Subject to AD 88-26-01 R2 compliance.
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Approved By: Date:
Manager, Federal Aviation Administration
Los Angeles Aircraft Certification Office

FAA Approved:  This and the previous page constitute the Airworthiness Limitations Section 
in its entirety, are considered segregated from the rest of the document, and set forth the 
FAA-approved mandatory replacement times for fatigue life-limited parts.

3.300  Airworthiness Limitations (cont’d)

R22 Fatigue Life-Limited Parts (cont’d)

Use the following lives if time is tracked based on flight (collective up) time as recorded 
by a collective-activated hourmeter:

Part Number Description Maximum Service Life

A016-2 (Retired by AD 2004-19-09) . . Main Rotor Blade . . . . . . . . . . . . . . . . . 1964 Hours or 10 years1

A016-4 . . . . . . . . . . . . . . . . . . . . . . . . Main Rotor Blade . . . . . . . . . . . . . . . . . 1964 Hours or 12 years1

NAS630-80 (or MS21250-10080) . . . Coning Hinge Bolt . . . . . . . . . . . . . . . . . 1964 Hours
NAS1351-4-20 (or A722-1 or -2) . . . . Pitch Horn Screws . . . . . . . . . . . . . . . . 1964 Hours

A158-1 . . . . . . . . . . . . . . . . . . . . . . . . Main Rotor Spindle . . . . . . . . . . . . . . . . 2156 Hours2

A016-6 . . . . . . . . . . . . . . . . . . . . . . . . Main Rotor Blade . . . . . . . . . . . . . . . . . 2200 Hours or 12 years1

A029-1 and -2 . . . . . . . . . . . . . . . . . . Tail Rotor Blade . . . . . . . . . . . . . . . . . . 2200 Hours or 12 years1

A146-1 . . . . . . . . . . . . . . . . . . . . . . . . Pinion, Main Rotor Gearbox . . . . . . . . . 2200 Hours
A158-3 . . . . . . . . . . . . . . . . . . . . . . . . Main Rotor Spindle . . . . . . . . . . . . . . . . 2200 Hours
A188-2 . . . . . . . . . . . . . . . . . . . . . . . . Sprag Clutch Assembly . . . . . . . . . . . . 2200 Hours
A647-1 . . . . . . . . . . . . . . . . . . . . . . . . Bearing, Main Rotor Shaft . . . . . . . . . . 2200 Hours or 12 years1

A647-6 . . . . . . . . . . . . . . . . . . . . . . . . Bearing, Tail Rotor Pitch Control . . . . . . 2200 Hours or 12 years1

A647-8 . . . . . . . . . . . . . . . . . . . . . . . . Bearing, Damper Assembly . . . . . . . . . . 2200 Hours or 12 years1

B545-1 . . . . . . . . . . . . . . . . . . . . . . . . Gear Set, Tail Rotor Gearbox . . . . . . . . 2200 Hours
NAS6604 (or NAS1304) . . . . . . . . . . Tail Rotor Blade-to-Hub Attach Bolt . . . 2200 Hours

A020-2 . . . . . . . . . . . . . . . . . . . . . . . . Upper Frame, Rev R & Prior . . . . . . . . . 3750 Hours

A154-1 . . . . . . . . . . . . . . . . . . . . . . . . Main Rotor Hub . . . . . . . . . . . . . . . . . . 3928 Hours

A020-2 and -90 . . . . . . . . . . . . . . . . . Upper Frame, Rev S & Subsequent . . . . 4400 Hours
A020-84 . . . . . . . . . . . . . . . . . . . . . . . Lower R.H. Frame . . . . . . . . . . . . . . . . 4400 Hours
A023-1, -20, -22, and -23 . . . . . . . . . Tailcone Assembly . . . . . . . . . . . . . . . . 4400 Hours
A046-2 . . . . . . . . . . . . . . . . . . . . . . . . Lower R.H. Frame . . . . . . . . . . . . . . . . 4400 Hours
A047-1 and -6 . . . . . . . . . . . . . . . . . . Upper Frame . . . . . . . . . . . . . . . . . . . . 4400 Hours
A062-2 . . . . . . . . . . . . . . . . . . . . . . . . Tail Rotor Hub . . . . . . . . . . . . . . . . . . . 4400 Hours
B370-1 . . . . . . . . . . . . . . . . . . . . . . . . Main Rotor Hub . . . . . . . . . . . . . . . . . . 4400 Hours

A030-1 . . . . . . . . . . . . . . . . . . . . . . . . Tail Rotor Hub Assembly . . . . . . . . . . . 5589 Hours

1 Whichever limit occurs first.  Calendar time starts on date of original RHC-issued Airworthiness Approval.
2 Subject to AD 88-26-01 R2 compliance.
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CHAPTER 4

AIRFRAME

4.000  Airframe

4.001  Introduction

This section contains procedures for removal and installation of the cabin components, 
steel tube structures, tailcone and empennage.

4.002  Description

The R22 is a two-place, single main rotor, single engine helicopter constructed primarily 
of metal and equipped with skid-type landing gear.

The primary fuselage structure is welded steel tubing and riveted aluminum sheet.  The 
tailcone is a monocoque structure in which aluminum skins carry primary loads.  Fiberglass 
and thermoplastics are used in the secondary cabin structure, engine cooling shrouds, 
and various other ducts and fairings.  The cabin doors are also constructed of fiberglass 
and thermoplastics.

A right-side cowl door provides access to the main gearbox and drive system.  Additional 
access to controls and other components for maintenance is provided by removable 
panels and cowlings.

Stainless steel firewalls are located forward of and above the engine.

Both cabin doors may be removed and installed by maintenance personnel or pilots.  To 
remove a door, remove cotter pins in upper and lower hinges, then open and lift door off.  
To install doors, use reverse procedure.  Adjust weight and balance as required when 
removing and installing doors.

4.100  Fuselage

4.110  Cabin Assembly

The cabin assembly is a non-field replaceable assembly.
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4.120  Windshield Assembly

The windshield is made of transparent plexiglass set in a weather-tight silicone sealer and 
is screwed to the cabin structure.

4.121  Windshield Removal

a. Remove door and hinges.

NOTE

To prevent scratches in the windshield, a protective cover 
should be taped to the inside and outside of the windshield 
prior to removal.

b. Remove screws and side retainer holding windshield.

c. Reinstall hinges and doors for cabin structure support with window removed.

d. Remove screws and retainers (upper, lower and middle) holding windshield.

e. Clean silicone sealant off retainers.

f. Clean silicone sealant off windshield for re-installation.

4.122  Windshield Installation

a. Remove all old sealant on cabin, retainers and windshield.

b. Tape edge of windshield with 3/4” polyvinyl chloride tape.

c. Install windshield and cleco retainer strips.

d. Mask windshield along edge of retainer strips with 1/2” masking tape.  This will 
catch silicone gel squeeze-out on installation of retainer strips.

e. Remove the retainer strips.

f. To ensure a proper seal, run a bead of B270-13 silicone gel along entire edge of 
tape line.

g. Holding windshield in place, cleco retainer strips (center, upper and lower) onto 
windshield.
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CHAPTER 5

LANDING GEAR

5.000  Landing Gear

5.001  Introduction

This section covers removal and reinstallation of the landing gear assembly, cross tubes, 
skid tubes, skid shoes, and ground handling wheel supports.

5.002  Description

A skid-type landing gear is used.  Most hard landings will be absorbed elastically.  However, 
in an extremely hard landing, the struts will hinge up and outward as the crosstube yields 
(becomes permanently bent) to absorb the impact.  Slight crosstube yielding is acceptable.  
However, yielding which allows the tail skid to be within 34 inches (24 inches for R22 
Standard or HP) of the ground when the helicopter is sitting empty on level pavement 
requires crosstube replacement.

Abrasion-resistant wear shoes are mounted on the bottom of the skids.  These shoes 
should be inspected periodically, particularly if autorotation landings with ground contact 
have been performed.  Have skid shoes replaced whenever the thinnest point in the wear 
area is less than 0.06 inches (1.5 mm).

R22 Mariners have permanently inflated utility floats mounted to skid tubes and incorporate 
aft skid extensions to support the floats.

5.100  Landing Gear Assembly

5.110 Landing Gear Removal

1. Remove forward cross tube cover.

2. Two methods may be used to hoist or jack helicopter for gear removal:

a. Place a foam-covered contour block under the vertical firewall (see Figure 5-1).  
Install skid stand under tail.  Using a jack under each end of contour block, raise 
helicopter until skids clear ground by approximately 4 inches.

CAUTION

Contour block must be directly under vertical firewall to support 
weight of the helicopter.

b. Hoist helicopter by main rotor hub per § 1.210 until skids clear ground by 
approximately 4 inches.

3. Disconnect A936 ground wire at aft-right elbow.

4. Remove four landing gear attach bolts.  Slide landing gear clear of helicopter.

NOTE

When using method 2a, remove one skid tube to move landing 
gear clear of helicopter.
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CHAPTER 6

POWERPLANT

6.000  Powerplant and Related Systems

6.001  Introduction

This section includes instructions for removal and installation of engine and support 
systems.  Support systems include induction, cooling and exhaust systems.  Refer to 
engine and engine component manufacturer’s maintenance publications for product 
specific inspection, repair, and maintenance procedures.

6.002  Description

R22-series helicopters are powered by one of four different Lycoming engines.  O-320-
A2B or O-320-A2C engines are installed in standard model R22s and are normally rated 
at 150 horsepower.  O-320-B2C engines are installed in R22 HP, R22 Alpha, and R22 
Beta models and are normally rated at 160 horsepower.  Beta II/Mariner II helicopters 
have an O-360-J2A engine capable of 180 horsepower, derated by Lycoming to 145 
horsepower.  All engines are derated to 124 maximum continuous horsepower (MCP) by 
limitation of manifold pressure and RPM.  Beta, Mariner, and Beta II/Mariner II helicopters 
have a 5-minute takeoff rating of 131 HP (see Pilot’s Operating Handbook).  Starting 
assist for O-320-A2B engines is provided by an impulse coupling installed on the engine-
left (helicopter-right) magneto.  Starting assist for O-320-A2C, O-320-B2C, and O-360-
J2A engines is provided by a starter vibrator system and retard points in the engine-left 
magneto.  Tachometer points in the engine-right magneto supply engine RPM information 
to the governor controller and engine tachometer.  At 104% engine tachometer indication 
the engine is turning 2652 RPM.

Induction is through an air filter located in a carburetor-mounted air box assembly.  
Carburetor heat is supplied by an exhaust-pipe-mounted scoop and duct.  Carburetor heat 
is controlled through a cable-operated guillotine valve in air box.  Carburetor inlet air is 
filtered, even with carburetor heat on.  Provision for an obstructed air filter is provided 
by a spring loaded bypass valve mounted on the air box cover, or by air box flexing.  On 
Beta II/Mariner II aircraft, application of carburetor heat is correlated with changes in 
collective setting through a friction clutch to reduce pilot work load.  Lowering collective 
mechanically adds carburetor heat and raising collective reduces carburetor heat.  The 
pilot may override the friction clutch and increase or decrease carburetor heat as desired.  
A latch is provided at the carburetor heat control knob to lock carburetor heat off when 
not required.

Cooling is supplied by an engine-mounted fanwheel enclosed by a fiberglass scroll.  The 
scroll ducts cooling air to engine-mounted panels which in turn direct air to cylinders, 
external oil cooler, alternator, and main rotor gearbox.

Power is transmitted through a vertically mounted sheave-and-belt system which is 
engaged by an electric belt tension actuator.

Battery charging and electrical power is supplied by 60-amp belt-driven alternator.  A 70-
amp alternator is optional.
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6.100  Powerplant

NOTE

Refer to engine and engine component manufacturer mainte-
nance publications for product specific inspection, repair, and 
maintenance procedures.

6.110  Engine Removal

NOTE

If engine is to be removed to facilitate a lower frame replacement, 
engine mount change, or firewall repair, fanwheel can remain 
installed.  However, if engine is to be disassembled, remove 
fanwheel per § 6.210.

1. Disconnect static line from and remove aft cowling, tailcone fairing, B429-5 frame.

NOTE

If aux tank installed, defuel helicopter.  Remove aux tank.

2. Disconnect main rotor gearbox cooling duct and remove horizontal firewall access 
panel (aft right-hand).

3. Remove clutch assembly per § 7.210.

4. Remove side skirts.  Turn off fuel selector valve and disconnect fuel hose at carburetor.  
Cap fuel hose and carburetor inlet port.

5. Disconnect carburetor throttle linkage at carburetor bellcrank, mixture control cable 
at carburetor, carburetor heat control at air box, and carburetor air temperature probe 
at quick-disconnect, located approximately four inches from probe in a heat shrink 
sleeve.  Remove carburetor and air box assembly.

NOTE

Air box and carburetor may be removed as a unit.

6. Disconnect oil pressure hose from elbow on accessory housing and cap exposed 
connections.

7. Disconnect manifold pressure line from forward, left cylinder fitting and clamp and cap 
exposed connections.

8. Identify for reinstallation and disconnect engine ground straps, alternator leads, 
starter leads, oil pressure line, cylinder head temperature lead, and oil temperature 
lead.  Disconnect all clamps attaching wiring to steel tubular frames.  Disconnect belt 
tension actuator motor leads.

9. Disconnect cabin heater duct, if installed (optional equipment).

10. Disconnect primer line, if installed (optional equipment).















































6.435  Air Filter Cleaning

NOTE

Replace B771-1 air filters after 5 years or 600 flight hours, 
whichever occurs first.

1. Remove B771-1 air filter from airbox.  Visually inspect filter and verify no obvious 
damage.  Inspect filter’s pleated media for cleanliness.  If the media contains only 
dust, clean media using compressed air or water.  Clean heavily soiled media using 
a mild soap & water solution.

a. Compressed air:  Maintain at least one-inch distance between air nozzle and 
pleated media and apply less than 40 psi compressed air thru media opposite 
the normal direction of airflow.

b. Water:  Apply less than 40 psi water stream thru media opposite the normal 
direction of airflow.  Dry filter thoroughly using less than 160°F warm air.

c. Mild soap & water solution:  Apply less than 40 psi water stream thru media 
opposite the normal direction of airflow.  Soak filter in a mild soap and water 
solution for more than 15 minutes but less than 4 hours.  Gently agitate filter 
in soap solution to help remove dirt.  Apply less than 40 psi water stream thru 
media in both directions.  Dry filter thoroughly using less than 160°F warm air.

2. Using a bright light, examine pleated media and verify no holes or tears.

3. Verify filter sealing surfaces are a smooth, continuous circle and flat.

NOTE

Do not install a wet air filter.  Do not apply oil to filter media.

4. Install filter in airbox.

6.440  Carburetor Installation

1. With carburetor butterfly bellcrank on left, install carburetor and new gasket on 
mounting studs of engine sump and secure with washers and nuts.  Special torque 
nuts per § 1.330.  Install palnuts, standard torque per § 1.320, and torque stripe.

2. Connect throttle push-pull tube to middle hole of carburetor butterfly bellcrank.  
Standard torque bolt per § 1.320.  Install palnut, torque per § 1.320, and torque 
stripe.

3. See Figure 6-7.  Connect mixture control cable inner wire to carburetor mixture control 
arm.  Lightly tighten A462 fitting, but do not torque; fitting will be torqued in following 
step.

4. Install air box per § 6.430.

5. Verify idle RPM and idle mixture per § 2.210.

6. Check throttle correlation rigging per § 10.150.
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6.450  Carburetor Heat Scoop Removal

1. Disconnect hose from carburetor heat scoop.

2. 0-320 engine: Remove six screws securing curved sheet metal and remove sheet.

0-360 engine: Remove two B277 clamps securing scoop assembly to exhaust 
manifold and remove scoop.

3. 0-320 engine: Remove four bolts securing scoop assembly to bead clamp on exhaust 
riser and remove scoop assembly.  Remove additional clamp from 
exhaust riser above bead clamp.

6.460  Carburetor Heat Scoop Installation

1. 0-320 engine: Install A694 clamp and angle on #4 cylinder exhaust riser and lightly 
tighten.  Attach scoop assembly on bead clamp and lightly tighten.

0-360 engine: Install scoop assembly, secure with B277 clamps, and lightly tighten.

2. Connect air inlet hose to scoop assembly.

3. 0-320 engine: Position sheet on mounts.  Move A694 clamp and rotate bead clamp 
(with attached scoop assembly) as required to minimize preload and 
ensure clearance from surrounding structure.  Tighten A694 clamp.  
Standard torque bolts per § 1.320.  Install sheet with six screws.

0-360 engine: Move scoop assembly as required to minimize preload and ensure 
clearance with surrounding structure.  Special torque scoop attach 
clamps to 30 in.-lb.

6.500  Exhaust System

6.510  Exhaust System Removal

1. Remove carburetor heat hose and, if installed, disconnect heater hoses from muffler shroud.

2. Protect landing gear aft cross tube with suitable covering.  Disconnect exhaust flanges 
at cylinder heads and remove exhaust system and gaskets.

6.520  Exhaust System Installation

1. Position a gasket on each exhaust port.

2. Protect landing gear aft cross tube with suitable covering.  Position exhaust system 
on engine and connect riser exhaust flanges to cylinder heads with washers and nuts.  
Remove protective cover from cross tube.

3. Loosen bead clamp on each riser.  If required, remove curved metal sheet from carb 
heat scoop assembly.

4. Special torque exhaust flange nuts per § 1.330.  Install palnuts and standard torque 
per § 1.320.

5. Install carburetor heat hose and connect heater hoses, if installed.

6. Standard torque bead clamp AN3 bolts per § 1.320.  If removed, install curved metal 
sheet on carburetor heat scoop assembly and reposition clamps as required to minimize 
preload and ensure clearance from surrounding structure.
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CHAPTER 7

DRIVE TRAIN

7.000  Drive Train

7.001  Introduction

This section contains procedures for removal, installation, replacement, and maintenance 
of drive train components.

7.002  Description (See Figure 7-1)

A steel-coated multiple-grooved aluminum pulley, known as the lower sheave, is bolted 
directly to the crankshaft.  Two banded-pair V-belts transmit power to the anodized 
aluminum upper sheave; a steel-coated upper sheave is optional.  The upper sheave has 
an overrunning sprag clutch, also known as a freewheeling unit, in its hub through which 
passes the clutch shaft.  The clutch shaft receives power from the sprag clutch and 
transmits power forward to the main rotor gearbox and aft to the tail rotor driveshaft.  
Flexible couplings are located at input to the main rotor gearbox and at each end of the 
long tail rotor driveshaft.  The main rotor gearbox contains a single-stage spiral-bevel gear 
set which is splash-lubricated.  The tail rotor driveshaft has no hanger bearings but has 
a lightly-loaded damper bearing.  The tail rotor gearbox also contains a splash-lubricated 
spiral-bevel gear set.  Tail rotor gearbox input and output shafts are made of stainless 
steel to resist corrosion.  Other shafts throughout drive system are made of alloy steel.

7.100  Main Rotor Gearbox

7.110  Main Rotor Gearbox Removal

1. Remove main rotor per §§ 9.111 & 9.121.

2. Remove swashplate per § 8.411.

3. Remove mast fairing and aft cowling.

4. Disconnect rotor brake cable from brake lever.

5. Remove fuel tank(s) per § 12.100.  Mark all wires for reassembly.

6. Remove jackshaft and support struts per §§ 8.311 & 8.321.

7. Remove clutch assembly per § 7.210.

8. Disconnect chip detector, Hall Effect senders, rotor brake switch and overtemp sender 
at quick disconnects.  Disconnect ground wire.  Mark all wires for reassembly.

9. Remove gearbox cooling hose and nozzle.

10. Remove four main rotor gearbox mounting bolts.  Carefully lift gearbox up to clear 
forward push-pull tubes and remove gearbox (see Figure 7-2).

WARNING

Leveling shims may be installed between gearbox mounts and 
frame mounting pads.  Shims should remain attached to frame, 
or mark mounting pads with shim thickness for reinstallation.
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FIGURE 7-1  DRIVE TRAIN































7.213 Clutch Assembly Seal Replacement

1. Remove clutch assembly per § 7.210.

2. If replacing aft seal, remove A184-3 bearing assembly from clutch shaft per § 
7.211.  Remove loose paint and clean shaft.

NOTE

Orient clutch assembly vertically with leaking seal up.

3. Remove inner circle of six (6) bolts from leaking seal retainer.

a. If seal retainer is circular with two opposing half-moon-shaped cutouts:  
Remove four (4) bolts in outer row, but not two (2) bolts with large-area 
washers (which holds inner clutch assembly together).

NOTE

DO NOT REMOVE two bolts holding the inner clutch assembly 
together.  Further disassembly is not approved.

b. If seal retainer has two socket-head cap screws:  Remove six bolts in outer 
row, and two socket-head cap screws.

4. Lift retainer plate with seal off shaft per Figure 7-3C.  Remove exposed 0-ring 
from clutch housing and discard.

5. Press damaged seal out of retainer.

6. Measure retainer seal bore.  If bore measures over 1.687 inches, retainer must 
be replaced.

7. For “National” brand seals coat seal bore of retainer with B270-3 sealant and 
press seal in at room temperature.  For “CR” brand seal with green coating on 
seal outer diameter, heat retainer to 150°F and press seal in dry.  Press new 
seal into retainer flush with outside lip.

8. Fill sprag and bearing cavity with A257-4 oil until oil level is flush with top of 
bearing races (see Figure 7-3D).  Rotate shaft while filling to ensure complete 
filling of inner shaft and sprag assembly.

9. Lightly lubricate new 0-ring with A257-4 oil and place it in clutch housing groove.

10. Lightly lubricate seal inner lip with A257-4 oil and slide retainer over shaft.

11. a. If seal retainer is circular with two opposing half-moon shaped cutouts:   
Position retainer so cut outs fit over two (2) A141-14 washers holding clutch 
assembly together.  Install six (6) inner and remaining four (4) outer bolts in 
retainers with heads toward shorter end of clutch shaft.

b. If seal retainer has provisions for two socket-head cap screws:  Install cap 
screws with washers and tighten only enough to clamp retainer to 0-ring.  Install 
six inner and six outer bolts with heads toward shorter end of clutch shaft.

12. Using a criss-cross pattern, torque nuts per § 1.320 and torque stripe.

13. If installed, fully tighten cap screws and torque stripe.

14. If removed, install A184-3 bearing assembly per § 7.212.

15. Install clutch assembly per § 7.220.
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7.214  Clutch Assembly Lubricant Inspection and Servicing

A. Clutch Assemblies with A168-4 (Forward) Retainer

WARNING

Avoid contaminating drive belts and sheaves with lubricant.  
Clean contaminated surfaces with mild soap and water solution, 
followed by a warm water rinse.  Place a clean, absorbent rag 
beneath MT147-2 fittings, when installed, to catch any drips.

1. Open main rotor gearbox compartment access doors.

2. Rotate clutch shaft until bolts securing yokes to shaft are vertical.  Engage 
rotor brake.

3. Remove A168-4 (forward) retainer’s top B289-3 screw and install clean 
MT147-2 fitting.  Attach drain hose.

4. Rotate sheave until fitting and attached drain hose are on bottom.  Route 
drain hose into a suitable, clean container.  Remove top B289-3 screw and 
allow lubricant to drain into container.

5. Install second clean MT147-2 fitting at top of retainer and connect a clean 
supply of A257-4 lubricant to fitting.  Flush sprag clutch housing until exiting 
lubricant is obviously red.  Disconnect lubricant supply and allow lubricant to 
drain completely into container.

6. Strain all lubricant from container through a 180-200 micron paint filter/
strainer.  Fluid may be dark, and may sparkle with very fine metallic debris; 
this is normal.  If metallic debris is trapped in the filter/strainer, remove 
clutch assembly and return it to RHC, or an R22 Service Center authorized 
to overhaul clutch assemblies, for disassembly and inspection.

7. If metallic debris is not found in the filter, attach drain hose to top fitting.  
Route drain hose into a suitable container.  Connect a clean supply of A257-
4 lubricant to bottom fitting.  Fill sprag clutch housing thru bottom fitting 
until no air bubbles are visible in drain hose.  Shut-off fluid flow.

8. Remove top fitting and install screw.  Rotate sheave until opposite fitting 
is on top.  Remove fitting and verify lubricant level contacts threads; add 
lubricant as required.  Install forward screw.

9. Close main rotor gearbox compartment access doors.

B. Clutch Assemblies with Retainer without B289-3 Screws

1. Perform clutch assembly (aft) seal replacement per Section 7.213.
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FIGURE 7-8A  V-BELT GUIDE

7.282  V-Belt Installation (continued)

CAUTION

Position guide to 0.18 inch clearance with clutch engaged.  
Guide to be flushed with front face of sheave.  Maintain 0.18 
inch clearance between P/P tube and guide attach bolts.

NOTE

A020-2 upper frame S/N 0501 and subsequent have guide 
bracket welded to frame.
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7.290  A007-3 & -5 Fanshaft and Bearing Assembly, Starter Ring Gear Support, 
Lower Sheave and Alternator Belt Replacement

7.291  Removal

a. Remove fanwheel and fiberglass scroll per § 6.210.

NOTE

Fanwheel and fiberglass scroll may be removed without splitting 
scroll.

b. Support clutch shaft assembly at horizontal firewall with a wooden block.  
Remove lower bolt connecting belt tension actuator to A181-4 lower bearing 
assembly.

c. Label drive belts (forward & aft) for reinstallation.

d. Cut safety wire and remove six NAS6606-24H bolts.  Note number and thickness 
of washers under each bolt head.

e. Remove A007-3 or -5 fanshaft and bearing assembly.  Temporarily secure lower 
sheave if it is not to be removed.

f. To remove lower sheave, tap it with a soft mallet while pulling.

g. Removal of starter ring gear support is required to change alternator belt or gain 
access to engine nose section.

1. Loosen alternator belt tension.

2. Note “0” mark on the starter ring gear support at one crankshaft flange 
bushing.  Mark this bushing to ease reinstallation.

3. Remove starter ring gear support.

7.292  Installation

a. Install new and spare alternator belts if required.  Install starter ring gear support. 
Align “0” mark on ring gear support with marked bushing.  Bushing and hole 
marked 0 are slightly larger than other five holes.

b. Install lower sheave and fanshaft assembly.  Ensure one AN960-616 and one 
AN916-616L washer is installed under each NAS6606-24H bolt head.  Torque 
bolts per § 1.320 in a crossing pattern.  Safety wire bolts in pairs with 0.041 
inch diameter stainless steel safety wire.

CAUTION

One AN960-616 washer and one AN960-616L washer must 
be installed under each NAS6606-24H bolt head for proper 
fanshaft-sheave-crankshaft clamp-up.
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CHAPTER 8

FLIGHT CONTROLS

8.000  Flight Controls

8.001  Introduction

This section covers removal and installation procedures for cyclic controls, collective 
controls, tail rotor controls and their related components.

WARNING

Assembly of flight controls is critical and requires inspection 
by a qualified person.  If a second person is not available, the 
installer must take a 5-minute break prior to inspecting flight 
control connections he has assembled.

8.002 Description (See Figures 8-1 and 8-2)

Dual controls are standard equipment and all primary controls are actuated through push-
pull tubes and bellcranks.  Bearings used throughout the control system are either sealed 
ball bearings or have self-lubricated Teflon liners.

Flight controls are conventional.  The cyclic stick appears to be different but the grip 
moves the same as in other helicopters due to the free hinge at the center pivot.  The 
cyclic grip is free to move vertically, allowing the pilot to rest his forearm on his knee if 
he chooses.

The collective stick is also conventional with a twist grip throttle control.  When the 
collective is raised, the throttle is opened by an interconnecting linkage.  An electronic 
governor makes minor throttle adjustments required to maintain RPM.

8.100  Cyclic Controls

8.110  Cyclic Assembly

8.111  Removal of Cyclic Assembly

a. Remove left seat back, center horizontal and vertical panels.

b. Remove collective assembly per § 8.211.

c. Remove screws holding mixture and carburetor heat control cable covers to cyclic 
box cover.

d. Remove roll pin from cyclic friction knob and remove knob.

e. Unscrew right trim knob from trim shaft.

f. Remove screws holding cyclic box cover to cyclic box and to side panels.

g. Lift cyclic box cover and disconnect post light wire.
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FIGURE 8-1  MAIN ROTOR FLIGHT CONTROLS
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CHAPTER 9

ROTOR SYSTEMS

9.000  Rotor Systems

The main rotor has two all-metal blades mounted to the hub by coning hinges.  The hub is 
mounted to the shaft by a teeter hinge.  The coning and teeter hinges use self-lubricated 
bearings.  Droop stops for the main rotor blades provide a teeter hinge friction restraint 
which normally prevents the rotor from teetering while starting or stopping.  Pitch change 
bearings for each blade are enclosed in a housing at the blade root.  The housing is filled with 
oil and sealed with an elastomeric boot.  Each blade has a thick stainless steel spar at the 
leading edge which is resistant to corrosion and erosion.  The skins are bonded to the spar 
approximately one inch aft of the leading edge.  Blades must be refinished if the paint erodes 
to bare metal at the skin-to-spar bond line.  Bond may be damaged if bond line is exposed.

The tail rotor has two all-metal blades and a teetering hub with a fixed coning angle.  The 
pitch change bearings have self-lubricated liners.  The teeter hinge bearings are elastomeric.  
The tail rotor blades are constructed with aluminum skins and forged aluminum root fittings.

9.100  Main Rotor

Refer to R22 Illustrated Parts Catalog (IPC) Chapter 62.

9.110  Main Rotor Blades

WARNING

Due to potentially destructive results, use of blade tape (anti-
erosion tape) is prohibited.

9.111  Main Rotor Blade Removal

Refer to Figure 9-1A.  Four people will be required to remove the blades.  One person 
must support the blade near the blade tip while another supports the root and removes 
or installs the attachment bolt.

FIGURE 9-1A  SUPPORTING MAIN ROTOR BLADES DURING BLADE REMOVAL OR INSTALLATION
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FIGURE 9-1B  MEASURING BOLT STRETCH (SHOWN ON TEETER BOLT, BLADES REMOVED)
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9.111  Main Rotor Blade Removal (continued)

1. Mark one main rotor blade and its corresponding hub location, pitch link, and 
retaining nut & bolt with “X” using a marker or grease pencil.  Mark opposite blade 
and its hub location, pitch link, and retaining nut & bolt with “O”.

2. Measure and record coning hinge axial gaps per Figure 9-3A.

3. Remove hardware securing main rotor pitch links to blade pitch horns.

4. Remove cotter pins and loosen blade coning hinge retaining nuts until finger tight.

CAUTION

After removing one blade, support installed blade in a level 
position until it is removed.

5. Remove nut, thrust washer, and trailing-edge shims (if used) from one blade.  Cone 
blade as required to position spindle tusk off of droop stop.  Supporting blade at 
root, rotate pitch horn down, and remove hinge bolt and thrust washer.

CAUTION

Do not drop journals (inside hub bearings) which can slide out 
when removing blade bolt.

NOTE

Blade installation hardware is specific to each blade, each 
blade’s leading and trailing edge, and each blade’s location in 
hub.  It is good practice after blade removal to install hardware 
in hub finger tight exactly as removed.

6. Place blade on a cushioned surface to prevent damage to skins.

7. Remove opposite blade per steps 5 and 6.
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9.112  Main Rotor Blade Installation

1. Identify hub and spindle part numbers and ensure correct corresponding installation 
hardware.

2. Check teeter hinge friction and adjust as required per § 9.124.

3. If coning hinge axial gap recorded during blade removal was beyond tolerance, or if 
corresponding hub bearing(s) or spindle was replaced, perform coning hinge journal 
and shim calculation per § 9.123.

4. Level hub and insert journals in hub bearings.  Install thrust washer on blade bolt.

5. Insert main rotor blade spindle in hub and align spindle and journal bores.  Cone 
blade as required to position tusk off of droop stop.  Rotate pitch horn down and 
install hinge bolt at leading-edge side.

NOTE

A bolt may be inserted from trailing-edge side to align spindle and 
journal bores (it is pushed out as coning hinge bolt is installed). 

6. Install trailing-edge shims (if used) and thrust washer.  Apply light coat A257-9 
anti-seize to bolt threads and nut face.  Install nut finger tight.

NOTE

Do not allow anti-seize to contact journals, shims, or hub bearing 
areas.  These areas must be clean and dry.

CAUTION

After installing one blade, support blade in a level position until 
opposite blade is installed.

7. Install opposite blade per steps 4 thru 6.

8. Tighten nut on coning hinge bolt until journals and thrust washer are firmly seated.  
Loosen nut until both thrust washers can be freely rotated.

9. Refer to Figure 9-1B.  Install MT122 main rotor bolt elongation (stretch) tool on 
hinge bolt.  Zero dial indicator by rotating dial face and lock dial.  Remove tool.

10. Using wrenches with at least 150 ft-lb torque capacity, tighten nut until drilled 
holes in nut and bolt align.  Install MT122 tool and measure bolt elongation:

WARNING

Do not under-stretch or over-stretch teeter or coning hinge 
bolts to obtain proper clamping force.  Under-stretching or over-
stretching can cause failure.



9.112  Main Rotor Blade Installation (continued)

10. a. A154-1 hub with NAS630-80 (or MS21250-10080) coning hinge bolts:

i. If bolt elongation is 0.015–0.017 inch, remove tool and install a new cotter 
pin wet with epoxy primer.

ii. If bolt elongation is not 0.015–0.017 inch, remove old nut and old bolt and 
install a new bolt and a new nut.  Stretch new bolt per § 1.330, and drill new 
nut and bolt per § 9.116.  Install a new cotter pin wet with epoxy primer.

b. B370-1 hub with NAS632-82 (or MS21250-12082) coning hinge bolts:

i. If bolt elongation is 0.010–0.012 inch, remove tool and install a new cotter 
pin wet with epoxy primer.

ii. If bolt elongation is not 0.010–0.012 inch, remove old nut and old bolt and 
install a new bolt and a new nut.  Stretch new bolt per § 1.330, and drill new 
nut and bolt per § 9.116.  Install a new cotter pin wet with epoxy primer.

11. Install hardware securing main rotor pitch link to pitch horn.  Standard torque 
hardware per § 1.320 and torque stripe per Figure 2-1.

12. Perform steps 8 thru 11 on opposite blade.

13. Track and balance main rotor blades per § 10.230.

9.113  Boot Removal

1. Remove main rotor blades per § 9.111.

2. Place a suitable drain container below pitch horn.  Remove two B289-2 bolts and 
drain fluid.

3. Remove outer boot clamp and hold boot back to expose inner boot clamp.  Remove 
inner clamp and peel boot from spindle.

9.114  Boot Installation

1. Visually inspect and verify boot is undamaged.  Carefully stretch new boot over spindle.

2. Solvent-clean surfaces clamped by boot inner lip.  Properly position boot inner lip; 
install A165-1 (inner) clamp assembly and tighten clamp to 2.330 ± 0.005 inch 
outside diameter.  Rotate spindle and verify adequate clearance between clamp 
assembly and pitch horn.

NOTE
When installing inner clamp, ensure that shoulder of boot inner 
lip is not wedged beneath clamp or clamp may loosen in service.  
Inspect boot interior and verify no cuts or punctures.

3. Stretch boot outer lip over pitch horn flange.  Rotate spindle and align pitch horn 
bolt hole with spindle bolt hole per Figure 9-1C.  Install A165-7 (outer) clamp 
assembly and tighten clamp.  Verify security.

4. Fill pitch bearing housing per § 9.115.
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FIGURE 9-1C  FILLING PITCH BEARING HOUSING
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9.115  Filling Pitch Bearing Housing

NOTE

MT147-1 Main rotor blade spindle air bleed tool includes supply 
container, hose assemblies, and bleed fittings.

WARNING

Refer to appropriate Material Safety Data Sheet (MSDS) and 
take necessary safety precautions when working in proximity to 
hazardous materials.

1. Remove main rotor blades per § 9.111.

2. Refer to Figure 9-1C.  Place a suitable drain container below main rotor pitch horn.  
Remove two B289-2 bolts from pitch horn and drain fluid.

3. Install MT147-2 bleed fittings into pitch horn openings.  Attach drain hose assembly 
to (top) bleed fitting, secure with two wraps of lockwire.  Position drain hose into 
drain container.

4. Place supply container with sufficient A257-4 fluid approximately 3 feet above 
spindle.  Route fill hose assembly into drain container and open brass valve.  Open 
supply container plastic valve and purge air from fill hose.  Close valves.

5. Connect brass valve to (bottom) bleed fitting by tightening brass compression 
sleeve.

6. Open valves and fill spindle housing until no air bubbles are visible in drain hose 
assembly.  Massage spindle boot, oscillate spindle, and raise blade tip up & down 
to remove trapped air.

7. Remove drain hose assembly and (top) bleed fitting, and install B289-2 bolt.  Roll 
the blade over.  After five minutes, inspect the boot for leaks.  If no leaks are 
found, close valves, remove fill hose assembly brass valve and (bottom) bleed 
fitting, and install other bolt.

8. Torque B289-2 bolts per § 1.330 and torque stripe per Figure 2-1.

9. Repeat steps for opposite blade.

9.116  Drilling Main Rotor Hub Bolts

NOTE

Protect hub from damage due to chuck contact by wrapping 
chuck and/or covering hub edge with several layers of tape.

New bolts and nuts must be installed and bolts stretched per § 1.330 prior to drilling.

Using a 0.125-inch diameter Cobalt twist-drill and cutting oil, drill a hole through nut and 
bolt using an accessible pre-drilled hole in nut.  The MT569-1 and MT569-6 (B370-1 
hub coning hinge bolts) drill guide assembly will facilitate drilling a perpendicular hole.  If 
a pre-drilled hole is inaccessible, completely loosen nut, slightly rotate bolt to favorable 
position, then special torque per § 1.330.  Protect adjacent area from drilling debris.
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9.120  Main Rotor Hub

9.121  Main Rotor Hub Removal

1. Remove main rotor blades per § 9.111.

2. Refer to Figure 9-2A.  Mark rotor hub using a grease pencil, tape, or soft marker as 
follows:

a. Indicate nut side of teeter bolt.
b. Indicate chord arm side of drive shaft.

3. If same hub will be installed, measure teeter hinge friction per Figure 9-3B and record 
value.

4. Remove cotter pin, nut, A152 thrust washers, A117 shims, A106 journals, and bolt.  
Rotate hub as required and remove hub.  Do not drop thrust washers or journals.

5. Reinstall bolt, thrust washers, shims, journals, and nut in rotor hub exactly as removed.

CAUTION

Main rotor chordwise balance is adjusted using A106 journals 
and A117 shims.  If assembly stack-up is altered, an out-of-
balance condition can occur.

9.122  Main Rotor Hub Installation

1. Clean and dry teeter hinge hardware using approved solvent per § 1.400.  Inspect 
journals and thrust washers for chipping of chrome plating, corrosion, and/or wear 
grooves extending through chrome plating.  Replace journal or thrust washer if any 
of these conditions exist.

2. If teeter hinge friction recorded during hub removal was less than 5 ft-lb or more 
than 15 ft-lb, if teeter hinge hub bearing(s) was replaced, or if previous installation 
information is unavailable, perform teeter hinge journal and shim calculation per § 
9.123 Part A.

3. Refer to Figure 9-2A.  Line up mark on hub with chord arm on drive shaft.  Install teeter 
hinge bolt, thrust washers, shims, and journals (if previous installation information is 
available, install parts exactly as removed).

4. Coat nut face and bolt threads with A257-9 anti-seize compound, install and tighten 
nut, then loosen nut until both thrust washers can be freely rotated.  Ensure journals 
do not “pinch” droop stops and fully contact drive shaft.

WARNING

Do not allow anti-seize compound to contaminate drive shaft, 
journals, shims, or thrust washer inner faces.  Contamination 
prevents proper joint clamp-up and may cause failure.

5. Refer to Figure 9-1B.  Install MT122 main rotor bolt elongation (stretch) tool on 
teeter bolt.  Zero dial indicator by rotating dial face and lock dial.  Remove tool.
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9.122  Main Rotor Hub Installation (continued)

6. Using wrenches with at least 150 ft-lb torque capacity, tighten nut until drilled 
holes in nut and bolt align.  Install MT122 tool and measure bolt elongation:

a. If bolt elongation is 0.015–0.017 inch, remove tool and verify correct teeter 
hinge friction per § 9.124 Part A.  Adjust teeter hinge friction as required.

b. If bolt elongation is not 0.015–0.017 inch, remove old nut and old bolt and 
install a new bolt and a new nut.  Stretch new bolt per § 1.330 and verify 
correct teeter hinge friction per § 9.124 Part A.  Adjust teeter hinge friction as 
required.  Drill new nut and bolt per § 9.116.

WARNING

Do not under-stretch or over-stretch teeter or coning hinge 
bolts to obtain proper clamping force.  Under-stretching or over-
stretching can cause failure.

7. Install a new cotter pin wet with epoxy primer.
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FIGURE 9-2A  TEETER HINGE (HUB INSTALLATION)

FIGURE 9-2B  B370-1 HUB CONING HINGE (BLADE INSTALLATION; VIEW LOOKING DOWN)
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FIGURE 9-2C  A154-1 HUB CONING HINGE (BLADE INSTALLATION; VIEW LOOKING DOWN)
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A106 Journal Lengths
Part No. Length Location
A106-1 1.000 in. Coning hinge, no shims (A154-1 Hub)
A106-2 0.995 in. Coning hinge, no shims (A154-1 Hub)
A106-3 0.990 in. Coning hinge, no shims (A154-1 Hub)
A106-4 1.300 in. Teeter hinge (two, or one + A106-5 per hinge), shims
A106-5 1.260 in. Teeter hinge (none, or one + A106-4 per hinge), shims
A106-6 1.005 in. Coning hinge, no shims (A154-1 Hub)
A106-7 1.005 in. Coning hinge (B370-1 Hub)

A117  Shim Sizes
Part No. Thickness Location (Between thrust washer and journal)
A117-5 0.012 in. Teeter hinge
A117-6 0.015 in. Teeter hinge
A117-7 0.020 in. Teeter hinge
A117-8 0.025 in. Teeter hinge
A117-48 0.012 in. Coning hinge (B370-1 Hub)
A117-49 0.015 in. Coning hinge (B370-1 Hub)
A117-50 0.020 in. Coning hinge (B370-1 Hub)
A117-51 0.025 in. Coning hinge (B370-1 Hub)

TABLE 9-1  A106 JOURNAL LENGTHS AND A117 SHIM SIZES



9.123  Main Rotor Hub Journal and Shim Calculations

Refer to Table 9-1 and Figures 9-2A, 9-2B, and 9-2C.

A. Teeter Hinge Calculation

1. Measure main rotor hub width across the teeter hinge bearing faces: in.

2. Subtract measured width of A251 driveshaft at teeter hinge bolt hole: – in.

Calculated empty space: = in.

3. Assemble thrust washer, one A117-7 shim (0.020 inch), and one 
A106-4 journal (1.300 inches) under the teeter bolt head and insert 
bolt thru hub and drive shaft.

Subtract combined measured thickness of A117-7 shim &
A106-4 journal: – in.

Difference: = in.

4. Subtract measured length of nut-side A106-4 or A106-5 journal: – in.

Difference: = in.

CAUTION

Initial teeter hinge hardware stack-up must be adjusted to 
0.005/0.008 inch greater than calculated empty space.  A 
smaller initial stack-up could damage thrust washers and hub 
bearings during installation.

5. To accommodate dimensional change due to clamping force, add: + 0.005/
0.008 in.

Initial A117 shim stack between nut-side journal & thrust washer: =
/

in.

NOTE

Use as many different size A117 shims as possible to facilitate 
head shifting during balancing.

6. Refer to § 9.124.  Adjust shim stack as required to meet teeter hinge friction 
requirement (less than 15 ft-lb).
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9.123  Main Rotor Hub Journal and Shim Calculations (continued)

B. Coning Hinge Calculation

B370-1 Hub:

1. Measure main rotor hub width across the coning hinge bearing faces: in.

2. Subtract measured width of blade spindle at teeter hinge bolt hole: – in.

Calculated empty space: = in.

3. Subtract combined measured length of two A106-7 journals: – in.

Difference: = in.

CAUTION

Initial teeter hinge hardware stack-up must be adjusted to 
0.003/0.006 inch greater than calculated empty space.  A 
smaller initial stack-up could damage thrust washers and hub 
bearings during installation.

5. To accommodate dimensional change due to clamping force, add: + 0.003/
0.006 in.

Initial A117 shim stack between nut-side journal & thrust washer: =
/

in.

6. Adjust shim stack combination as required to meet coning hinge axial gap 
requirement per Figure 9-3A and to maintain teeter friction requirement as follows:  
It must be possible to manually cone each blade without teetering the hub when 
blades are held up off the droop stops and lifted at tip.



FIGURE 9-3A  MEASURING CONING HINGE AXIAL GAP

FIGURE 9-3B  MEASURING TEETER HINGE FRICTION
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9.123  Main Rotor Hub Journal and Shim Calculations (continued)

B. Coning Hinge Calculation (continued)

A154-1 Hub:

1. Measure main rotor hub width across the coning hinge bearing faces: in.

2. Subtract measured width of blade spindle at coning hinge bolt hole: – in.

Calculated empty space: = in.

CAUTION

Initial coning hinge hardware stack-up must be adjusted to 
0.003/0.006 inch greater than calculated empty space.  A 
smaller initial stack-up could damage thrust washers and hub 
bearings during installation.

3. To accommodate dimensional change due to clamping force, add: + 0.003/
0.006 in.

Sum: =
/

in.

4. Select a combination of A106-1, -2, -3, or -6 journals whose combined measured 
lengths equal Sum.  The same journal dash number must be used under the head 
of both coning hinge bolts to maintain symmetry.

5. Adjust journal combination as required to meet coning hinge axial gap requirement 
per Figure 9-3A and to maintain teeter friction requirement as follows:  It must be 
possible to manually cone each blade without teetering the hub when blades are 
held up off the droop stops and lifted at tip.

9.124  Adjusting Hinge Friction

A. Teeter Hinge Friction Adjustment

1. Remove main rotor blades per § 9.111.

2. Refer to Figure 9-2A and Table 9-1.  Remove cotter pin, nut, thrust washer, and 
nut-side A117 shims.  Adjust teeter hinge friction by changing nut-side shim 
stack thickness in small increments; reducing shim stack thickness increases 
friction, increasing shim stack thickness reduces friction.  Install shims, thrust 
washer, and nut.

3. Refer to Figure 9-3B.  While torquing teeter hinge bolt per § 1.330, check teeter 
hinge friction frequently.  To check friction, install MT354 teeter friction tool 
into coning hinge bearings on one side of main rotor hub and measure moving 
force (not breakaway force) required to teeter main rotor hub with a spring 
scale.  Teeter friction must be less than 15 ft-lb.

4. Install a new bolt and nut per § 9.122.



9.124  Adjusting Hinge Friction (continued)

B. Coning Hinge Friction Adjustment

1. Refer to Figure 9-2B and Table 9-1.  Remove cotter pin, nut, thrust washer, and 
cone blade to remove nut-side journal. 

a. B370-1 Hub:  Adjust coning hinge friction by changing trailing-edge shim 
stack thickness in small increments; reducing shim stack thickness increases 
friction, increasing shim stack thickness reduces friction.  Coning hinge 
friction is zero when there is a measurable axial gap per Figure 9-3A.  Install 
shims, thrust washer, and nut.

b. A154-1 Hub:  Adjust coning hinge friction by changing trailing-edge journal 
length in small increments; using a shorter journal increases friction, using a 
longer journal reduces friction.  Coning hinge friction is zero when there is a 
measurable axial gap per Figure 9-3A.  Install journal, thrust washer, and nut.

2. Install a new bolt and nut per § 9.122, steps 5 thru 7.  Repeat steps for opposite 
blade.

3. Check coning hinge friction by lifting blades until spindle tusks clear droop 
stops.  Hold one blade level and cone opposite blade.  Rotor hub must not teeter 
as blade is coned.  Repeat check on opposite blade.

4. Using a feeler gage, measure gap between thrust washers and bearing faces at 
coning hinge bolt head and nut.  Verify 0.002-0.006 inch total gap per hinge.

5. Drill nut and bolt per § 9.116.  Install a new cotter pin wet with epoxy primer.

9.125  Shifting the Main Rotor Hub

1. Remove cotter pin, nut, thrust washer, and nut-side A117 shims.

2. Have two people cone the main rotor blades.  Push out teeter hinge bolt with 
another bolt.

3. Move or exchange existing shims from one side of hub to the other as indicated by 
main rotor balance chart (refer to § 10.230).

4. Install teeter hinge bolt per § 9.122.

Page 9.14 Chapter 9  Rotor Systems MAR 2016



9.126  Main Rotor Hub Bearing Replacement

1. Remove main rotor hub per § 9.121.

2. Refer to Figure 9-4.  Verify tooling surfaces are smooth to avoid damaging hub and 
bearings.  Press A648-1 and/or A648-3 bearing(s) from hub using MT329-1 plug 
assembly (Rev H or subsequent) with MT329-10 tube.  Press A648-2 bearing(s) 
from hub using MT329-11 plug assembly with MT329-10 tube.

3. Visually inspect hub bearing bore and verify no scoring or scratches.  Polish out 
fretting or corrosion to 0.0005 inch maximum depth (1.1870 inch maximum bore 
diameter, or 1.3120 inch maximum bore diameter [B370-1 hub coning hinge 
bearing bores]) and 0.25 inch minimum blend radius using 320-grit or finer wet-or-
dry sandpaper.  Fretting or corrosion that extends beyond repair limit requires hub 
replacement.

NOTE

Do not allow epoxy primer to contact bearing’s Teflon liner.

4. Verify bearing mating surfaces are smooth and clean and apply light coat of epoxy 
primer (refer to § 1.400).  If visible, orient coning hinge bearing’s Teflon liner seam 
toward top of hub.  While primer is wet, press in new A648-1 and/or A648-3 
bearing(s) using MT329-1 plug assembly or A648-2 bearing(s) using MT329-11 
plug assembly (always use MT329-13 or MT329-2 [A154-4 Hub] support when 
replacing coning hinge bearing) until bearing flange is completely seated against hub.

5. Using a syringe, seal between bearing’s outboard flange and hub and bearing’s 
inboard edge and hub with small fillet of epoxy primer.

FIGURE 9-4  MAIN ROTOR HUB BEARING REPLACEMENT
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FIGURE 9-5A  MEASURING MAIN ROTOR BLADE DAMAGE

FIGURE 9-5B  SCRATCH LIMITS
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9.130  Inspection of Main Rotor Blades

NOTE

Main rotor blades are 14 CFR § 27.602 critical parts.  Notify RHC 
Technical Support when voids exceeding the limits specified in 
the instructions below are found, providing blade serial number, 
helicopter serial number, time in service for the rotor blade, and 
location and size of the voids that exceed the limits.

NOTE

The inspection criteria in this section applies to blade damage that 
occurs after blade manufacturing (including shipping and handling 
and time in service).  Damage after blade manufacturing usually 
exhibits paint scuffing, scratches, or freshly-exposed metal in 
the form of scratches in the finish.  If a blade manufacturing 
irregularity is suspected, contact RHC Technical Support.

CAUTION

A blade may be repaired more than one time.  However, in no 
case can more than the maximum material be removed or the 
maximum dent depth be exceeded in any one location.

A. Measuring Damage

1. Refer to Figure 9-5A.  Measure blade damage using a straight edge and a thickness 
gage.  Keep straight edge parallel with the leading and trailing edges.

2. If blades are installed on the helicopter, measure damage using the shortest straight 
edge possible to span damaged area.  Using a straight edge of excessive length will 
cause a false reading due to natural droop of the blade.

B. Measuring Material Removed After Repair

1. Use calipers or micrometers and compare measurements before and after repair to 
estimate amount of material removed.

2. Use a straight edge and thickness gage to measure repaired areas less than 2 
inches across in the blade skins and spar.

9.131  Scratches and Corrosion on Blade Skins and Doublers

1. Refer to Figure 9-5B.  Damage may not exceed the following limits after rework:

A016-6 Blades:
a. 0.004 inch maximum depth for scratches more than 15º from spanwise axis.
b. 0.006 inch maximum depth for scratches less than 15º from spanwise axis.

A016-4 Blades:
a. 0.002 inch maximum depth for scratches more than 15º spanwise.
b. 0.003 inch maximum depth for scratches less than 15º spanwise.

2. Refer to § 9.140 for repair procedures for damage within limits.  Polish out scratches 
and corrosion greater than 0.0005 inch deep using a 0.10 inch blend radius.
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FIGURE 9-6  DENTS AND LOCAL DEFORMATIONS
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9.132  Dents and Local Deformations

CAUTION

Tap-test dented areas in honeycomb using an AN970-4 washer or 
1965-or-later U.S. quarter dollar coin in good condition.  If any voids 
are found associated with dents, contact RHC Technical Support.

CAUTION

Do not repair any dent that has a sharp cut or break in the 
skin; dent must have 0.060 inch minimum bottom radius.  If 
necessary, locally penetrant inspect, keeping penetrant materials 
away from bond joints.

1. Refer to Figure 9-6.  Damage may not exceed the following limits:

a. Honeycomb:

A016-6 Blades:

i. 0.020 inch maximum bulge on opposite side of blade, opposite dent.
ii. 0.125 inch maximum depth dent between RS 127.0 and RS 151.1.
iii. 0.090 inch maximum depth dent between RS 75.5 and RS 127.0.
iv. 0.030 inch maximum depth dent between RS 10.4 and RS 75.5.

A016-4 Blades:

i. 0.020 inch maximum bulge on opposite side of blade, opposite dent.
ii. 0.125 inch maximum depth dent between RS 130.30 and RS 151.1.
iii. 0.090 inch maximum depth dent between RS 64.00 and RS 130.30.
iv. 0.030 inch maximum depth dent between RS 13.7 and RS 64.00.

b. Leading edge of doublers:

A016-6 Blades:  0.010 inch maximum depth dent.

c. Supported bond joints:

A016-6 Blades:  0.006 inch maximum depth dent.

A016-4 Blades:  0.002 inch maximum depth dent.

d. Local deformations:

A016-6 Blades:  Within 0.75 inch forward of trailing edge:

i. 0.060 inch deformation between RS 30.0 and RS 151.0.
ii. 0.015 inch deformation between RS 10.4 and RS 30.0.

A016-4 Blades:  Within 0.75 inch forward of trailing edge:

i. 0.060 inch deformation between RS 30.00 and RS 151.00.
ii. 0.015 inch deformation between RS 13.70 and RS 30.00.
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FIGURE 9-7  ROOT FITTING BLEND LIMITS
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9.132  Dents and Local Deformations (continued)

1. e. Spar:  Refer to step 2.  Blend damaged areas by hand with a minimum 1.0 inch 
blend radius.  Blending is not allowed within 0.010 inch of spar groove leading 
edge.

A016-6 Blades:

i. 0.020 inch maximum depth damage between RS 75.5 and RS 151.0.
ii. 0.010 inch maximum depth damage between RS 21.0 and RS 75.5.
A016-4 Blades:
i. 0.020 inch maximum depth damage between RS 64.0 and RS 151.0.
ii. 0.010 inch maximum depth damage between RS 21.00 and RS 64.00.

2. Refer to § 9.140 for repair procedures for damage within limits.  Smooth, round 
bottom dents with 0.060 inch minimum radius may be filled and faired to an 
aerodynamic shape.



9.133  Root Fitting Damage

1. Refer to Figure 9-7.  Damage may not exceed the following limits:

A016-6 Blades:

Refer to step 2.  Blend damaged areas by hand with a minimum 0.030 inch blend 
radius.

a. 0.002 inch maximum depth blending on flange inboard face.
b. 0.005 inch maximum depth, 0.250 inch maximum diameter blending on flange 

outboard machined face (3 blends maximum).  0.10 inch minimum distance 
from hole edges.

c. 0.040 inch maximum depth blending on exposed areas of root fitting.

A016-4 Blades:

Refer to step 2.  Blend damaged areas by hand with a minimum 0.10 inch blend 
radius.

i. 0.010 inch maximum depth blending on flange inboard face.
ii. 0.005 inch maximum depth blending on 0.250 inch area outboard of flange.
iii. 0.060 inch maximum depth blending on exposed areas of root fitting.

2. Refer to § 9.140 for repair procedures for damage within limits.
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FIGURE 9-8   BOND AREAS
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9.134  Voids

CAUTION

Tap-test voids and debonds in blades using an AN970-4 washer 
or 1965 or later U.S. quarter dollar coin in good condition.

CAUTION

Voids or debonds in doublers are not field repairable.  If voids or 
debonds are detected in doublers which exceed limits, contact 
RHC Technical Support.

A. Critical Bond Areas

Refer to Figure 9-8.  Critical bond areas are areas less than 0.50 inch spanwise and 
less than 0.30 inch chordwise from the edge of any structural bond joint.

Bond areas not defined as semi-critical or non-critical are considered critical.

Voids separated by less than 0.25 inch are considered continuous.

1. Damage may not exceed the following limits:

a. 0.10 square inch maximum void.
b. Area must be at least 90% bonded.

B. Semi-Critical Bond Areas

A016-6 Blades:

A016-6 Blades do not have semi-critical bond areas.

A016-4 Blades:

Refer to Figure 9-8.  Semi-critical bond areas are areas more than 0.50 inch 
spanwise or more than 0.30 inch chordwise from the edge of the trim tab.

Voids separated by less than 0.25 inch are considered continuous.

1. Damage may not exceed the following limits:

a. 0.80 inch diameter circle maximum void.
b. 0.90 square inch maximum void.
c. 0.10 square inch maximum of a void extending into a critical bond area.
d. Area must be at least 80% bonded.

C. Non-Critical Bond Areas

Refer to Figure 9-8.  Non-critical bond areas are areas more than 0.50 inch spanwise 
or more than 0.30 inch chordwise from B440 cap (A016-4 blades), from doubler 
edges, and from bonded areas between skin and honeycomb. 
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9.134  Voids (continued)

C. Non-Critical Bond Areas (continued)

A016-6 Blades:

1. Voids in doubler bond joints separated by less than 0.25 inch are considered 
continuous.  Damage in doubler bond joints may not exceed the following limits:

a. Area must be at least 80% bonded.
b. 5.0 square inches, 1.0 inch chordwise, & 6.0 inches spanwise maximum void.
c. 0.10 square inch maximum of a void extending into a critical bond area.
d. Voids are permissible within 0.30 inch of doubler leading edge where it 

wraps around spar and root fitting.

2. Voids in honeycomb bond joints separated by less than 0.50 inch spanwise or 
1.0 inch chordwise are considered continuous.  Damage in honeycomb bond 
joints may not exceed the following limits:

a. Area must be at least 80% bonded.
b. 8.0 square inches, 1.0 inches chordwise, & 20.0 inches spanwise maximum 

void inboard of RS 92.0.
c. 14.0 square inches, 2.0 inches chordwise, & 20.0 inches spanwise maximum 

void outboard of RS 92.0.

A016-4 Blades:

1. Voids in A934 doubler bond joints may not exceed the following limits:

a. 5.0 square inches, 1.10 inches chordwise & 6.0 spanwise maximum void.
b. 0.10 square inch maximum void extending into a critical bond area.
c. 2.0 inches maximum void from outboard tips (refer to R22 SL-55).

2. Voids in honeycomb bond joints inboard of RS 106.0 may not exceed 8.00 
square inches, 1.00 inches chordwise, & 20.00 inches spanwise maximum.

3. Voids in honeycomb bond joints outboard of RS 106.0 may not exceed 14.00 
square inches, 2.00 inches chordwise, & 20.00 inches spanwise maximum.

4. Voids in honeycomb bond joints between RS 120.0 and RS 133.5, and between 
RS 150.0 and 166.0, must be at least 1.0 inch forward of honeycomb trailing 
edge and the skin over void may not move when trim tabs are flexed.

5. Voids in A934 doubler bond joints separated by less than 0.25 inch, less than 
0.50 inch spanwise, or less than 1.0 inch chordwise are considered continuous.  
Area must be at least 80% bonded.



9.140  Repair of Main Rotor Blades

Refer to § 1.400 for approved materials.

CAUTION

Do NOT use power tools or chemical paint strippers to repair 
main rotor blades.

1. Measure damage per § 9.130.

2. Remove damage at trailing edges, trim tab edges, tip cap, and/or tip corner by trimming 
per § 9.141 as required.

3. Polish out damage using 220 grit or finer wet-or-dry aluminum-oxide or silicon-carbide 
abrasive paper, and finish with 320 grit or finer wet-or-dry abrasive paper.  A fine-
toothed file may be used along the spar and trailing edge, provided the area is finished 
with 320 grit or finer wet-or-dry abrasive paper.  Sand or file in spanwise direction.  
Remove only the material necessary to remove the damage and blend to the radius or 
dimension specified.  Visually inspect and verify damage is removed.

4. Measure material removed per § 9.130.  Verify repair does not exceed limit specified.

5. Seal or fill as required per the following:

a. Clean area to be sealed or filled using approved solvent (refer to § 1.400).

b. Apply epoxy primer to bond joints with pin holes or other openings.  Mix primer per 
manufacturer’s instructions.  Allow a minimum of 24 hours cure time.

c. Using 220-grit or finer wet-or-dry aluminum-oxide or silicon-carbide abrasive paper, 
hand-sand cured adhesive in spanwise direction to a smooth, aerodynamic finish, 
congruent with the blade airfoil.  Do not remove metal.

d. Hand-sand surrounding painted surface until 25% primer remains.  Keep bare metal 
to a minimum.

6. Paint per § 9.142 as required.

7. Track and balance main rotor per § 10.230 as required.
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FIGURE 9-9A  TRIM LIMITS
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9.141  Trimming

Refer to Figures 9-9A & 9-9B.  Trimming may be performed on the trailing edge of 
main rotor blade skins and trim tab edges within limits shown.  (Alternately, a trailing 
edge nick or notch may be blended out 1.0 inch minimum spanwise, each side of nick 
or notch within limits shown.)  Trimming is not permitted on spar or doublers.

Tip cap and tip corner may be trimmed within limits shown.

Finish repair per § 9.140 steps 2 thru 7.  File trailing edge or trim tab edges square 
with skins (do not file into a point).  Verify minimum chord dimension.

9.142  Painting

Refer to § 1.400 for approved materials.  Refer to paint manufacturer’s recommendations.

CAUTION

If force-drying paint, do not exceed 175º F surface temperature 
on blade; monitor blade temperature.

1. Remove main rotor blade tip cover(s) as required.  Clean the blade(s).

2. Feather edge of paint bordering bare metal by hand-sanding spanwise with 220-grit 
or finer wet-or-dry aluminum-oxide or silicon-carbide abrasive paper.  Do not remove 
metal.

3. Mask area to prevent overspray contamination.

4. Clean bare metal to be painted with a lint-free cloth dampened with enamel cleaner.

5. Prime bare metal, including bare metal under tip cover(s) as required, with at least 
two coats epoxy primer.  Scuff first coat of primer with 320-grit abrasive paper 
(or very fine Scotch-Brite), and wipe down with a lint-free cloth dampened with 
enamel cleaner prior to applying second coat.

FIGURE 9-9B  FILING SKIN EDGES SQUARE
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FIGURE 9-10  MAIN ROTOR BLADE PAINT SCHEME (A016-6 BLADE SHOWN)

9.142  Painting (continued)

6. Refer to Figures 9-10.  Apply dark gray (root), flat black, white, and/or yellow 
polyurethane enamel, as required, to primed area in accordance with paint 
manufacturer’s recommendations.

NOTE

Allow Imron paint to cure at least 72 hours before flying in 
erosive conditions (such as drizzle, rain, or dust).

7. Install blade tip cover(s) if removed.

8. Remove masking materials.
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9.200  Tail Rotor

9.210  Tail Rotor Assembly Removal

1. Mark or tag each pitch link and corresponding blade for reinstallation.  Remove hardware 
securing pitch links to tail rotor blades, noting hardware removed.

NOTE

Tail rotor pitch link-to-blade attach bolts may be different lengths 
and/or have different washers installed under nut for balancing.

2. Remove nut and A141-14 washer securing A119-1 bumper to tail rotor gearbox output 
shaft.

3. Remove teeter hinge bolt, then slide tail rotor assembly and bumper, and A130-1 
spacers (A030-1 hub assembly only), off of shaft.
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FIGURE 9-11  TAIL ROTOR ASSEMBLY INSTALLATION (A008-4 ASSEMBLY SHOWN)
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CHAPTER 10

RIGGING, TRACK AND BALANCE

10.000  Rigging, Track and Balance

10.001  Introduction

This section contains the procedures necessary to rig the main rotor flight controls, 
tail rotor flight controls and throttle correlation.  The track and balance procedures in 
this section are to be used in conjunction with Chadwick-Helmuth balancing equipment 
instructions.

10.002  Rod End Adjustment Procedures For Rigging

The following procedure is a standard for the adjustment of rod ends on the R22 helicopter.

1. Loosen the palnut and jamnut on the rod end.

2. Screw the rod end in or out of the push-pull tube or pitch link as required to obtain the 
proper rigging adjustment.

3. After adjustment of the rod end, check the witness hole in the push-pull tube or pitch 
link to ensure the rod end is installed far enough to cover the hole.  This should be 
checked using a piece of .020” safety wire.  The safety wire must not pass through 
the witness hole into the push-pull tube or pitch link.

4. Align the rod ends on both ends of the push-pull tube or pitch link so they will have 
maximum misalignment clearance with the bellcrank clevis or arm (both rod ends 
must move “stop to stop”).  Collective rigging settings are made by readjusting the 
total length of the pitch links.  Adjustments (turns on the upper rod end or hex portion 
of the pitch link) to each pitch link will be the same.  The pitch link length may be 
adjusted in three ranges; coarse, medium and fine.  Adjustments are made as follows:

a. Coarse length adjustments to the length are made by rotating the coarse-threaded 
section of the hex portion of the pitch link (the upper rod end is disconnected, the 
lower rod end remains connected).  Loosen the jamnut on the coarse threads only.  
Increase blade angle by unscrewing the hex from the lower pitch link.  Decrease 
the angle by screwing the hex portion into the barrel.  One full turn changes the 
blade angle by approximately .72 degrees.

b. Medium length adjustments are made by rotating the upper rod end only.  Disconnect 
the rod end from the blade and loosen the rod end jamnuts.  Increase blade angle 
by unscrewing the rod end from the hex portion of the pitch link.  Decrease the 
angle by screwing the rod end into the hex.  One full rod end turn changes the 
blade by approximately .48 degrees.

c. The fine length adjustments are made by rotating only the hexagonal portion of the 
pitch link.  The upper and lower rod ends remain connected.  Loosen the jamnuts 
above the hex.  Increase blade angle by screwing the hex out of the lower barrel. 
Decrease blade angle by screwing the hex into the lower barrel.  One full turn of 
the hex portion changes the blade angle approximately .24 degrees.

5. Torque rod end jamnuts and palnuts per § 1.300.
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10.100  Rigging

10.110  Main Rotor Flight Controls

10.111  Cyclic Controls

The cyclic control travel is non-adjustable and is controlled by A211-1 stop plate 
attached to the cyclic box assembly.

NOTE

If the A121-1 push-pull tube length has been changed or the 
length of the A205 fork was changed, they must be readjusted 
to the dimensions shown in Figure 8-3.

a. Place the cyclic stick against the aft stop and the collective control full down.

b. Adjust the A121-3 push-pull tube to obtain a clearance of .130 inch between the 
aft arm of the jack shaft and the main rotor gearbox upper cap flange.
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FIGURE 10-12  MAIN ROTOR BLADE TRIM TAB ADJUSTMENT
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10.233  Main Rotor Blade Trim Tab Adjustment

NOTE

To correct for a "climbing" blade condition (blade spread that 
exceeds 3/8 inch with forward airspeed), bend high blade trim 
tab down.

CAUTION

Do not use other helicopter manufacturers' trim tab bending 
tools.  Use of these tools will damage Robinson blades.

CAUTION

MT352-1 gage must contact trim tab trailing edge.  If gage 
does not contact tab trailing edge, tab is bent beyond limit.

CAUTION

Tighten MT526-1 or MT526-8 trim tab bending tool bolt to 
bend tab; do not use tool as a lever.

CAUTION

Bend tab upward only when absolutely necessary; bending tab 
upward can increase rotor vibration.

CAUTION

MT526-1 trim tab bending tool (for A016-4 [stainless steel 
skin] blades) and MT526-8 trim tab bending tool (for A016-6 
[aluminum skin] blades) are not interchangeable.  Use of wrong 
bending tool can result in blade damage.  MT090-1 trim tab 
bending tool (for earlier blades) is obsolete.

1. Using felt tip marker, ink mark main rotor blade trim tab per Figure 10-12.  Mark 
line with a measuring point in the center of the tab (approximate).

2. Position MT352-1 gage chordwise across blade upper surface and tab trailing edge. 
Zero dial indicator on measuring point.

3. Position MT526-1 (trim tab bending tool (for A016-4 [stainless steel skin] blades) 
or MT526-8 trim tab bending tool (for A016-6 [aluminum skin] blades) on tab per 
Figure 10-12.  Slide tool completely over tab until tool stops contact blade trailing 
edge.  Double-rib side of tool should contact tab upper surface to bend tab down.  
Double-rib side of tool should contact tab bottom surface to bend tab up.

4. Tighten MT526 bending tool bolt to bend tab.  Make slight bends and re-measure 
tab with MT352-1 gage.  Bend trim tab 0.015 inch (down) to effect dynamic 
movement of main rotor blade tip approximately 0.2 inch (downward).
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CHAPTER 11

HEATING AND VENTILATION

11.000  Heating and Ventilation

11.001  Introduction

This section contains the procedures necessary for removal, installation and replacement 
of the heater and ventilation systems.

11.002  Description

The cabin heater system consists of an electric blower on left side of the engine 
compartment, a heat shroud over the muffler, a control valve on the firewall inside the 
pilot’s baggage compartment, and the interconnecting ducts between components.  The 
blower switch and heat control cable are located on the ledge just forward of the pilot’s 
seat.  The switch turns the blower on and the heat control actuates a valve which directs 
the heat either into the cabin or out an overboard discharge on the underside of the cabin.

11.100  Cabin Heater (See Figure 11-1)

11.110  Cabin Heater Removal

a. To remove the electric blower assembly, disconnect the electric power lead at quick 
disconnect.  Disconnect duct from blower housing and cap duct opening.  Remove 
four attaching screws holding blower to side skirt.  Remove blower attaching bolt at 
frame.

b. To remove heater shroud, disconnect duct from heater covers inside pilot’s baggage 
compartment.  Disconnect ducts from front and aft of firewall at the valve and cap 
duct openings.  Remove the attaching screws holding the valve assembly and aft inlet 
to the vertical firewall.

c. To remove heater valve assembly, remove heater covers inside pilot’s baggage 
compartment.  Disconnect ducts from front and aft of firewall at the valve and cap 
duct openings.  Remove the attaching screws holding the valve assembly and aft inlet 
to the vertical firewall.

d. If heater system is to be removed permanently, reinstall exhaust system per § 6.520.  
Install covers A674-l and A675-1 and seal with RTV102 G.E. Silicone Rubber.  Remove 
the jumper wire from the aft C.B. bus bar.  If the wires are disconnected from the 
switch, they should have heat shrink installed over the terminals and loose wires ty-
rapped securely.  Remove blower switch and cable and install DP375 and DP437 plug.  
Remove ducts and insulation.
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11.120  Cabin Heater Installation

a. If not already drilled, drill a 2 O.D. inch hole in bottom of right baggage compartment 
as follows:  Drill a #40 hole, 5.30 inches to the right of the keel panel and 1.75 inches 
forward of the aft firewall.  Enlarge hole to 2 O.D. inch diameter using fly cutter.

b. Install the inlet to the back of the vertical firewall and the valve assembly to the front, 
inside the baggage compartment.

c. If necessary, match drill the attachment holes .170 D from the A625-1 and A753-1 
covers into the fuselage.

d. Route the cable through the pre-drilled forward braces and around the upper right side 
of the baggage compartment.  Use 4 each AN742-3 clamps.

NOTE

Install the control cable with the core wire removed to prevent 
kinks of cable.  Tighten clamps securely so cable will not move.

e. Lube inner wire with A257-1 Moly Grease 101 and install cable.  Use caution not to 
kink wire.

f. Install control cable to valve assembly.  Adjust cable to give 1/16 inch spring back at 
full closed position.  Cut excess cable approximately 1/2 inch from nut and bend cable 
90 degrees to nut.

g. Install the A625-1 box.

h. Install duct hose wrapped in insulation from the cabin outlet to the firewall valve.

i. Temporarily install the heater blower to the side skirt and mark the blower arm through 
the A020-1 frame assembly.  Remove blower and drill .25 O.D. hole in blower arm. 
Position scoop facing forward on side skirt.  Drill .170 D (2 places) top and bottom, if 
not already drilled.
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CHAPTER 12

FUEL SYSTEM

12.000  Description

Fuel system maintenance is specific to either bladder or all-aluminum tank installations 
(production aircraft have flexible bladders in aluminum enclosures while earlier aircraft use 
all-aluminum tanks).  Mechanics are advised to identify fuel tank installation type, and to 
follow the appropriate maintenance procedures.  Maintenance procedures for the carburetor 
or engine fuel system accessories may be found in the appropriate manufacturer’s technical 
data.

The fuel system is gravity-flow (no fuel pumps) and includes a main tank, an auxiliary tank 
(optional for all-aluminum tanks), a shut-off valve control located behind the left seat, and a 
strainer (gascolator).  Fuel tank air vents are located inside the mast fairing.

Plunger-style drain valves are provided for the gascolator and for each fuel tank sump.  The 
gascolator is located on the lower left side of the firewall.  The drain valves for the auxiliary 
tank and bladder-style main tank are located inside the cowl door below the auxiliary tank.  
Plastic tubes attached to the valves allow fuel to be drained overboard.

Fuel samples are taken by pushing on the plunger(s).  For all-aluminum main tanks, the drain 
is located on the left side of the fuselage and is opened by pushing in on the plastic tube.  
Fuel should be sampled from all three locations prior to the first flight of the day and after 
refueling to verify no contamination and correct grade.

The fuel gages are electrically operated by float-type transmitters in the tanks.  When the 
gages read E the tanks are empty except for a small quantity of unusable fuel.  The low fuel 
caution light is actuated by a separate electric sender located on the bottom of the main 
tank.

The auxiliary tank is interconnected with the main tank and is located somewhat higher so 
it will become empty first while fuel still remains in the main tank.  The fuel shutoff valve 
controls flow from both tanks to the engine.
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FIGURE 12-1  FUEL SYSTEM (BLADDER TANK INSTALLATION SHOWN)
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12.100  Fuel Tanks

CAUTION

Flexible hoses kink easily; handle with care.

CAUTION

Temporarily cap fuel fittings when opened.

WARNING

Fuel vapors are explosive.  Do not use electric tools in vicinity 
of an opened fuel system.

12.110  Main Tank

A. Removal

1. Defuel helicopter per § 1.150.

2. Remove mast fairing.  Open access doors, disconnect ELT antenna and ground 
wire at connectors if ELT is installed, and remove tailcone fairing.  Remove B423-1 
channel assembly and B429 skins (cowling between tanks).

3. Remove left backrest assembly.

4. Loosen clamps, or cut and discard safety wire, securing vent tubes to main tank 
assembly and pull tubes off of tank.  Remove hardware securing A713-1 strap to 
tank.

5. Cut and discard ty-raps as required and disconnect fuel quantity sender and low-
fuel switch assembly wiring from airframe harness at connectors.  Remove nuts 
securing wiring to fuel quantity sender if connectors are not installed.

6. a. Bladder Tank:  Disconnect D205-32 (tank-to-fuel shut-off valve) hose assembly 
from valve and D205-33 (tank interconnect) hose assembly from aux tank.  Cut 
and discard ty-raps attaching D205-34 (drain) hose assembly and D205-33 
hose assembly to support, then disconnect hose from drain valve connector.  
(Hose assemblies remain attached to main tank during tank removal.)

b. All-Aluminum Tank:  Disconnect A726-2 (tank-to-fuel valve) and B141-1 (tank 
interconnect; aux tank option) line assemblies and remove line assemblies.

7. Remove hardware securing tank's A028-7 frame (panel) to B428-1 frame (panel)  
and A020-2 (steel tube) upper frame.  Remove hardware securing tank outboard 
corners to horizontal firewall vertical flange.  Remove hardware securing tank forward 
channel to underside of horizontal firewall (access from engine compartment).

8. Carefully remove tank assembly.
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12.110  Main Tank (continued)

B. Installation

NOTE

When positioning main tank in helicopter, verify vertical strip 
attached to horizontal firewall is between tank’s D249-4 angle 
(attached to stiffener on bottom of tank) and tank’s exterior skin.

NOTE

Electrically verify proper function of low-fuel warning switch 
and fuel quantity sender prior to main tank installation.  Perform 
fuel quantity sender check per § 12.410 as required.

1. Bladder Tank:  If not previously accomplished, connect D205-32 (tank-to-fuel 
shut-off valve) hose assembly to main tank strainer assembly, D205-33 (tank 
interconnect) hose assembly to main tank AN815-6D union, and D205-34 (drain) 
hose assembly to main tank AN815-4D union.  Special torque hose nuts per § 
1.330 and torque stripe per Figure 2-1.

2. Position main tank assembly in helicopter, carefully routing attached hose assemblies 
(bladder tanks) to appropriate locations.

3. Install hardware securing tank outboard corners to horizontal firewall vertical flange.  
Install hardware securing A713-1 strap to tank.  Install hardware securing A028-7 
frame (panel) to B428-1 frame (panel) and A020-2 (steel tube) upper frame.  Install 
hardware securing tank forward channel to underside of horizontal firewall (access 
from engine compartment).  Standard torque hardware per § 1.320 and torque 
stripe per Figure 2-1.

4. a. Bladder Tank:  Connect D205-32 hose assembly to fuel valve elbow.  Connect 
D205-33 hose assembly to aux tank strainer assembly.  Connect D205-34 
hose to drain valve connector.  Special torque hose nuts per § 1.330 and 
torque stripe per Figure 2-1.  Install two MS3367-5-9 ty-raps around D205-33 
and D205-34 hose assemblies to stand-off ty-rap hoses to support, but do not 
tighten.  Maintain 0.25 in. minimum clearance for D205-33 hose with frame 
assembly and firewall, and for D205-34 hose with firewall and support.  Cinch 
ty-raps until snug without over-tightening, and trim tips flush with heads.

b. All-Aluminum Tank:  Connect A726-2 (tank-to-fuel shut-off valve) line assembly 
to tank elbow or tee (aux tank option) and fuel valve elbow.  Connect B141-1 
line assembly (aux tank option) to aux tank nipple and tank tee.  Special torque 
line nuts per § 1.330 and torque stripe per Figure 2-1.

5. Connect fuel quantity sender and low-fuel switch assembly wiring to airframe 
harness at connectors.  Install nuts securing wiring to fuel quantity sender if 
connectors are not installed; special torque nuts per § 1.330 and torque stripe per 
Figure 2-1.  Install ty-raps as required.

6. Connect vent tubes to tank and tighten clamps until snug, or wrap two turns 
0.032-in. dia. lockwire and safety tubes tight to tank.  Verify security.
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12.110  Main Tank (continued)

B. Installation (continued)

7. Check fuel quantity indication per § 12.420.  Verify no leaks.

8. Inspect fuel cap alignment stripes per R22 Service Bulletin SB-107.  Verify proper 
installation and legibility of D682-44 decals.

9. Install left backrest assembly.

10. Install B423-1 channel assembly, B429 skins (cowlings between tanks), and A706-
1 tailcone fairing.  Install mast fairing.  Connect ELT antenna & ground wire at 
connectors if ELT is installed.  Secure access doors.

11. Perform pitot-static leak check if system was disturbed.

C. Bladder Replacement

NOTE

During disassembly, progressively tape bladder openings to 
protect interior from foreign object contamination.  During 
assembly, progressively remove protective tape.

CAUTION

B028-1 bladder assembly temperature should be above 65°F 
before removing, installing, or flexing bladder.

1. Remove main fuel tank per Part A.

2. Remove fuel quantity sender per § 12.410.

3. Remove screws securing D250-6 cover assembly to B028-1 bladder assembly and 
tank.  Carefully remove cover, with low-fuel switch assembly attached.  Remove 
o-ring, and discard if condition warrants.

4. At vents, remove screw securing bladder to tank.

5. At fuel filler neck, remove fuel cap and screws securing bladder to tank.

6. At forward inboard corner, remove B254-3 strainer assembly, AN815-4D union, & 
AN815-6D union and discard o-rings.  Remove screws securing bladder to tank.

7. Remove hardware securing B578-1 bulkhead assembly, B575-4 channel, and 
B575-5 stiffener to tank.  Detach hook-and-loop tape and remove bulkhead.

8. Detach hook and loop tape and carefully remove bladder.

9. Carefully insert new B028-1 bladder assembly inside main tank assembly.  Align 
bladder and tank fastener holes and press hook-and-loop tape together.

10. Install hardware securing B578-1 bulkhead assembly, B575-4 channel, and B575-5 
stiffener to tank.  Verify security.



12.110  Main Tank (continued)

C. Bladder Replacement (continued)

11. At forward inboard corner, apply A257-9 anti-seize to screw threads and install 
screws securing bladder to tank.  Lubricate new o-rings with A257-6 grease and 
install o-rings on B254-3 strainer assembly, AN815-4D union, and AN815-6D 
union.  Install strainer and unions; special torque per § 1.330 and torque stripe per 
Figure 2-1.

12. At fuel filler neck, apply A257-9 anti-seize to screw threads and install screws 
securing bladder to tank.  Install fuel cap.

13. At vents, apply A257-9 anti-seize to screw threads and install screw securing 
bladder to tank.

14. On bottom, lubricate (new) o-ring with A257-6 grease and install o-ring in bladder 
ring groove.  Carefully insert D250-6 cover into bladder, with attached low-fuel 
switch assembly.  Apply A257-9 anti-seize to threads and install screws securing 
cover to bladder and tank.

15. Install fuel quantity sender per § 12.410.

16. Pressure check assembled fuel tank by plugging vents and fittings and pressurizing 
bladder to no more than 1 psi.  Check for leaks with a mild soap and water solution 
applied to all seams.

17. Install main fuel tank per Part B.
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12.120  Auxiliary Tank

A. Removal

1. Defuel helicopter per § 1.150.

2. Open right side of mast fairing.  Open access doors, disconnect ELT antenna & 
ground wire at connectors if ELT is installed, and remove tailcone fairing.  Remove 
B423-1 channel assembly and B429 skins.  Remove B430 door and skin.

3. Remove right backrest assembly.

4. Loosen clamps, or cut & discard safety wire, securing vent tubes to aux tank 
assembly and pull tubes off tank.  Remove hardware securing pitot-static line 
clamp to tank channel.

5. Cut & discard ty-raps as required and disconnect fuel quantity sender wiring 
from airframe harness at connectors.  Remove nuts securing wiring to sender if 
connectors are not installed.

6. Remove hardware securing rotor brake cable assembly to B112-1 lever.  Cut & 
discard heat shrink and disconnect bead chain from cable at connector.

7. Cut & discard ty-rap securing drain tube to angle (bladder tank), or remove hardware 
securing drain tube clamp to firewall clip.

8. Disconnect hose or line assembly from tank fitting.

9. Bladder Tank:  Above right seat, gently lift foam from bulkhead and remove fasteners 
securing tank to bulkhead.

10. Remove screws securing tank channel to frames.

11. Remove perimeter screws securing tank to bulkhead.  Remove tank.
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12.120  Auxiliary Tank (continued)

B. Installation

1. Position aux tank assembly in helicopter.  Install perimeter screws securing tank to 
bulkhead.

2. Install screws securing tank channel to  frames.

3. Bladder Tank:  Above right seat, gently lift foam from bulkhead and install fasteners 
securing tank to bulkhead.

4. a. Bladder Tank:  Connect D205-33 hose assembly to aux tank fitting, special 
torque hose nut per § 1.330, and torque stripe per Figure 2-1.  Verify 0.25 in. 
minimum clearance with frame assembly and firewall (reposition hose assembly 
angle as required).

b. All-Aluminum Tank:  Connect B141-1 line assembly to aux tank fitting, special 
torque line nut per § 1.330, and torque stripe per Figure 2-1.

5. a. Bladder Tank:  Install MS3367-5-9 ty-rap securing drain tube to angle.  Cinch 
ty-rap until snug without over-tightening, and trim tip flush with head.

b. All-Aluminum Tank:  Install hardware securing drain tube clamp to firewall clip.

6. Install hardware securing rotor brake cable assembly to B112-1 lever.  Slip length 
of B158-6 heat shrink over rotor brake chain, connect chain and cable, and activate 
heat shrink over connector.  Verify security.

7. Connect fuel quantity sender wiring at connectors.  Install nuts securing wiring to 
fuel quantity sender if connectors are not installed.  Install ty-raps as required.

8. a. Bladder Tank:  Connect vent tubes to tank and tighten clamps until snug.  Verify 
security.

b. All-Aluminum Tank:  Connect vent tubes to tank, wrap two turns 0.032-in. dia. 
lockwire and safety tubes tight to tank.  Verify security.

9. Install hardware securing pitot-static line clamp to tank channel.

10. Check fuel quantity indication per § 12.420.  Verify no leaks.

11. Inspect fuel cap alignment stripes per R22 Service Bulletin SB-107.  Verify proper 
installation and legibility of D682-44 decals.

12. Install right backrest assembly.

13. Install B430 door and skin.  Install B423-1 channel assembly and B429 skins.  
Install tailcone fairing, connect ELT antenna ground wire at connector if ELT is 
installed, and close access doors.  Close right side of mast fairing.



12.120  Auxiliary Tank (continued)

C. Bladder Replacement

NOTE

During disassembly, progressively tape bladder openings to 
protect interior from foreign object contamination.  During 
assembly, progressively remove protective tape.

CAUTION

B028-2 bladder assembly temperature should be above 65°F 
before removing, installing, or flexing bladder.

1. Remove aux fuel tank per Part A.

2. Remove fuel quantity sender per § 12.410.

3. Remove screws securing D250-8 cover assembly to B028-2 bladder assembly and 
tank.  Carefully remove cover, with strainer, siphon, and union attached.  Remove 
and discard o-ring.

4. At vents, remove screw securing bladder to tank.

5. At fuel filler neck, remove fuel cap and screws securing bladder to tank.

6. Remove hardware securing B579-1 bulkhead assembly and B577-2 stiffener to 
tank.  Detach hook-and-loop tape and remove bulkhead.

7. Detach hook and loop tape and carefully remove bladder.

8. Carefully insert new B028-2 bladder assembly inside aux tank assembly.  Align 
bladder and tank fastener holes and press hook and loop tape together.

9. Install hardware securing B579-1 bulkhead assembly and B577-2 stiffener to tank.  
Verify security.

10. At fuel filler neck, apply A257-9 anti-seize to screw threads and install screws 
securing bladder to tank.  Install fuel cap.

11. At vents, apply A257-9 anti-seize to screw threads and install screw securing 
bladder to tank.

12. Lubricate new o-ring with A257-6 grease and install o-ring in bladder ring groove.  
Carefully insert cover into bladder, with strainer, siphon, and union attached.  Apply 
A257-9 anti-seize to threads and install screws securing cover to bladder and tank.

13. Install fuel quantity sender per § 12.410.

14. Pressure check assembled fuel tank by plugging vents and fittings and pressurizing 
bladder to no more than 1 psi.  Check for leaks with a mild soap and water solution 
applied to all seams.

15. Install aux fuel tank per Part B.
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FIGURE 12-2  FUEL VENTS
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12.200  Fuel Vents

12.210  (Vent Line) Rollover Valve Assemblies

R22 rollover valves contain one brass ball.  In normal conditions, air flows around the vent 
ball from the bladder expansion spaces.  In the event of inadvertent over-filling or in-flight 
fuel sloshing, the ball will float and seal the vent.  If the aircraft is inverted, the ball seals 
the vent to minimize fuel spillage.  There are no internal packings.

A. Removal

1. Open right side of mast fairing.

2. Above lower rib, remove D277-6 (spring) clamp securing A729-61 tube to D251-1 
rollover valve assembly and pull tube off of valve.  Pull valve downward, through 
rib grommet.

3. Loosen B277-4 (worm gear) clamp securing A729-48 or A729-62 tube to rollover 
valve and pull tube off of valve.

B. Installation

1. Observe orientation markings and push A729-48 or A729-62 tube onto D251-
1 rollover valve assembly and tighten B277-4 (worm gear) clamp.  Push valve 
upward, through lower rib grommet.

2. Above rib, push A729-61 tube onto rollover valve and install D277-6 (spring) 
clamp.  Verify security.

3. Perform vent system check per Part C.

C. Vent System Check

1. Open right side of mast fairing.  Verify main and aux fuel tank caps are installed.

2. Attach temporary hose to one A731-4 (vent) tube.

3. Blow into the temporary hose (do not use compressed air) and verify air blows out 
the other vent tube.  If air does not blow out the other vent, remove obstruction(s) 
and repeat check.

4. Close mast fairing.

12.300  Drain Valves

A. Removal

1. Defuel helicopter per § 1.150.  Remove engine right cowling, as required.

2. Cut & discard safety wire securing A729 tube to A761-1 drain valve, if installed, and 
pull tube off of valve.

3. Remove valve from connector, tank, or gascolator assembly.  Tape fuel system opening.

4. Actuate valve to expose stem, then remove & discard o-ring.
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D252-3 FUEL QUANTITY SENDER
Main Tank (Bladder Tank)

FIGURE 12-3  FUEL QUANTITY SENDER CHECK

D252-4 FUEL QUANTITY SENDER
Aux Tank (Bladder Tank)

A550-1 FUEL QUANTITY SENDER
Main Tank (All-Aluminum Tank)

B122-1 FUEL QUANTITY SENDER
Aux Tank (All-Aluminum Tank)
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12.300  Drain Valves (continued)

B. Installation

1. Actuate A761-1 drain valve to expose stem, and install new o-ring in stem seat.

2. Lightly coat valve threads using B270-6 sealant.  Remove tape and install valve in 
connector, tank, or gascolator assembly.  Standard torque valve per § 1.320 and 
torque stripe per Figure 5-1.

3. Push A729 tube onto valve.  Wrap tube with two turns 0.032-inch diameter lockwire 
and safety tube to valve, as required.

4. Fuel helicopter per R22 Pilot’s Operating Handbook Section 2 and inspect fuel system 
for leaks.  Install engine right cowling, if removed.

12.400  Fuel Quantity

12.410  Fuel Quantity Senders

A. Removal

1. a. Bladder Tanks:  If removing D252-3 fuel quantity sender, remove main fuel tank 
per § 12.110.  If removing D252-4 fuel quantity sender, defuel helicopter per § 
1.150.

b. All-Aluminum Tanks:  Defuel helicopter per § 1.150 until level is below fuel 
quantity sender mounting hole.  Cut & discard ty-raps as required and disconnect 
sender wiring from airframe harness at connectors.  Remove nuts securing 
wiring to sender if connectors are not installed.

2. Remove hardware securing fuel quantity sender to cover assembly or tank.  Carefully 
pull sender lever through opening, then tape opening.

B. Installation

1. Perform fuel quantity sender check per Part C.

2. Inspect condition of sender gasket and replace as required.  Remove tape from 
opening, position gasket on sender, and carefully insert sender lever through 
opening.  Install hardware, special torque bolts in criss-cross pattern per § 1.330, 
and torque stripe per Figure 2-1.

3. Bladder Tanks:  If removed, install main fuel tank per § 12.110.

4. Connect sender wiring to airframe harness at connectors.  Install nuts securing 
wiring to sender if connectors are not installed.  Install ty-raps as required.

5. Check fuel quantity indication per § 12.420.  Verify no leaks.
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FIGURE 12-3  FUEL QUANTITY INDICATION CHECK

12.410  Fuel Quantity Senders (continued)

C. Check

1. Remove fuel quantity sender per Part A.

2. Simulate mounting position of appropriate sender per Figure 12-3.  Position float 
arm as shown and measure the resistance with a multimeter.  Verify resistance is 
within tolerance in the four positions given.

3. If resistance is out of tolerance at any of the four positions given, bend the float 
arm up for a sender with excessive resistance, or bend the float arm down for a 
sender with too little resistance.  Repeat steps until sender resistance is within 
tolerance.

4. Install fuel quantity sender per Part B.

12.420  Fuel Quantity Indication

1. Defuel helicopter per § 1.150.  Turn fuel shut-off valve off.

2. Fuel main tank with exactly 6.2 gallons (bladder tanks) or 5.0 gallons (all-aluminum 
tanks, aux tank only) of fuel per R22 Pilot’s Operating Handbook Section 2.  Wait five 
minutes for fuel levels to equalize.  Inspect for leaks.

3. Turn battery switch on and read fuel quantity gage.  Verify fuel gage indicates one half 
to one and one half needle-widths below a quarter of a tank, as shown in Figure 12-3.

4. If indication is beyond allowable limit, perform fuel quantity sender check per § 12.410.  
If sender resistance is within tolerance, adjust fuel gage per § 14.440, or replace fuel 
gage as required and repeat check.

MINIMUM ALLOWABLE INDICATION MAXIMUM ALLOWABLE INDICATION

1½ Needle-widths below ¼ of a tank ½ Needle-width below ¼ of a tank

Main Tank Gage Main Tank Gage
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12.430  Low-Fuel Switch Assembly

CAUTION

Avoid contaminating fuel bladder or tank interior.  Cover arms 
with sleeves and use lint-free gloves when working inside interior.

A. Removal

1. Remove main fuel tank per § 12.110.

2. Remove A521 low-fuel switch assembly wiring pins from connector housing.

3. Remove fuel cap.  Carefully capture switch assembly body with clean mechanical 
fingers (avoid capturing movable float).  Remove AN924-5D nut securing switch 
assembly to cover or tank.

4. Carefully pull switch assembly through fuel cap opening, avoiding fuel quantity 
sender.  Install fuel cap, and tape fuel bladder or tank opening.

B. Installation

1. Lubricate new o-ring with A257-6 grease, and install o-ring over A521 low-fuel 
switch assembly threads.

2. Tape switch assembly wiring to 30-inch length of lockwire.

3. Remove fuel cap and tape.  Position tank upside down.  Thread lockwire through 
fuel cap opening and switch assembly mounting hole.  Pull switch assembly wires 
and threads through mounting plate and retaining nut.

4. Apply light coat B270-1 sealant to mating face of AN924-5D nut and install nut 
securing switch assembly to cover or tank.  Special torque nut per § 1.330 and 
torque stripe per Figure 2-1.

5. Install main fuel tank per § 12.110.

6. Perform operation check per Part C.

C. Operation Check

1. Turn battery switch on.  Fuel helicopter per R22 Pilot’s Operating Handbook Section 
2 as required and inspect fuel system for leaks.

2. With a clean wooden dowel, gently depress low-fuel switch assembly float and 
verify low fuel warning light illuminates after approximately 1 second delay.

3. If warning light does not illuminate when float is depressed, but does illuminate 
when activating push-to-test switch, replace switch assembly.
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12.500  Gascolator Assembly

A. Cleaning Sediment Bowl

1. Turn battery switch off.  Turn fuel shut-off valve off.  Remove left side skirts.  Electrically 
ground helicopter.  Drain fuel into an approved, electrically-grounded container using 
A666-1 gascolator assembly drain valve.

2. Cut & discard safety wire securing gascolator collar to outlet fitting.  Unscrew collar, 
and remove collar, ring, and sediment bowl.

3. Remove gasket and screen from gascolator top.  Inspect, then clean, sediment bowl 
and screen.

4. Install screen and gasket in gascolator top.  Apply light coat A257-6 grease to collar 
threads and collar inner flange.  Verify large diameter of ring contacts collar inner 
flange.  Slide ring and collar over bottom of sediment bowl so small diameter of ring 
engages groove in bowl flange.  Position sediment bowl drain valve thru hole in belly 
panel, and hand-tighten collar, ring, and bowl onto gascolator top until snug.  Verify 
no threads exposed in gascolator top.  Safety collar to outlet adapter using 0.032-inch 
diameter lockwire. 

5. Turn fuel shut-off valve on.  Perform ground check and run up per §§ 2.205 & 2.210.  
Verify no leaks; repair as required.  Install left side skirts.
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12.600  Minimum Fuel Flow Check

1. Turn battery switch off.  Turn fuel shut-off valve off.  Electrically ground helicopter.   
Remove right side skirts.  Verify fuel tank cap(s) are installed.

2. Fuel main tank with exactly 3.0 gallons (bladder tanks) or 1.7 gallons (all-aluminum tanks) 
fuel per R22 Pilot's Operating Handbook Section 2.

3. Disconnect B283 hose assembly from carburetor, turn battery switch and fuel shut-off 
valve on, and defuel helicopter into an approved, electrically-grounded container until low 
fuel light illuminates.  Turn battery switch and fuel shut-off valve off.

4. Place electrically-grounded, calibrated container beneath hose, turn fuel shut-off valve on, 
and record time required to fill container.  Verify filling time does not exceed maximum 
time listed below:

ALLOWABLE FUEL FLOW RATE

QUANTITY MAXIMUM TIME

1 U.S. Gallon 2 minutes 25 seconds
4 Liters 2 minutes 33 seconds
1 Imperial Gallon 2 minutes 54 seconds

5. If filling time is exceeded, perform vent system check per § 12.210.  Inspect fuel tank 
outlet strainer, line assembly, and hose assemblies for obstructions.  Remove obstructions 
and repeat check.

6. Connect B283 hose assembly to carburetor, special torque nut per § 1.330, and torque 
stripe per Figure 2-1.

7. Perform ground check and run up per §§ 2.205 & 2.210.  Verify no leaks.  Install right 
side skirts.
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CHAPTER 13

INSTRUMENTS

13.000  Description

Standard primary instruments include an airspeed indicator, engine and rotor dual tachometer, 
altimeter, manifold pressure gage, and magnetic compass.  Engine gages include an ammeter, 
oil pressure, oil temperature, cylinder head temperature, and fuel quantity for main and aux 
(if installed) tanks.  Also standard are a clock, a carburetor air temperature gage, and a digital 
outside air temperature gage.  An hourmeter actuated by engine oil pressure is located on the 
ledge just forward of the pilot’s seat.

The pitot-static system supplies air pressure to operate the airspeed indicator, altimeter, and 
vertical speed indicator.  The pitot tube is located on the front edge of the mast fairing.  The 
static source is located inside the aft cowling inboard of the cowl door hinge.

Water can be drained from pitot-static lines by removing the plastic drain plugs which are 
accessible through the inspection panel on the underside of the cabin.  Draining lines should 
only be required if the airspeed indicator or altimeter appears erratic.

Pitot and static sources should be inspected frequently for bugs or other obstructions.
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FIGURE 13-1  PITOT-STATIC SYSTEM
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13.100  Pitot-Static System

CAUTION

Do not apply suction to pitot system or pressure to static system.

A. Pitot System Leak Test

1. Open mast fairing.

2. Refer to Figure 13-1.  Seal drain hole in elbow aft of pitot tube with pressure-sensitive 
tape.  Connect a medical syringe, with plunger withdrawn, to pitot tube via flexible 
tubing.

3. Slowly apply pressure to pitot line by depressing syringe plunger until airspeed indicator 
reads 70 knots (plunger will remain in place).

4. Gently tap airspeed indicator glass to remove friction effects.

5. If airspeed indication drops more than 10 knots in one minute, an unacceptable leak 
is indicated.  Slowly release pressure.  Locate and repair any leak(s).  Retest after any 
repairs.

6. Remove tape from pitot tube drain hole and verify airspeed indicator has returned to 
zero.

7. Remove test equipment.  Close mast fairing.

B. Static System Leak Test

CAUTION

Airspeed indicator, altimeter, and vertical speed indicator may 
be damaged if suction to static line is applied or removed rapidly.

1. Refer to Figure 13-1.  Set altimeter to location elevation.

2. Connect a medical syringe, with plunger depressed, to static port tube via flexible 
tubing.

3. Slowly apply suction to static port by withdrawing syringe plunger until altimeter 
indicates 500 feet greater than location elevation (plunger will remain in place).

4. If altimeter indication drops more than 100 feet in one minute, an unacceptable leak is 
indicated.  Slowly release suction.  Locate and repair leak(s).  Retest after any repairs.

5. Remove test equipment.
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13.200  Primary Instruments

13.210  Vertical Speed Indicator

The vertical speed indicator indicates rate of ascent or descent.  Check vertical speed 
indicator for a zero-rate needle indication when rotorcraft is in a stationary hover.

13.220  Airspeed Indicator

The airspeed indicator displays airspeed in knots and miles per hour.  The airspeed indicator 
operates properly in forward flight only; backward or lateral flight will not indicate correct 
airspeed.  The airspeed indicator will indicate airspeeds up to a maximum of 102 knots 
(red line).

13.230  Engine and Rotor Dual Tachometer

CAUTION

Installation of electrical devices can affect accuracy and 
reliability of electronic tachometers.

An electronic engine and rotor dual tachometer is standard.  Engine tachometer signal is 
provided by magneto breaker points.  Rotor tachometer signal is provided by two magnetic 
senders at the main gearbox drive yoke.  Each tachometer is on a separate circuit with its 
own circuit breaker.  With battery and alternator switches off, the tachometers continue 
to receive power from the battery through a bypass circuit as long as the clutch actuator 
switch is in the engage position.

A. Adjustment

NOTE

Adjust rotor tachometer if engine and rotor tachometer needles 
are not within 1% of each other at 104% RPM.

1. Remove screws securing instrument face panel to upper console and carefully pull 
panel aft.

2. Run-up helicopter per R22 Pilot's Operating Handbook (POH) Section 6 at 104% 
engine tachometer indication.

3. Turn adjustment screw on back of tachometer (apply 1/8 turns) clockwise to 
increase and counterclockwise to decrease rotor tachometer indication.  Adjust 
rotor tachometer to indicate 104%.

4. Shutdown helicopter per POH Section 6.  Tighten screws securing instrument panel 
to upper console.

13.240  Altimeter

The sensitive altimeter provides altitude information relative to mean sea level when 
the barometric pressure correction scale is properly set.  Check altimeter calibration by 
setting correction scale to the current altimeter setting and checking the altimeter reading 
against field elevation; they must agree within 70 feet.
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13.250  Manifold Pressure Gage

The manifold pressure gage provides an indicator of absolute air pressure in the engine 
intake manifold.  The red line on the gage indicates the maximum manifold pressure that 
the rotorcraft is type certificated for at 104% rotor RPM.  The manifold pressure gage 
should indicate within 0.3 inches Hg of ambient barometric pressure when engine is not 
running.

A. Manifold Pressure System Leak Check

1. Disconnect A740-1 line assembly from engine fitting.

2. Connect a medical syringe, with plunger depressed, to line assembly fitting via 
flexible tubing.

3. Slowly apply suction to system by withdrawing syringe plunger until manifold 
pressure gage indicates 10 inches Hg (plunger will remain in place).

4. If manifold pressure gage indication rises more than one inch in one minute, an 
unacceptable leak is indicated.  Slowly release suction.  Locate and repair leak(s).  
Retest after any repairs.

5. Remove test equipment.

13.260  Magnetic Compass

An internally illuminated, wet-type compass is attached to the center bow between 
the windshields above the instrument panel.  A compass correction card is aft of the 
windshield above the pilot's seat.

13.300  Engine Gages

13.310  Ammeter

The ammeter indicates electrical system loads.  System load is measured at the shunt 
located on the lower-left side of the vertical firewall in the engine compartment.

13.320  Engine Oil Pressure Gage

The engine oil pressure gage indicates engine oil pressure and receives its signal from a 
variable-resistor-type sender located in left-hand forward corner of engine compartment 
next to hourmeter pressure switch.

13.330  Engine Oil Temperature Gage

The engine oil temperature gage indicates engine oil temperature and receives its signal 
from a probe mounted in engine oil pressure screen housing or oil filter adapter.

13.340  Cylinder Head Temperature Gage

The cylinder head temperature gage indicates the temperature of the #4 cylinder and 
receives its signal from a thermocouple installed in the #4 cylinder head.



13.350  Fuel Quantity Gages

The fuel quantity gages indicate the fuel level of main and aux (if installed) fuel tanks and 
receive signals from variable resistance type senders mounted on the bottom of each tank.

13.360  Carburetor Air Temperature Gage

The carburetor air temperature gage is used to determine when carburetor heat is required 
during possible carburetor icing conditions, such as high humidity.  Apply heat as required 
to keep needle out of yellow band.  The carburetor air temperature gage should read 
approximately the same as the OAT gage when engine is cold.

13.400  Additional Standard Indicating Equipment

13.410  Clock

A manually set electric analog clock is standard equipment.

13.420  Outside Air Temperature (OAT) Gage/Voltmeter

NOTE

No cutting or splicing of OAT probe wires is permitted.

The outside air temperature indicator has a stainless steel probe protruding from chin of 
rotorcraft and is connected to gage by a calibrated length of cable.

13.430  Hourmeter

An hourmeter actuated by engine oil pressure is located on the ledge just forward of the 
pilot’s seat.
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FIGURE 13-2  SIX-INSTRUMENT CONSOLE WITH ASPEN PFD – TYPICAL
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13.500  Optional Equipment

13.510  Aspen PFD Installation

Refer to R22 Illustrated Parts Catalog Figures 13-47 and 13-49.

A. Description

The Aspen PFD (Primary Flight Display) is an LCD unit with displays for attitude, 
altitude, airspeed, heading, and optional NAV (HSI/CDI).  The Aspen PFD is a situational 
awareness aid, to be used in conjunction with required VFR instruments (altimeter, 
airspeed indicator, and magnetic compass).

The standard Aspen PFD installation configures the lower half of the display as a 
directional gyro.  An optional installation configures the lower half of the display to a 
Horizontal Situation Indicator (HSI).

B. Schematic

Refer to Figure 14-42 for C800-1 Aspen PFD electrical schematic.

C. Removal

1. Turn battery switch off and pull-out EFIS circuit breaker (7.5 amp) at panel.

2. Gently depress blue tab at top of Aspen PFD to release display from mounting 
bracket.

3. Disconnect pitot and static lines from display using quick-disconnect couplers.  
Temporarily cap pitot and static line fittings at display and in aircraft to prevent 
contamination.

4. Loosen screws securing airframe wiring harness connector to display, unplug 
connector, and remove display.

D. Installation

1. Turn battery switch off and pull-out EFIS circuit breaker (7.5 amp) at panel.

2. Plug airframe wiring harness connector into Aspen PFD display and tighten screws.  
Verify security.

3. Remove temporary fitting caps and connect pitot and static lines to display using 
quick-disconnect couplers.

4. Insert display into mounting bracket until blue tab snaps into place.  Verify security.

5. Push-in EFIS circuit breaker (7.5 amp) at panel.  Turn battery & avionics switches on.

6. Perform appropriate functional checks per Aspen EFD1000H PFD Pilot's Guide.  
Turn battery and avionics switches off.

7. Perform pitot-static leak check.
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13.510  Aspen PFD Installation (continued)

E. Antenna

Refer to Section 14.700 for antenna locations and R22 Illustrated Parts Catalog (IPC) 
Chapter 6.

NOTE

Do not use magnetized tools.

Removal

1. Turn battery switch off and pull-out EFIS circuit breaker (7.5 amp) at panel.

2. Using plastic scraper, remove B270-1 sealant from around EFIS antenna at corners 
where it attaches to tailcone.

3. Cut and discard ty-raps as required and disconnect antenna cable at connectors 
(secured to frame).  Remove screws securing antenna and antenna ground wire to 
tailcone and remove antenna.

Installation

1. Turn battery switch off and pull-out EFIS circuit breaker (7.5 amp) at panel.

2. Remove paint and primer from antenna and antenna ground wire mating surfaces 
to ensure electrical ground.

3. Install screws securing antenna and antenna ground wire to tailcone.  Verify 
security.

4. Apply small bead B270-1 sealant (0.1 inch max in height) around antenna at corners 
where it attaches to tailcone and allow to dry.

5. Connect antenna cable to antenna at connectors; secure to frame using ty-raps.  
Verify security.

6. Perform ground checks per Part D steps 5 and 6.

F. Scheduled Maintenance and Inspections

The internal battery must be tested for proper operation every 12 months.  No 
calibration is necessary.  Other maintenance is on condition.  Contact Aspen Avionics 
at www.aspenavionics.com for instructions for continued airworthiness.
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13.510  Aspen PFD Installation (continued)

G. Special Maintenance and Inspections

1. Turn battery and avionics switches off.  Open circuit breaker panel and upper 
console.

2. Inspect condition of and verify no obvious damage to Aspen displays, pitot-static 
lines, metal braiding, copper bus bars, circuit breaker, and wiring.  Verify no 
loose, chafed, or broken wires or terminals.  Verify no evidence of arcing.  Verify 
equipment security.

3. Secure circuit breaker panel and upper console.  Perform ground checks per Part D 
steps 5 and 6.

13.600  Instrument Markings

See R22 Pilot’s Operating Handbook (POH) Section 2 for instrument markings.

13.700  Troubleshooting

Vertical Speed Indicator Climb indication with no return to 
zero in level flight.No Indication Erratic Indication

•	 Defective indicator. •	 Water in static system. •	 Blockage in the static line.

•	 Defective indicator.

Airspeed Indicator
No Indication Erratic Indication

•	 Blockage of pitot tube. •	 Loose pitot or static line connection.

•	 Disconnected pitot tube. •	 Broken pitot line.

•	 Kinks (bends) in pitot line 
under upper console.

•	 Water in pitot-static system.

•	 Defective instrument.
•	 Defective indicator.

Altimeter
No Indication Erratic Indication

•	 Blockage in static line. •	 Water in static line.

•	 Defective instrument.
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CHAPTER 14

ELECTRICAL AND AVIONICS SYSTEMS

14.000  Electrical and Avionics Systems

14.001  Introduction

This section contains information for correcting difficulties that may arise in the electrical 
system.  It includes a general description and function of the components in the system 
along with some test and adjustment procedures.

14.002 Description

The electrical system includes a 14-volt, 60 ampere alternator (standard, 70 ampere 
optional), battery relay, alternator control unit and 14-volt battery.

The battery is in a fiberglass container normally located on the lower left steel tube  
frame.  An optional location is in the nose under the upper console.  Some R22 HP models 
may have the battery in the left-seat baggage compartment.

Circuit breakers are located on the ledge just forward of the forward left seat.  The 
breakers are marked to indicate their function and amperage and are of the push-to-reset 
type.

The master battery switch, located on the console, controls the battery relay which 
disconnects the battery from all circuits except the tachometer and the clock.  The  
tachometer and clock receive power directly from the battery via a Clutch switch terminal.

The alternator control unit (ACU) senses system voltage at the ammeter shunt via a 
remote sense wire.  The ACU has three functions: it regulates alternator output voltage 
to maintain a battery voltage of 13.4–13.9 volts, warns of low-voltage by illuminating 
the ALT warning light if voltage decreases to 12.55–12.95 volts, and protects against 
over-voltage by shutting off alternator field if voltage increases to 15.75–16.25 volts.

The clutch actuator circuit incorporates a low-amperage fuse, in addition to its circuit 
breaker, to prevent a motor overload from tripping the circuit breaker and turning off the 
clutch light prematurely.

The lighting system includes the anti-collision light, navigation lights, landing lights, post 
and internal lights for the instruments and an overhead map light.  Landing lights are wired 
through the clutch switch, turning the lights off when the clutch switch is disengaged.  
Warning lights on the instrument panel include clutch, low oil pressure, low fuel, main 
rotor and tail rotor gearbox chip lights, main rotor gearbox over-temp, low rotor RPM 
light, low voltage, rotor brake (if installed), governor off and starter on.

The gage cluster includes an ammeter and oil pressure, oil temperature, cylinder head 
temperature, and main and auxiliary fuel quantity gages.  Included on the gages circuit 
are the carburetor air temperature and outside air temperature gages.  The map light is 
also on the gages circuit as a “back-up” in the event of a short and failure of the lighting 
circuit.
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14.002  Description (continued)

The tachometer is an electronic engine and rotor dual tachometer.  The sensor for the 
engine tach is breaker points in the magneto on the left side of the helicopter.  A Hall 
Effect sensor for the rotor tachometer senses the passage of two magnets on the main 
rotor gearbox input yoke.  The signals from these sensors are conditioned by solid state 
circuits inside the dual tachometer.  Each tachometer circuit has a separate circuit breaker 
and is completely independent of the other.  They can be powered by either the alternator 
or the battery and receive current from two redundant sources.  Power to the tachometer 
is interrupted only when the master battery and alternator switches are off and the clutch 
switch is disengaged.

CAUTION

The installation of electrical devices can affect the accuracy and 
reliability of the electronic tachometer; therefore, no electrical 
equipment may be installed in the R22 helicopter unless that 
particular installation is specifically approved by the factory.

14.100  Dual Tachometer Adjustment

1. The early model A792-1 Dual Tachometer is pre-set at the factory and is not adjustable 
in the field.  For repair or adjustment, the unit must be returned to Robinson Helicopter.  
(No adjustment screw on early models.)

2. The A792-2 Dual Tachometer is pre-set at the factory.  Slight variations between rotorcraft 
may require readjustment of rotor side of tachometer.  To adjust tachometer:

a. Remove screws that fasten instrument face panel to upper console and carefully pull 
panel aft.

b. Ground run helicopter at 104% indication on the engine tachometer.  Adjust the 
rotor tachometer to read 104%.  On back of tachometer, turn the adjustment screw 
clockwise to increase and counter-clockwise to decrease rotor tachometer indication 
(1/8 turn changes indication approximate 1%).

c. Reinstall instrument panel.

d. If tachometer cannot be adjusted, replace or return to Robinson Helicopter Company 
for repair.























14.500  Electrical Load Analysis

To calculate the total electrical load for a specific helicopter, identify all items of equipment 
installed on the helicopter from the table below and sum the corresponding continuous and 
intermittent loads.

Maximum continuous alternator load is given in the table below:

System Voltage Alternator Rating Maximum Continuous Load
14V 60 amp 54 amps

Intermittent loads are provided for reference.

Alternately, the electrical load may be measured directly at the battery output terminal with 
the alternator switched off and all other equipment turned on.  The measured load may be 
scaled by the ratio of battery voltage to nominal system voltage to obtain a value that is 
compared with the alternator load limit.

WARNING

Field (non-factory) installation of electronic equipment can 
be hazardous.  Due to the compactness of the console and 
tunnel containing the controls and wire bundles, installation 
of any additional wires can interfere with flight controls.  
Electronic tachometers, warning systems, and navigation 
equipment essential to flight are sensitive to interference from 
other electrical devices.  The reliability and accuracy of the 
tachometers is essential for safe operation of the helicopter, 
and installation of an electrical device not tested and approved 
by RHC may result in a hazardous condition.

EQUIPMENT QTY CONTINUOUS 
AMPS EACH

INTERMITTENT 
AMPS EACH

CONTINUOUS 
TOTAL

INTERMITTENT 
TOTAL

MAIN BUS

ESSEX BATTERY RELAY 1 0.75 0.75 0.75 0.75
KISSLING BATTERY RELAY 1 0.35 0.35 0.35 0.35
ALTERNATOR FIELD 1 2.40 2.40 2.40 2.40
AVIONICS RELAY 1 0.13 0.13 0.13 0.13
ENGINE GAGE CLUSTER 1 0.60 0.60 0.60 0.60
HOURMETER 1 0.03 0.03 0.03 0.03
CARB AIR TEMP 1 0.13 0.13 0.13 0.13
AMMETER 1 0.50 0.50 0.50 0.50
DIGITAL OAT GAGE 1 0.15 0.15 0.15 0.15
MAP LIGHT 1 0.00 0.58 0.00 0.58
WARNING LIGHTS 8 0.00 0.08 0.00 0.64
FULL THROTTLE CAUTION LIGHT 1 0.00 0.08 0.00 0.08
RPM GOVERNOR MOTOR 1 0.00 1.50 0.00 1.50
BELT TENSION ACTUATOR 1 0.00 1.20 0.00 1.20
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14.500  Electrical Load Analysis (continued)

EQUIPMENT QTY CONTINUOUS 
AMPS EACH

INTERMITTENT 
AMPS EACH

CONTINUOUS 
TOTAL

INTERMITTENT 
TOTAL

MAIN BUS (continued)

AUX POWER PLUG (MAX) 1 10.00 10.00 10.00 10.00
HEATER BLOWER 1 7.50 7.50 7.50 7.50

EQUIPMENT QTY CONTINUOUS 
AMPS EACH

INTERMITTENT 
AMPS EACH

CONTINUOUS 
TOTAL

INTERMITTENT 
TOTAL

TACH BUS

DUAL TACHOMETER (E) 1 0.10 0.10 0.10 0.10
DUAL TACHOMETER (R) 1 0.10 0.10 0.10 0.10

EQUIPMENT QTY CONTINUOUS 
AMPS EACH

INTERMITTENT 
AMPS EACH

CONTINUOUS 
TOTAL

INTERMITTENT 
TOTAL

LIGHTS BUS

POSITION LIGHTS (L, R, & AFT, 
INCANDESCENT) 3 2.20 2.20 6.60 6.60

POSITION LIGHTS (L & R, LED) 2 0.25 0.25 0.50 0.50
POSITION LIGHT (AFT, LED) 1 0.30 0.30 0.30 0.30
OVERHEAD PANEL LIGHT 1 1.00 1.00 1.00 1.00
POST LIGHTS 7 0.08 0.08 0.56 0.56
INSTRUMENT LIGHTS 4 0.20 0.20 0.80 0.80
LANDING LIGHT RELAY 1 0.20 0.20 0.20 0.20
LANDING LIGHTS 
(INCANDESCENT) 2 7.70 7.70 15.40 15.40

LANDING LIGHTS (HID) 2 2.90 9.52 5.80 19.04
ANTI-COLLISION LIGHT & 
POWER SUPPLY 1 3.20 3.20 3.20 3.20

ANTI-COLLISION LIGHT (LED) 1 0.90 4.00 0.90 4.00

EQUIPMENT QTY CONTINUOUS 
AMPS EACH

INTERMITTENT 
AMPS EACH

CONTINUOUS 
TOTAL

INTERMITTENT 
TOTAL

AVIONICS

KY197A COM 1 0.80 5.20 0.80 5.20
GTR225B COM 1 0.59 5.31 0.59 5.31
GNS430 COM/NAV/GPS 1 2.44 8.40 2.44 8.40
GTN650 COM/NAV/GPS 1 2.65 6.97 2.65 6.97
KX155 OR KX165 NAV/COM 1 0.70 8.50 0.70 8.50
KR87 ADF 1 1.24 1.24 1.24 1.24

Page 14.11A Chapter 14  Electrical and Avionics Systems OCT 2014



14.500  Electrical Load Analysis (continued)

EQUIPMENT QTY CONTINUOUS 
AMPS EACH

INTERMITTENT 
AMPS EACH

CONTINUOUS 
TOTAL

INTERMITTENT 
TOTAL

AVIONICS (continued)

KN63 DME 1 1.21 1.21 1.21 1.21
GARMIN TRANSPONDER 1 1.10 3.10 1.10 3.10
GARMIN RADIO NAVIGATION 
INDICATOR 1 0.41 0.41 0.41 0.41

KING RADIO NAVIGATION 
INDICATOR 1 0.08 0.08 0.08 0.08

MARKER BEACON 1 0.50 0.50 0.50 0.50
KCS55A HSI 1 3.23 3.23 3.23 3.23
RADAR ALTIMETER 1 1.45 1.45 1.45 1.45
AA12S AUDIO CONTROL 1 1.00 1.00 1.00 1.00
GMA 350H AUDIO CONTROL 1 0.80 1.50 0.80 1.50
ASPEN 1000H EFD 1 4.80 4.80 4.80 4.80
ATTITUDE HORIZON 
(MECHANICAL) 1 0.54 1.40 0.54 1.40

ATTITUDE HORIZON (LCD) 1 0.20 0.20 0.20 0.20
TURN COORDINATOR 1 0.70 0.70 0.70 0.70
DIRECTIONAL GYRO 1 0.44 1.40 0.44 1.40
PA/SIREN CONTROL 1 0.05 0.05 0.05 0.05
PA/SIREN SPEAKER 1 7.70 7.70 7.70 7.70
ICOM IC-M412 MARINE 
TRANSCIEVER 1 1.50 5.50 1.50 5.50

KENWOOD TK-7160 OR TK8160 
FM TRANSCIEVER 1 1.00 8.00 1.00 8.00

KENWOOD TK-7180 OR TK8180 
FM TRANSCIEVER 1 1.00 9.00 1.00 9.00

YAESU FT-8800R FM 
TRANSCIEVER 1 0.50 8.00 0.50 8.00

VERTEX VX-2200 FM 
TRANSCIEVER 1 2.50 11.00 2.50 11.00

EQUIPMENT QTY CONTINUOUS 
AMPS EACH

INTERMITTENT 
AMPS EACH

CONTINUOUS 
TOTAL

INTERMITTENT 
TOTAL

OTHER EQUIPMENT

STARTER RELAY 1 0.00 15.00 0.00 15.00
STARTING VIBRATOR 1 0.00 2.50 0.00 2.50
STARTER MOTOR 1 0.00 200.00 0.00 200.00
CLOCK, STANDARD 1 0.02 0.02 0.02 0.02
CLOCK, DIGITAL 1 0.00 0.00 0.00 0.00
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FIGURE 14-1  ELECTRICAL SYSTEM SCHEMATIC (S/N 0001 thru 0077)
(Impulse coupling ignition; 9/21/79 thru 12/1/80)
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NO. ANTENNA PART NO.

1 NAV . . . . . . . . . . . . . . . . . . . CI 259

NAV . . . . . . . . . . . . . . . . . . . CI 259E (W/DIPLEXER)

2 RH Belly VHF . . . . . . . . . . . . . CI 292-3

RH Belly UHF . . . . . . . . . . . . . CI 177-20

RH Belly UHF . . . . . . . . . . . . . CI 273 OR CI 271

RH Belly COM . . . . . . . . . . . . CI 122

RH Belly UHF . . . . . . . . . . . . . CI 272-1

3 LH Belly VHF . . . . . . . . . . . . . CI 292-3

LH Belly UHF . . . . . . . . . . . . . CI 177-20

LH Belly UHF . . . . . . . . . . . . . CI 273 OR CI 271

4 Marker Beacon . . . . . . . . . . . . CI 102

5 Transponder . . . . . . . . . . . . . CI 105-16 OR KA60, FWD

Transponder . . . . . . . . . . . . . CI 105-16 OR KA60, AFT

DME . . . . . . . . . . . . . . . . . . . CI 105-16 OR KA60

FIGURE 14-7  ANTENNA LOCATIONS

14.700  Antenna Locations

NO. ANTENNA PART NO.

6 ADF . . . . . . . . . . . . . . . . . . . KA44B

7 Cowling GPS . . . . . . . . . . . . . GA 29F

8 Fwd Tailcone COM . . . . . . . . CI 121 or CI 248-5

Fwd Tailcone GPS/COM . . . . . CI 2480-201

Fwd Tailcone GPS/COM . . . . . CI 2580-200

9 RMS/GPS . . . . . . . . . . . . . . . 910-00003-001

10 Aft Tailcone COM . . . . . . . . . CI 121 or CI 248-5

Aft Tailcone GPS/COM . . . . . . CI 2480-201

Aft Tailcone GPS/COM . . . . . . CI 2580-200



Intentionally Blank
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FIGURE 14-39  R22 ELECTRICAL SYSTEM INSTALLATION
(A024 Revision BL shown)
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14.1200  Avionics for R22 Helicopter S/N 4591, 4650, 4651, 4656 & Subsequent

14.1210  A024-9 Electrical System Installation

A. Description of New Features

1. Main Switch Panel

The main switch panel is located at the top of the avionics stack.  Rocker-style 
switches are utilized for ergonomic comfort for this new location, and for the new 
console geometry (earlier R22s utilized paddle-style switches).  The clutch actuator 
and ignition switches have been relocated to the upper console, away from the 
main switch panel vicinity.  These switches are used less frequently during flight, 
and it is beneficial to locate them near the engine instruments.  Some secondary 
instruments such as OAT and clock are also relocated.

2. Avionics Switch

An avionics switch is located on the main switch panel near the battery and 
alternator switches.  A dedicated on-off switch can be desirable for a variety of 
operations, and some manufacturer's recommend their equipment be installed with 
an avionics switch (earlier R22s have an avionics bus, but the master radio relay 
interrupted power to the avionics bus during start-up, which eliminated the need 
for a switch).  The avionics switch controls a relay which interrupts power to the 
avionics bus (system is fail-safe ON).

B. Schematic

Refer to Figure 14-39 for A024-9 electrical system schematic.

14.1220  A036-9 Electrical Components Installation

A. Description of New Features

1. Interior Lighting

A fixed overhead LED-lamp at the top of the windshield illuminates the instrument 
panel (earlier R22s used individual post lights to illuminate instruments).  Panel 
lighting is activated by the NAV lights switch and brightness is adjusted by a 
dimmer knob on the console.

a. LED-lamp replacement

i. Remove hardware securing G196-6 light assembly to windshield stiffener.  
Remove two cap screws securing cover and LED-lamp assembly to housing.  
Disconnect lamp wires from airframe harness and remove lamp.

ii. Connect A238-2289 (white) airframe harness wire to LED-lamp assembly 
red wire, and A238-2290 airframe harness wire to lamp black wire.  Install 
cover (chamfer facing away from housing) and install two cap screws.  Install 
hardware securing G196-6 light assembly to windshield stiffener.  Verify 
security.

iii. Turn battery switch and NAV lights switch on and verify proper operation 
with dimmer knob.  Turn battery switch and NAV lights switch off.
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FIGURE 14-40  FULL THROTTLE CAUTION LIGHT RIGGING CHECK
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14.1220  A036-9 Electrical Components Installation (continued)

A. Description of New Features (continued)

2. Full Throttle Caution (Amber) Light

The full throttle light is located near the manifold pressure gage and indicates 
near full throttle operation.  At full throttle operation, the pilot must control RPM 
with the collective to avoid a low RPM situation (at lower throttle settings, RPM 
is maintained by the mechanical correlator and engine governor).  The low RPM 
warning system indicates when RPM is below normal values, but the full throttle 
light can alert the pilot to reduce power demand before a low RPM situation is 
encountered.

a. Rigging Check

i. Turn fuel shut-off valve off.

ii. Turn battery switch on.  Raise collective full up and slowly rotate twist grip 
open until full throttle caution light just illuminates.

iii. Refer to Figure 14-40.  Verify gap from throttle stop to corner of throttle 
body full-throttle stop is 0.114–0.148 inch.  Adjust as required per step 2b.

iv. Lower collective & turn battery switch off.  Turn fuel shut-off valve on.

b. Switch Adjustment

i. Refer to Figure 14-40.  Raise collective full up, rotate (throttle) twist 
grip as required, loosen screw, and pivot A607-2 slotted cam (in throttle 
linkage, under co-pilot seat) so V3-1 switch activates when throttle stop 
is approximately 0.130 inch from corner of throttle body full-throttle stop.  
Tighten screw.

ii. Perform rigging check per step 2a.

B. Schematic

Refer to Figure 14-39 for A024-9 electrical system schematic.
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FIGURE 14-41  A804-12 TRANSPONDER SCHEMATIC (GARMIN GTX 330 ES)
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* One required on ships with Traffic Information System (TIS-A).



14.1230  A804-12 Transponder (Garmin GTX 330 ES) Installation

Refer to R22 Illustrated Parts Catalog (IPC) Figure 97-1.

NOTE

Refer to Garmin GTX 330 ES Maintenance Manual and 
Instructions for Continued Airworthiness.

A. Description of New Features

Automatic Dependent Surveillance-Broadcast (ADS-B) "Out" equipment transmits aircraft 
specific-data and position information to air traffic control via GPS-based surveillance 
(rather than radar-based surveillance).  ADS-B Out equipment will be required for R22 
operation in certain airspace in the United States after January 1, 2020.

ADS-B Out system operates mostly automatically.  ADS-B Out equipment is programmed 
with aircraft-specific data at installation.  ADS-B Out system uses the primary installed 
GPS for position information.  Additional flight-specific data is entered by the pilot 
using transponder controls.  ADS-B data is transmitted via the transponder's Extended 
Squitter (ES) on frequency 1090 MHz.

ADS-B Out equipment (transponder and primary GPS) must have power and must be 
in normal operating modes for systems to function properly.  ADS-B Out system faults 
are annunciated on the transponder and primary GPS screens.

Change of aircraft registration may require ADS-B equipment programming by qualified 
maintenance personnel.

Refer to R22 Pilot's Operating Handbook Section 9 for additional information.

B. Schematic

Refer to Figure 14-41 for A804-12 transponder & blind encoder electrical schematic.

C. Removal

1. Turn battery switch off and pull out XPDR circuit breaker (5 amp) at panel.

2. Loosen radio key securing A804-12 transponder to avionics tray.

3. Carefully unplug/remove transponder from tray.

D. Installation

1. Turn battery switch off and pull out XPDR circuit breaker (5 amp) at panel.

2. Carefully plug-in/install A804-12 transponder in appropriate location in avionics tray.

3. Tighten radio key securing transponder to tray.  Verify equipment security.

4. Push in XPDR circuit breaker (5 amp) at panel.  Turn battery & avionics switches on.

5. Perform appropriate functional checks per Garmin GTX 330 ES Pilot's Guide.  Turn 
battery and avionics switches off.
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14.1230  A804-12 Transponder (Garmin GTX 330 ES) Installation (continued)

E. Antenna

Refer to Section 14.700 for antenna locations and R22 Illustrated Parts Catalog (IPC) 
Chapter 6.

NOTE

Antenna installation depends on optional equipment installed.

Removal

1. Turn battery switch off and pull out XPDR circuit breaker (5 amp) at panel.

2. Using plastic scraper, remove B270-1 sealant from around transponder antenna at 
corners where it attaches to A794-2 panel.

3. Remove screws securing panel to cabin skin and disconnect antenna cable from 
antenna.  Remove hardware securing antenna and ground wire to panel and remove 
antenna.

Installation

1. Turn battery switch off and pull out XPDR circuit breaker (5 amp) at panel.

2. Remove paint and primer from A794-2 panel where ground wire attaches to ensure 
electrical ground.

3. Install hardware securing transponder antenna and ground wire to panel.  Verify 
security.  Connect antenna cable to antenna and install screws securing panel to 
cabin skin.  Verify security. 

4. Apply small bead B270-1 sealant (0.1 inch max in height) around antenna at corners 
where it attaches to panel and allow to dry.

5. Perform ground checks per Part D steps 4 and 5.

F. Scheduled Maintenance and Inspections

Every 100 hour or annual inspection, determine software and database versions and 
update per Garmin GTX 330 ES Pilot's Guide as required.

NOTE

Garmin requires database information be updated regularly to 
ensure information is current.
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14.1230  A804-12 Transponder (Garmin GTX 330 ES) Installation (continued)

G. Special Maintenance and Inspections

1. Turn battery and avionics switches off.  Open circuit breaker panel and upper 
console.

2. Inspect condition of and verify no obvious damage to transponder, radio tray, 
copper bus bars, circuit breaker, and wiring.  Verify no loose, chafed, or broken 
wires or terminals.  Verify no evidence of arcing.  Verify equipment security.

3. Secure circuit breaker panel and upper console.  Perform ground checks per Part D 
steps 4 and 5.
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FIGURE 14-42  C800-1 ASPEN PFD ELECTRICAL SCHEMATIC
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14.1240  C058-5 Cyclic Grip Assembly

Refer to R22 Illustrated Parts Catalog (IPC) Figures 67-1 and 67-7.

A. Description of New Features

The angle of the pilot’s cyclic grip can be adjusted fore and aft relative to the cross 
tube for pilot comfort.  The most forward position provides the most control clearance 
at aft cyclic.  Pilot’s should always verify full control travel prior to flight.

B. Grip Angle Adjustment

1. Loosen cap screws securing pilot's cyclic grip, block assembly, and bar to grip 
weldment.

2. Rotate grip about weldment to desired angle.  Special torque cap screws to 40 in.-lb.

C. Removal and Installation

Refer to Sections 8.121 and 8.122 for cyclic grip assembly removal and installation 
procedures.

D. Schematic

Refer to Figure 14-39 for A024-9 electrical system schematic. 

14.1250  C800-1 Aspen PFD Installation

Refer to Section 13.510 for description of Aspen PFD Installation.

A. Schematic

Refer to Figure 14-42 for C800-1 Aspen PFD Installation electrical schematic.
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FIGURE 14-43  C802-2 COM RADIO SCHEMATIC (GARMIN GTR 225B)
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14.1260  C802-2 COM Radio (Garmin GTR 225B) Installation

Refer to R22 Illustrated Parts Catalog (IPC) Figure 97-1.

A. Description of New Features

The new C802-2 COM radio (Garmin GTR 225B) includes similar communication 
features available in the earlier R22 COM radio (King KY197A), but also includes an 
airport frequency database, ability to monitor the standby frequency, and improved 
user memory channel functionality.  The new COM radio is a dual voltage unit, suitable 
for use in 14V and 28V systems.

B. Schematic

Refer to Figure 14-43 for C802-2 COM Radio Installation electrical schematic.

C. Removal

1. Turn battery switch off and pull-out COM radio circuit breaker (10 amp) at panel.

2. Loosen radio key securing C802-2 COM radio to avionics tray.

3. Carefully unplug/remove radio from tray.

D. Installation

1. Turn battery switch off and pull-out COM radio circuit breaker (10 amp) at panel.

2. Carefully plug-in/install C802-2 COM radio in appropriate location in avionics tray.

3. Tighten radio key securing radio to tray.  Verify equipment security.

4. Push-in COM radio circuit breaker (10 amp) at panel.  Turn battery and avionics 
switches on.

5. Perform appropriate functional checks per Garmin GTR 225B Pilot's Guide.  Turn 
battery and avionics switches off.

E. Antenna

Refer to Section 14.700 for antenna locations and R22 Illustrated Parts Catalog (IPC) 
Chapter 6.

NOTE

Antenna installation depends on number of COM installations 
and additional equipment installed.

OCT 2014 Chapter 14  Electrical and Avionics Systems Page 14.77



14.1260  C802-2 COM Radio (Garmin GTR 225B) Installation (continued)

E. Antenna (continued)

Removal

1. Turn battery switch off and pull out COM radio circuit breaker (10 amp) at panel.

2. Using plastic scraper, remove B270-1 sealant from around COM antenna at corners 
where it attaches to tailcone.

3. Disconnect antenna cable from antenna.  As required, remove B270-13 sealant 
from fastener holes.  Remove screws securing antenna to tailcone and remove 
antenna.

Installation

1. Turn battery switch off and pull out COM radio circuit breaker (10 amp) at panel.

2. Remove paint and primer from antenna mating surfaces to ensure electrical ground.

3. As required, apply light coat B270-13 sealant to screw threads and install screws 
securing antenna to tailcone.  As required, seal around screw heads and fill fastener 
holes using B270-13 sealant and allow to dry.  Verify security.

4. Apply small bead B270-1 sealant (0.1 inch max in height) around antenna at corners 
where it attaches to tailcone and allow to dry.

5. Connect antenna cable to antenna.  Verify security.

6. Perform ground checks per Part D steps 4 and 5.

F. Scheduled Maintenance and Inspections

Every 100 hour or annual inspection, determine software and database versions and 
update per Garmin GTR 225B Pilot's Guide as required.

NOTE

Garmin requires database information be updated regularly to 
ensure information is current.

G. Special Maintenance and Inspections

1. Turn battery and avionics switches off.  Open circuit breaker panel and upper 
console.

2. Inspect condition of and verify no obvious damage to COM radio, radio tray, copper 
bus bars, circuit breaker, and wiring.  Verify no loose, chafed, or broken wires or 
terminals.  Verify no evidence of arcing.  Verify equipment security.

3. Secure circuit breaker panel and upper console.  Perform ground checks per Part D 
steps 4 and 5.
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FIGURE 14-44  C822-1 AUDIO CONTROL SCHEMATIC (GARMIN GMA 350H)
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14.1270  C822-1 Audio Control (Garmin GMA 350H) Installation

Refer to R22 Illustrated Parts Catalog (IPC) Figure 97-1.

NOTE

Refer to Garmin GMA 350H series Maintenance Manual and 
Instructions for Continued Airworthiness.

A. Description of New Features

The Garmin GMA 350H new audio control includes improved squelch and background 
noise suppression, 3D audio (if stereo headsets are used) which allows inputs from 
separate radios to sound as if they are coming from separate locations around the 
listener, and some control functions via voice command when a momentary push-
button switch is depressed on the pilot's cyclic grip.

B. Schematic

Refer to Figure 14-44 for C822-1 Audio Control Installation electrical schematic.

C. Removal

1. Turn battery switch off and pull out AUDIO PANEL circuit breaker (5 amp) at panel.

2. Loosen radio key securing Garmin GMA 350H audio control to avionics tray.

3. Carefully unplug/remove audio control from tray.

D. Installation

1. Turn battery switch off and pull out AUDIO PANEL circuit breaker (5 amp) at panel.

2. Carefully plug-in/install Garmin GMA 350H audio control in appropriate location in 
avionics tray.

3. Tighten radio key securing audio control to tray.  Verify equipment security.

4. Push in AUDIO PANEL circuit breaker (5 amp) at panel.  Turn battery & avionics 
switches on.

5. Perform appropriate functional checks per Garmin GMA 350H series Pilot's Guide.  
Turn battery & avionics switches off.
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14.1270  C822-1 Audio Control (Garmin GMA 350H) Installation (continued)

E. Antenna

Refer to Section 14.700 for marker beacon antenna location and R22 Illustrated Parts 
Catalog (IPC) Chapter 6.

Removal

1. Turn battery switch off and pull out AUDIO PANEL circuit breaker (5 amp) at panel.

2. Using plastic scraper, remove B270-1 sealant from around CI 102 marker beacon 
antenna at corners where it attaches to A794-2 panel.

3. Remove hardware securing panel to belly and disconnect A850-210 antenna cable 
from antenna.  Carefully remove screws (they are installed with threadlocker) 
securing antenna to panel and remove antenna.

Installation

1. Turn battery switch off and pull out AUDIO PANEL circuit breaker (5 amp) at panel.

2. Remove paint and primer from antenna mating surfaces to ensure electrical ground.

3. Apply light coat B270-11 adhesive to new screw threads and install screws securing 
CI 102 marker beacon antenna to A794-2 panel.  Verify security.

4. Connect A850-210 antenna cable to antenna.  Install screws securing forward 
belly panel to belly.  Verify security.

5. Apply small bead B270-1 sealant (0.1 inch max in height) around antenna at corners 
where it attaches to belly panel and allow to dry.

6. Perform ground checks per Part D steps 4 and 5.

F. Scheduled Maintenance and Inspections

On condition.

G. Special Maintenance and Inspections

1. Turn battery and avionics switches off.  Open circuit breaker panel and upper 
console.

2. Inspect condition of and verify no obvious damage to audio control, radio tray, 
copper bus bars, circuit breaker, and wiring.  Verify no loose, chafed, or broken 
wires or terminals.  Verify no evidence of arcing.  Verify equipment security.

3. Secure circuit breaker panel and upper console.  Perform ground checks per Part D 
steps 4 and 5.
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FIGURE 14-45  C831 GPS SCHEMATIC (GARMIN GTN 600 SERIES)
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14.1280  C831 GPS (Garmin GTN 600 series) Installation

Refer to R22 Illustrated Parts Catalog (IPC) Figure 97-5.

NOTE

Refer to Garmin GTN 600 series Maintenance Manual and 
Instructions for Continued Airworthiness.

A. Description of New Features

The new C831 GPS (Garmin GTN 600 series) includes similar navigation features 
available in the earlier R22 GPS (Garmin GNS 400 series), but the interface offers a 
combination of touch screen technology with traditional buttons and knobs.

One GTN 600 series GPS may be installed in the pilot-side console location only.

Note:  R22 ADS-B Out system requires Garmin GTN 600-series GPS.  Refer to Section 
14.1230.

B. Schematic

Refer to Figure 14-45 for C831 GPS (Garmin GTN 600 series) installation electrical 
schematic.

C. Removal

1. Turn battery switch off and pull out COM circuit breakers(s) (10 amp) and GPS 
circuit breaker(s) (7.5 amp) as required at panel.

2. Loosen radio key securing C831 GPS to tray in pilot's side console.

3. Carefully unplug/remove GPS from tray.

D. Installation

1. Turn battery switch off and pull out COM circuit breakers(s) (10 amp) and GPS 
circuit breaker(s) (7.5 amp) as required at panel.

2. Carefully plug-in/install C831 GPS in tray in pilot's side console.

3. Tighten radio key securing GPS to tray.  Verify equipment security.

4. Push in COM circuit breaker(s) (10 amp) and GPS circuit breaker(s) (7.5 amp) as 
required at panel.  Turn battery and avionics switches on.

5. Perform appropriate functional checks per Garmin GTN 600 series Pilot's Guide.  
Turn battery and avionics switches off.
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14.1280  C831 GPS (Garmin GTN 600 series) Installation (continued)

E. Antenna

Refer to Section 14.700 for antenna locations and R22 Illustrated Parts Catalog (IPC) 
Chapter 6.

NOTE

Antenna installation depends on number COM installations and 
additional equipment installed.

Removal

1. Turn battery switch off and pull out COM circuit breaker(s) (10 amp) and GPS 
circuit breaker(s) (7.5 amp) as required at panel.

2. Using plastic scraper, remove B270-1 sealant from around GPS antenna at corners 
where it attaches to tailcone.

3. Disconnect antenna cable from antenna.  As required, remove B270-13 sealant 
from fastener holes.  Remove screws securing antenna to tailcone and remove 
antenna.

Installation

1. Turn battery switch off and pull out COM circuit breaker(s) (10 amp) and GPS 
circuit breaker(s) (7.5 amp) as required at panel.

2. Remove paint and primer from antenna mating surfaces to ensure electrical ground.

3. As required, apply light coat B270-13 sealant to screw threads and install screws 
securing antenna to tailcone.  As required, seal around screw heads and fill fastener 
holes using B270-13 sealant and allow to dry.  Verify security.

4. Apply small bead B270-1 sealant (0.1 inch max in height) around antenna at corners 
where it attaches to tailcone and allow to dry.

5. Connect antenna cable to antenna.  Verify security.

6. Perform ground checks per Part D steps 4 and 5.

F. Scheduled Maintenance and Inspections

Every 100 hour or annual inspection, determine software and database versions and 
update per Garmin GTN 600 series Pilot's Guide as required.

NOTE

Garmin requires database information be updated regularly to 
ensure information is current.

Page 14.86 Chapter 14  Electrical and Avionics Systems OCT 2014



14.1280  C831 GPS (Garmin GTN 600 series) Installation (continued)

G. Special Maintenance and Inspections

1. Turn battery and avionics switches off.  Open circuit breaker panel.  Remove 
hardware securing pilot's side console shell assembly to tray and carefully pivot 
shell assembly upward (GPS and faceplate may be also be removed).

2. Inspect condition of and verify no obvious damage to GPS, tray, copper bus bars, 
circuit breaker, and wiring.  Verify no loose, chafed, or broken wires or terminals.  
Verify no evidence of arcing.  Verify equipment security.

3. Secure circuit breaker panel and pilot's side console.  Perform ground checks per 
Part D steps 4 and 5.
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CHAPTER 15

FURNISHINGS

15.000  Furnishings

15.001  Introduction

This section contains the procedures necessary for removal, installation, replacement and 
maintenance of interior furnishings.

15.002  Description

A baggage space is located under each seat and the seat bottom hinges up and forward 
for access.  Each seat is equipped with a combined seat belt and inertia reel shoulder 
strap.

15.100  Seat Belt

15.110  Seat Belt Removal

a) The inertia reel is held by four screws thru the vertical ‘V’ bulkhead into a plate and nut 
(rt. side); on the left permanently attached nutplates are used.  Remove the screws, 
retaining any loose hardware for later re-installation.

b) Remove the bolt holding each end of the lap portion of the seat belt.  Retain the bolt, 
spacers, washer and nut for later re-installation.

15.120  Seat Belt Installation

a) On the older-style shoulder straps, position the shoulder strap to extend from the 
inertia reel at the approximate front of the reel.

NOTE

The two mounting rings of the inertia reel can be rotated and 
repositioned to give proper shoulder strap position.

Viewed from above, the reel on the left side should rotate in a clockwise direction 
and the reel on the right side should rotate in a counter-clockwise direction.  On the 
newer-style shoulder strap assemblies, the inertia reel is mounted below a swivel ring 
to give proper shoulder strap position.  The two styles of shoulder strap assemblies 
are not interchangeable.
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CHAPTER 16

SPECIAL TOOLS

16.100  Special Tools

The following is a list of Robinson R22 special tools.

R22 special tools are to be used in conjunction with the applicable instructions for continued 
airworthiness, for their designated maintenance task.
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16.200  Illustrations and Tasks

1 MT016-1 Engine Hoist
REFER TO §§ 6.110 ENGINE REMOVAL & 6.120 ENGINE INSTALLATION

2 MT050-1 Main Rotor Rigging Fixture
REFER TO §§ 10.120 MAIN ROTOR & 10.122 COLLECTIVE TRAVEL RIGGING

3 MT050-2 Tail Rotor Rigging Fixture
REFER TO § 10.140 TAIL ROTOR RIGGING

4 MT053-1 Main Rotor Gearbox Drain Assembly – Thread-Type Chip Detector
REFER TO § 1.120 MAIN ROTOR GEARBOX DRAIN AND FLUSH

5 MT054-1 Main Rotor Gearbox Drain Assembly – Quick Disconnect Chip Detector
REFER TO § 1.120 MAIN ROTOR GEARBOX DRAIN AND FLUSH

6 MT068-1 Horizontal Stabilizer Rigging Tool
REFER TO § 4.325 HORIZONTAL STABILIZER REPLACEMENT

7 MT526-1 Main Rotor Blade Trim Tab Bender (stainless steel skin)
REFER TO § 10.233 MAIN ROTOR BLADE TRIM TAB ADJUSTMENT

MT526-8 Main Rotor Blade Trim Tab Bender (aluminum skin)
REFER TO § 10.233 MAIN ROTOR BLADE TRIM TAB ADJUSTMENT

8 MT091-1 Holder – Engine Ring Gear (Incl item 9)
VARIOUS

9 MT091-3 Decal (torquing instructions)

10 MT092-1 Fan Puller (Incl item 11)
REFER TO § 6.210 FANWHEEL REMOVAL

11 MT092-3 Spacer – Fan Puller
REFER TO § 6.210 FANWHEEL REMOVAL

12 MT122-1 Main Rotor Hub, Bolt Elongation (teeter hinges & A154-1 hub coning hinges)
REFER TO § 9.110 MAIN ROTOR BLADES

MT122-15 Main Rotor Hub, Bolt Elongation (B370-1 hub coning hinges)
REFER TO § 9.110 MAIN ROTOR BLADES

MT200-1 Dial Indicator
VARIOUS

13 MT146-1 Blocks – Swashplate Rigging (set of 2)
REFER TO § 10.112 SWASHPLATE

14 MT147-1 Bleed Tool – Main Rotor Blade Spindle
REFER TO §§ 9.115 FILLING ROOT FITTING AND 7.214 CLUTCH ASSEMBLY LUBRICANT INSPECTION AND SERVICING

15 MT173-5 Torque Wrench Extension – Tool Set (no longer available)
VARIOUS

16 MT173-6 Tube Weldment (no longer available)

17 9HT4441 Extension Bar (3/4 square drive x 8 inch)

18 MT173-7 Socket – 1-1/2-inch (3/4-inch drive, 12-point)

19 MT173-4 Socket – 1-11/16-inch (3/4-inch drive, 12-point)

20 MT173-8 Socket – 2-inch (3/4-inch drive, 12-point)
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16.200  Illustrations and Tasks (continued)

21 MT201-1 Pressing Fixture – Tail Rotor Hub Bearing
REFER TO § 9.214 TAIL ROTOR HUB SPHERICAL BEARING REPLACEMENT

22 MT227-1 Pressing Tool – A184 Bearing
REFER TO §§ 7.211 A184 BEARING REMOVAL & 7.212 A184 BEARING INSTALLATION

23 60297-16 Engine Operator’s Manual (O-320 engine)

24 60297-12 Engine Operator’s Manual (O-360 engine)

25 MT234-1 Helicopter Lifting Fixture
REFER TO § 1.220 JACKING, HOISTING, AND LEVELING

26 MT260-6 Tail Rotor Drive Shaft Runout Tool
REFER TO § 7.340 CHECKING TAIL ROTOR DRIVE SHAFT RUNOUT

27 MT295-1 Tail Rotor Gearbox Output Shaft Seal Replacement Tools (Incl items 28 thru 31)
REFER TO § 7.450 A021 TAIL ROTOR GEARBOX OUTPUT SHAFT SEAL REPLACEMENT

28 92470A113 Screw (#4 X 0.75 inch)
REFER TO § 7.450 A021 TAIL ROTOR GEARBOX OUTPUT SHAFT SEAL REPLACEMENT

29 MT295-10 Mandrel
REFER TO § 7.450 A021 TAIL ROTOR GEARBOX OUTPUT SHAFT SEAL REPLACEMENT

30 MT295-3 Punch
REFER TO § 7.450 A021 TAIL ROTOR GEARBOX OUTPUT SHAFT SEAL REPLACEMENT

31 MT295-6 Screw
REFER TO § 7.450 A021 TAIL ROTOR GEARBOX OUTPUT SHAFT SEAL REPLACEMENT

32 MT294-1 Collective Spring Retainer
REFER TO §§ 8.211 COLLECTIVE STICK REMOVAL & 8.223 COLLECTIVE SPRING ADJUSTMENT FOR A038-1 THRU -4 
ASSEMBLY

33 MT303-1 Clutch Bearing (A184) Removal and Installation Tools
REFER TO §§ 7.211 A184 BEARING REMOVAL & 7.212 A184 BEARING INSTALLATION

34 MT303-3 Clutch Bearing (A184) Removal and Installation Tools (use with MT303-1 
tools when hydraulic press is unavailable)
REFER TO §§ 7.211 A184 BEARING REMOVAL & 7.212 A184 BEARING INSTALLATION

35 MT331-4 Sheave Alignment Bar
REFER TO § 7.230 CLUTCH SHEAVE ALIGNMENT

36 MT569-1 Main Rotor Bolt Drilling Fixture (teeter hinge & A154-1 hub coning hinge bolts)
REFER TO § 9.116 DRILLING MAIN ROTOR HUB BOLTS

37 MT569-6 Main Rotor Bolt Drilling Fixture (B370-1 hub coning hinge bolts)
REFER TO § 9.116 DRILLING MAIN ROTOR HUB BOLTS

38 MT352-1 Main Rotor Trim Tab Bending Measuring Tool (includes MT200-1dial indicator 
as shown)
REFER TO § 9.116 DRILLING MAIN ROTOR HUB BOLTS

39 MT354-7 Teeter Moment Tool (R22, R44, R66)
REFER TO § 9.124 ADJUSTMENT OF HINGE FRICTION
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16.200  Illustrations and Tasks (continued)

40 MT357-1 0.125-inch dia Cobalt Drill Bit
REFER TO § 9.116 DRILLING MAIN ROTOR HUB BOLTS

41 MT357-2 0.375-inch dia Reamer
REFER TO §§ 8.212 COLLECTIVE STICK INSTALLATION, 8.532 BELLCRANK INSTALLATION, & 8.620 A139-1 BEARING 
INSTALLATION

42 MT358-1 0.750-inch dia Spot-Facing Tool
REFER TO §§ 8.522 A317-1 LOWER BELLCRANK INSTALLATION & 8.620 A139-1 BEARING INSTALLATION

43 MT359-1 Spring Scale
VARIOUS

44 MT376-1 Blocks – Main Rotor Rigging (set; holds cyclic in neutral position)
REFER TO § 10.111 CYCLIC CONTROLS

45 MT556-1 Tail Rotor Elastomeric Bearing Replacement Tools (Incl items 45 thru 48)
REFER TO § 9.215 TAIL ROTOR HUB ELASTOMERIC BEARING REPLACEMENT

46 MT556-5 Support
REFER TO § 9.215 TAIL ROTOR HUB ELASTOMERIC BEARING REPLACEMENT

47 MT556-6 Cap
REFER TO § 9.215 TAIL ROTOR HUB ELASTOMERIC BEARING REPLACEMENT

48 MT556-2 Mandrel Assembly
REFER TO § 9.215 TAIL ROTOR HUB ELASTOMERIC BEARING REPLACEMENT

49 AN4-25A Bolt
REFER TO § 9.215 TAIL ROTOR HUB ELASTOMERIC BEARING REPLACEMENT

50 MT329-13 Support Weldment
REFER TO § 9.126 MAIN ROTOR HUB BEARING REPLACEMENT

MT329-2 Support Weldment (A154-1 Hub)
REFER TO § 9.126 MAIN ROTOR HUB BEARING REPLACEMENT

51 MT329-1 Plug Assembly (A648-1 or A648-3 Bearings)
REFER TO § 9.126 MAIN ROTOR HUB BEARING REPLACEMENT

52 MT329-11 Plug Assembly (A648-2 Bearings)
REFER TO § 9.126 MAIN ROTOR HUB BEARING REPLACEMENT

53 MT329-10 Tube
REFER TO § 9.126 MAIN ROTOR HUB BEARING REPLACEMENT
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xviii . . . . . . . . . . . . . . OCT 2014
xix . . . . . . . . . . . . . . OCT 2014
xx . . . . . . . . . . . . . . OCT 2014

1.i . . . . . . . . . . . . . . OCT 2014
1.ii . . . . . . . . . . . . . . OCT 2014
1.1 . . . . . . . . . . . . . OCT 2014
1.2 . . . . . . . . . . . . . OCT 2014
1.3 . . . . . . . . . . . . . OCT 2014
1.4 . . . . . . . . . . . . . OCT 2014
1.5 . . . . . . . . . . . . . OCT 2014
1.6 . . . . . . . . . . . . . OCT 2014
1.7 . . . . . . . . . . . . . OCT 2014
1.8 . . . . . . . . . . . . . OCT 2014
1.9 . . . . . . . . . . . . . OCT 2014

REVISION LOG
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The R22 Maintenance Manual (MM) list of effective pages and effective dates are given below.  
If a previously issued page is not listed below, it is no longer an effective page and must be 
discarded.  The issue or revision date is in bold at the top of each revision log page.

Please visit www.robinsonheli.com, and click on the Publications tab, to verify the issue or 
revision date is current.  A subscription service form is included in the front of this manual.
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2.17 . . . . . . . . . . . . JUN 2006
2.18 . . . . . . . . . . . . JUN 2006
2.19 . . . . . . . . . . . . OCT 2014
2.20 . . . . . . . . . . . . OCT 2014
2.21 . . . . . . . . . . . . OCT 2014
2.22 . . . . . . . . . . . . OCT 2014
2.23 . . . . . . . . . . . . OCT 2014
2.24 . . . . . . . . . . . . OCT 2014
2.25 . . . . . . . . . . . . MAR 2016
2.26 . . . . . . . . . . . . MAR 2016
2.27 . . . . . . . . . . . . JUN 2006
2.28 . . . . . . . . . . . . JUN 2006
2.29 . . . . . . . . . . . . JUN 2006
2.30 . . . . . . . . . . . . JUN 2006
2.31 . . . . . . . . . . . . APR 2007
2.32 . . . . . . . . . . . . JUN 2006
2.33 . . . . . . . . . . . . APR 2007
2.34 . . . . . . . . . . . . JUN 2006
2.35 . . . . . . . . . . . . MAR 2016
2.36 . . . . . . . . . . . . MAR 2016
2.37 . . . . . . . . . . . . OCT 2014
2.38 . . . . . . . . . . . . OCT 2014
2.39 . . . . . . . . . . . . OCT 2014
2.40 . . . . . . . . . . . . OCT 2014
2.41 . . . . . . . . . . . . JUN 2006
2.42 . . . . . . . . . . . . JUN 2006
2.43 . . . . . . . . . . . . JUN 2006
2.44 . . . . . . . . . . . . JUN 2006
2.45 . . . . . . . . . . . . JUN 2006
2.46 . . . . . . . . . . . . APR 2007
2.47 . . . . . . . . . . . . JUN 2006
2.48 . . . . . . . . . . . . JUN 2006
2.49 . . . . . . . . . . . . JUN 2006
2.50 . . . . . . . . . . . . APR 2007
2.51 . . . . . . . . . . . . JUN 2006
2.52 . . . . . . . . . . . . JUN 2006
2.53 . . . . . . . . . . . . JUN 2006
2.54 . . . . . . . . . . . . JUN 2006

2.55 . . . . . . . . . . . . JUN 2006
2.56 . . . . . . . . . . . . JUN 2006
2.57 . . . . . . . . . . . . JUN 2006
2.58 . . . . . . . . . . . . JUN 2006
2.59 . . . . . . . . . . . . JUN 2006
2.60 . . . . . . . . . . . . JUN 2006
2.61 . . . . . . . . . . . . JUN 2006
2.62 . . . . . . . . . . . . JUN 2006
2.63 . . . . . . . . . . . . APR 2007
2.64 . . . . . . . . . . . . APR 2007
2.65 . . . . . . . . . . . . APR 2007
2.66 . . . . . . . . . . . . APR 2007
2.67 . . . . . . . . . . . . OCT 2014
2.68 . . . . . . . . . . . . OCT 2014

3.i . . . . . . . . . . . . . . OCT 2014
3.ii . . . . . . . . . . . . . OCT 2014
3.1 . . . . . . . . . . . . . MAR 2016
3.2 . . . . . . . . . . . . . MAR 2016
3.3 . . . . . . . . . . . . . OCT 2014
3.4 . . . . . . . . . . . . . OCT 2014
3.5 . . . . . . . . . . . . . OCT 2014
3.6 . . . . . . . . . . . . . OCT 2014
3.7 . . . . . . . . . . . . . OCT 2014
3.8 . . . . . . . . . . . . . OCT 2014
3.9 . . . . . . . . . . . . . OCT 2014
3.10 . . . . . . . . . . . . OCT 2014
3.11 . . . . . . . . . . . . OCT 2014
3.12 . . . . . . . . . . . . OCT 2014
3.13 . . . . . . . . . . . . MAR 2016
3.14 . . . . . . . . . . . . MAR 2016

4.i . . . . . . . . . . . . . . OCT 2014
4.ii . . . . . . . . . . . . . . OCT 2014
4.1 . . . . . . . . . . . . . OCT 2014
4.2 . . . . . . . . . . . . . OCT 2014
4.3 . . . . . . . . . . . . . 5/22/87
4.4 . . . . . . . . . . . . . 5/22/87

4.5 . . . . . . . . . . . . . 31 JAN 89
4.6 . . . . . . . . . . . . . APR 2005
4.7 . . . . . . . . . . . . . 5/22/87
4.8 . . . . . . . . . . . . . 5/22/87
4.9 . . . . . . . . . . . . . 5/22/87
4.10 . . . . . . . . . . . . JAN 2005
4.11 . . . . . . . . . . . . 5/22/87
4.12 . . . . . . . . . . . . APR 2007
4.13 . . . . . . . . . . . . 5/22/87
4.14 . . . . . . . . . . . . 29 MAR 93
4.15 . . . . . . . . . . . . JAN 2005
4.16 . . . . . . . . . . . . JAN 2005
4.17 . . . . . . . . . . . . JUN 2000
4.18 . . . . . . . . . . . . 30 JUN 99
4.19 . . . . . . . . . . . . 26 JUL 96
4.20 . . . . . . . . . . . . 30 JUN 99
4.21 . . . . . . . . . . . . JUN 2006
4.22 . . . . . . . . . . . . JUN 2006
4.23 . . . . . . . . . . . . 7 AUG 92
4.24 . . . . . . . . . . . . 7 AUG 92
4.25 . . . . . . . . . . . . 7 AUG 92

5.i . . . . . . . . . . . . . . OCT 2014
5.ii . . . . . . . . . . . . . OCT 2014
5.1 . . . . . . . . . . . . . OCT 2014
5.2 . . . . . . . . . . . . . OCT 2014
5.3 . . . . . . . . . . . . . APR 2007
5.4 . . . . . . . . . . . . . APR 2007
5.5 . . . . . . . . . . . . . APR 2007
5.6 . . . . . . . . . . . . . APR 2007
5.7 . . . . . . . . . . . . . 5/22/87
5.8 . . . . . . . . . . . . . 28 JUL 89
5.9 . . . . . . . . . . . . . 28 JUL 89
5.10 . . . . . . . . . . . . 28 JUL 89
5.11 . . . . . . . . . . . . 28 JUL 89
5.12 . . . . . . . . . . . . JUN 2000
5.13 . . . . . . . . . . . . 28 JUL 89
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6.i . . . . . . . . . . . . . . OCT 2014
6.ii . . . . . . . . . . . . . OCT 2014
6.1 . . . . . . . . . . . . . OCT 2014
6.2 . . . . . . . . . . . . . OCT 2014
6.3 . . . . . . . . . . . . . APR 2007
6.4 . . . . . . . . . . . . . APR 2007
6.5 . . . . . . . . . . . . . JUN 2006
6.6 . . . . . . . . . . . . . JUN 2006
6.7 . . . . . . . . . . . . . APR 2005
6.8 . . . . . . . . . . . . . APR 2005
6.9 . . . . . . . . . . . . . JUN 2006
6.10 . . . . . . . . . . . . JUN 2006
6.11 . . . . . . . . . . . . 26 JUL 96
6.12 . . . . . . . . . . . . 30 JUN 99
6.13 . . . . . . . . . . . . 19 SEP 97
6.14 . . . . . . . . . . . . 19 SEP 97
6.15 . . . . . . . . . . . . JAN 2005
6.16 . . . . . . . . . . . . 26 JUL 96
6.16A . . . . . . . . . . . 7 AUG 92
6.16B . . . . . . . . . . . JAN 2005
6.16C . . . . . . . . . . . 7 AUG 92
6.16D . . . . . . . . . . . 7 AUG 92
6.17 . . . . . . . . . . . . APR 2007
6.18 . . . . . . . . . . . . APR 2007
6.19 . . . . . . . . . . . . APR 2007
6.20 . . . . . . . . . . . . APR 2007
6.21 . . . . . . . . . . . . OCT 2014
6.22 . . . . . . . . . . . . OCT 2014
6.23 . . . . . . . . . . . . MAR 2004
6.24 . . . . . . . . . . . . MAR 2004
6.25 . . . . . . . . . . . . APR 2007
6.26 . . . . . . . . . . . . APR 2007
6.27 . . . . . . . . . . . . APR 2007
6.28 . . . . . . . . . . . . APR 2007
6.29 . . . . . . . . . . . . APR 2007
6.30 . . . . . . . . . . . . APR 2007

7.i . . . . . . . . . . . . . . OCT 2014

7.ii . . . . . . . . . . . . . . OCT 2014
7.1 . . . . . . . . . . . . . OCT 2014
7.2 . . . . . . . . . . . . . OCT 2014
7.3 . . . . . . . . . . . . . JUN 2006
7.4 . . . . . . . . . . . . . 5/22/87
7.5 . . . . . . . . . . . . . JUN 2006
7.6 . . . . . . . . . . . . . JUN 2006
7.7 . . . . . . . . . . . . . 19 SEP 97
7.8 . . . . . . . . . . . . . 19 SEP 97
7.9 . . . . . . . . . . . . . 19 SEP 97
7.9A . . . . . . . . . . . . 19 SEP 97
7.9B . . . . . . . . . . . . 19 SEP 97
7.10 . . . . . . . . . . . . JUN 2000
7.11 . . . . . . . . . . . . 5/22/87
7.12 . . . . . . . . . . . . 3 MAR 99
7.13 . . . . . . . . . . . . 3 MAR 99
7.14 . . . . . . . . . . . . JUN 2000
7.15 . . . . . . . . . . . . OCT 2014
7.16 . . . . . . . . . . . . OCT 2014
7.17 . . . . . . . . . . . . APR 2005
7.18 . . . . . . . . . . . . MAR 2004
7.19 . . . . . . . . . . . . JUN 2006
7.20 . . . . . . . . . . . . JUN 2006
7.21 . . . . . . . . . . . . JUN 2006
7.22 . . . . . . . . . . . . JUN 2006
7.23 . . . . . . . . . . . . JUN 2000
7.24 . . . . . . . . . . . . JUN 2000
7.25 . . . . . . . . . . . . JUN 2000
7.26 . . . . . . . . . . . . MAR 2004
7.27 . . . . . . . . . . . . MAR 2004
7.28 . . . . . . . . . . . . 3 MAR 99
7.28A . . . . . . . . . . . 3 MAR 99
7.28B . . . . . . . . . . . 3 MAR 99
7.29 . . . . . . . . . . . . 5/22/87
7.30 . . . . . . . . . . . . 5/22/87
7.31 . . . . . . . . . . . . JUN 2006
7.32 . . . . . . . . . . . . JUN 2006
7.33 . . . . . . . . . . . . OCT 2014

7.33A . . . . . . . . . . . OCT 2014
7.33B . . . . . . . . . . . MAR 2004
7.34 . . . . . . . . . . . . 5/22/87
7.35 . . . . . . . . . . . . 26 JUL 96
7.36 . . . . . . . . . . . . MAR 2004
7.37 . . . . . . . . . . . . 26 JUL 96
7.38 . . . . . . . . . . . . 26 JUL 96
7.38A . . . . . . . . . . . 26 JUL 96
7.38B . . . . . . . . . . . 26 JUL 96
7.39 . . . . . . . . . . . . 19 SEP 97
7.40 . . . . . . . . . . . . 19 SEP 97
7.41 . . . . . . . . . . . . 19 SEP 97
7.42 . . . . . . . . . . . . 19 SEP 97
7.43 . . . . . . . . . . . . 19 SEP 97
7.44 . . . . . . . . . . . . 19 SEP 97
7.44A . . . . . . . . . . . 4/15/88
7.44B . . . . . . . . . . . 5 JUL 90
7.44C . . . . . . . . . . . 26 JUL 96
7.44D . . . . . . . . . . . 7 AUG 92
7.45 . . . . . . . . . . . . JUN 2006
7.46 . . . . . . . . . . . . JUN 2006
7.47 . . . . . . . . . . . . JUN 2000
7.48 . . . . . . . . . . . . JUN 2000
7.48A . . . . . . . . . . . 31 DEC 98
7.48B . . . . . . . . . . . MAR 2004
7.49 . . . . . . . . . . . . APR 2007
7.50 . . . . . . . . . . . . APR 2007
7.51 . . . . . . . . . . . . 30 JUN 99
7.52 . . . . . . . . . . . . JAN 2005
7.53 . . . . . . . . . . . . 5/22/87
7.54 . . . . . . . . . . . . JUN 2006
7.55 . . . . . . . . . . . . JAN 2005
7.56 . . . . . . . . . . . . 31 JAN 89
7.57 . . . . . . . . . . . . 31 JAN 89

8.i . . . . . . . . . . . . . . OCT 2014
8.ii . . . . . . . . . . . . . OCT 2014
8.iii . . . . . . . . . . . . . OCT 2014
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8.iv . . . . . . . . . . . . . OCT 2014
8.1 . . . . . . . . . . . . . OCT 2014
8.2 . . . . . . . . . . . . . OCT 2014
8.3 . . . . . . . . . . . . . 5/22/87
8.4 . . . . . . . . . . . . . 5/22/87
8.5 . . . . . . . . . . . . . 5/22/87
8.6 . . . . . . . . . . . . . 5/22/87
8.7 . . . . . . . . . . . . . 5/22/87
8.8 . . . . . . . . . . . . . 5/22/87
8.9 . . . . . . . . . . . . . 5/22/87
8.10 . . . . . . . . . . . . 5/22/87
8.11 . . . . . . . . . . . . 5/22/87
8.12 . . . . . . . . . . . . 5/22/87
8.13 . . . . . . . . . . . . 5/22/87
8.14 . . . . . . . . . . . . 4/15/88
8.15 . . . . . . . . . . . . 5/22/87
8.16 . . . . . . . . . . . . 5/22/87
8.17 . . . . . . . . . . . . 5/22/87
8.18 . . . . . . . . . . . . 7 AUG 92
8.19 . . . . . . . . . . . . 12 JAN 90
8.20 . . . . . . . . . . . . 12 JAN 90
8.21 . . . . . . . . . . . . 5/22/87
8.22 . . . . . . . . . . . . 5/22/87
8.23 . . . . . . . . . . . . 5/22/87
8.24 . . . . . . . . . . . . 5/22/87
8.25 . . . . . . . . . . . . 5/22/87
8.26 . . . . . . . . . . . . MAR 2004
8.27 . . . . . . . . . . . . 26 JUL 96
8.28 . . . . . . . . . . . . MAR 2004
8.29 . . . . . . . . . . . . 5/22/87
8.30 . . . . . . . . . . . . MAR 2004
8.31 . . . . . . . . . . . . 19 SEP 97
8.32 . . . . . . . . . . . . 5 JUL 90
8.33 . . . . . . . . . . . . 19 SEP 97
8.34 . . . . . . . . . . . . 30 JUN 99
8.34A . . . . . . . . . . . MAR 2004
8.34B . . . . . . . . . . . 26 JUL 96
8.34C . . . . . . . . . . . MAR 2004

8.34D . . . . . . . . . . . MAR 2004
8.35 . . . . . . . . . . . . 5/22/87
8.36 . . . . . . . . . . . . 5/22/87
8.37 . . . . . . . . . . . . JUN 2006
8.38 . . . . . . . . . . . . JUN 2006
8.39 . . . . . . . . . . . . JUN 2006
8.40 . . . . . . . . . . . . APR 2007
8.41 . . . . . . . . . . . . APR 2007
8.42 . . . . . . . . . . . . JUN 2006
8.43 . . . . . . . . . . . . JUN 2006
8.44 . . . . . . . . . . . . JUN 2006
8.45 . . . . . . . . . . . . 19 SEP 97
8.46 . . . . . . . . . . . . 19 SEP 97
8.47 . . . . . . . . . . . . 19 SEP 97
8.48 . . . . . . . . . . . . 26 JUL 96
8.49 . . . . . . . . . . . . MAR 2004
8.50 . . . . . . . . . . . . 5/22/87
8.51 . . . . . . . . . . . . 5/22/87
8.52 . . . . . . . . . . . . 5/22/87
8.53 . . . . . . . . . . . . 5/22/87
8.54 . . . . . . . . . . . . 5/22/87
8.55 . . . . . . . . . . . . JAN 2005
8.56 . . . . . . . . . . . . JAN 2005
8.57 . . . . . . . . . . . . 5/22/87
8.58 . . . . . . . . . . . . 5/22/87
8.59 . . . . . . . . . . . . JUN 2006
8.60 . . . . . . . . . . . . JUN 2006
8.61 . . . . . . . . . . . . 22 JAN 93
8.62 . . . . . . . . . . . . 22 JAN 93
8.63 . . . . . . . . . . . . APR 2005
8.64 . . . . . . . . . . . . APR 2005

9.i . . . . . . . . . . . . . . OCT 2014
9.ii . . . . . . . . . . . . . OCT 2014
9.1 . . . . . . . . . . . . . OCT 2014
9.2 . . . . . . . . . . . . . OCT 2014
9.3 . . . . . . . . . . . . . MAR 2016
9.4 . . . . . . . . . . . . . MAR 2016

9.5 . . . . . . . . . . . . . MAR 2016
9.6 . . . . . . . . . . . . . MAR 2016
9.7 . . . . . . . . . . . . . MAR 2016
9.8 . . . . . . . . . . . . . MAR 2016
9.9 . . . . . . . . . . . . . MAR 2016
9.10 . . . . . . . . . . . . MAR 2016
9.10A . . . . . . . . . . . MAR 2016
9.10B . . . . . . . . . . . MAR 2016
9.11 . . . . . . . . . . . . MAR 2016
9.12 . . . . . . . . . . . . MAR 2016
9.13 . . . . . . . . . . . . MAR 2016
9.14 . . . . . . . . . . . . MAR 2016
9.15 . . . . . . . . . . . . MAR 2016
9.16 . . . . . . . . . . . . MAR 2016
9.17 . . . . . . . . . . . . OCT 2014
9.18 . . . . . . . . . . . . OCT 2014
9.19 . . . . . . . . . . . . OCT 2014
9.20 . . . . . . . . . . . . OCT 2014
9.21 . . . . . . . . . . . . OCT 2014
9.22 . . . . . . . . . . . . OCT 2014
9.23 . . . . . . . . . . . . OCT 2014
9.24 . . . . . . . . . . . . OCT 2014
9.25 . . . . . . . . . . . . OCT 2014
9.26 . . . . . . . . . . . . OCT 2014
9.26A . . . . . . . . . . . OCT 2014
9.26B . . . . . . . . . . . OCT 2014
9.26C . . . . . . . . . . . OCT 2014
9.26D . . . . . . . . . . . OCT 2014
9.27 . . . . . . . . . . . . JUN 2000
9.28 . . . . . . . . . . . . JUN 2000
9.29 . . . . . . . . . . . . JUN 2006
9.30 . . . . . . . . . . . . JUN 2006
9.31 . . . . . . . . . . . . 31 DEC 98
9.32 . . . . . . . . . . . . 31 DEC 98
9.32A . . . . . . . . . . . JUN 2000
9.32B . . . . . . . . . . . JUN 2000
9.32C . . . . . . . . . . . MAR 2004
9.32D . . . . . . . . . . . JUN 2000
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9.33 . . . . . . . . . . . . 5/22/87
9.34 . . . . . . . . . . . . 5/22/87
9.35 . . . . . . . . . . . . 19 SEP 97

10.i . . . . . . . . . . . . . OCT 2014
10.ii . . . . . . . . . . . . . OCT 2014
10.1 . . . . . . . . . . . . OCT 2014
10.2 . . . . . . . . . . . . OCT 2014
10.3 . . . . . . . . . . . . 5/22/87
10.4 . . . . . . . . . . . . 5/22/87
10.5 . . . . . . . . . . . . APR 2005
10.6 . . . . . . . . . . . . APR 2007
10.7 . . . . . . . . . . . . APR 2005
10.8 . . . . . . . . . . . . 5/22/87
10.9 . . . . . . . . . . . . 5/22/87
10.10 . . . . . . . . . . . 5/22/87
10.11 . . . . . . . . . . . 5/22/87
10.12 . . . . . . . . . . . 5/22/87
10.13 . . . . . . . . . . . 5/22/87
10.14 . . . . . . . . . . . 5/22/87
10.15 . . . . . . . . . . . APR 2007
10.16 . . . . . . . . . . . APR 2007
10.17 . . . . . . . . . . . 5/22/87
10.18 . . . . . . . . . . . 5/22/87
10.19 . . . . . . . . . . . 5/22/87
10.20 . . . . . . . . . . . MAR 2004
10.21 . . . . . . . . . . . 31 JAN 00
10.22 . . . . . . . . . . . 5/22/87
10.23 . . . . . . . . . . . 28 JUL 89
10.24 . . . . . . . . . . . 30 JUN 99
10.25 . . . . . . . . . . . 5/22/87
10.25A . . . . . . . . . . 28 JUL 89
10.25B . . . . . . . . . . 28 JUL 89
10.26 . . . . . . . . . . . 28 JUL 89
10.26A . . . . . . . . . . JUN 2006
10.26B . . . . . . . . . . JUN 2006
10.27 . . . . . . . . . . . JUN 2006
10.28 . . . . . . . . . . . MAR 2004

10.29 . . . . . . . . . . . 19 SEP 97
10.30 . . . . . . . . . . . 5/22/87
10.31 . . . . . . . . . . . OCT 2014
10.32 . . . . . . . . . . . OCT 2014
10.32A . . . . . . . . . . OCT 2014
10.32B . . . . . . . . . . OCT 2014
10.33 . . . . . . . . . . . 5/22/87
10.34 . . . . . . . . . . . 5/22/87
10.35 . . . . . . . . . . . JAN 2005
10.36 . . . . . . . . . . . JAN 2005
10.37 . . . . . . . . . . . JAN 2005
10.38 . . . . . . . . . . . JAN 2005
10.39 . . . . . . . . . . . JAN 2005
10.40 . . . . . . . . . . . JAN 2005

11.i . . . . . . . . . . . . . OCT 2014
11.ii . . . . . . . . . . . . . OCT 2014
11.1 . . . . . . . . . . . . OCT 2014
11.2 . . . . . . . . . . . . OCT 2014
11.3 . . . . . . . . . . . . 5/22/87
11.4 . . . . . . . . . . . . 5/22/87
11.5 . . . . . . . . . . . . APR 2005
11.6 . . . . . . . . . . . . APR 2005

12.i . . . . . . . . . . . . . OCT 2014
12.ii . . . . . . . . . . . . . OCT 2014
12.1 . . . . . . . . . . . . OCT 2014
12.2 . . . . . . . . . . . . OCT 2014
12.3 . . . . . . . . . . . . OCT 2014
12.4 . . . . . . . . . . . . OCT 2014
12.5 . . . . . . . . . . . . OCT 2014
12.6 . . . . . . . . . . . . OCT 2014
12.7 . . . . . . . . . . . . OCT 2014
12.8 . . . . . . . . . . . . OCT 2014
12.9 . . . . . . . . . . . . OCT 2014
12.10 . . . . . . . . . . . OCT 2014
12.11 . . . . . . . . . . . OCT 2014
12.12 . . . . . . . . . . . OCT 2014

12.13 . . . . . . . . . . . OCT 2014
12.14 . . . . . . . . . . . OCT 2014
12.15 . . . . . . . . . . . OCT 2014
12.16 . . . . . . . . . . . OCT 2014
12.17 . . . . . . . . . . . OCT 2014
12.18 . . . . . . . . . . . OCT 2014

13.i . . . . . . . . . . . . . OCT 2014
13.ii . . . . . . . . . . . . . OCT 2014
13.1 . . . . . . . . . . . . OCT 2014
13.2 . . . . . . . . . . . . OCT 2014
13.3 . . . . . . . . . . . . OCT 2014
13.4 . . . . . . . . . . . . OCT 2014
13.5 . . . . . . . . . . . . OCT 2014
13.6 . . . . . . . . . . . . OCT 2014
13.7 . . . . . . . . . . . . OCT 2014
13.8 . . . . . . . . . . . . OCT 2014
13.9 . . . . . . . . . . . . OCT 2014
13.10 . . . . . . . . . . . OCT 2014
13.11 . . . . . . . . . . . OCT 2014
13.12 . . . . . . . . . . . OCT 2014

14.i . . . . . . . . . . . . . OCT 2014
14.ii . . . . . . . . . . . . . OCT 2014
14.1 . . . . . . . . . . . . OCT 2014
14.2 . . . . . . . . . . . . OCT 2014
14.3 . . . . . . . . . . . . JUN 2006
14.3A . . . . . . . . . . . JUN 2006
14.3B . . . . . . . . . . . JUN 2006
14.4 . . . . . . . . . . . . JUN 2006
14.5 . . . . . . . . . . . . APR 2007
14.6 . . . . . . . . . . . . APR 2007
14.7 . . . . . . . . . . . . APR 2007
14.8 . . . . . . . . . . . . APR 2007
14.9 . . . . . . . . . . . . APR 2007
14.10 . . . . . . . . . . . APR 2007
14.11 . . . . . . . . . . . OCT 2014
14.11A . . . . . . . . . . OCT 2014
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14.11B . . . . . . . . . . OCT 2014
14.12 . . . . . . . . . . . OCT 2014
14.13 . . . . . . . . . . . 5/22/87
14.14 . . . . . . . . . . . 5/22/87
14.15 . . . . . . . . . . . 5/22/87
14.16 . . . . . . . . . . . 12 JAN 90
14.16A . . . . . . . . . . 12 JAN 90
14.16B . . . . . . . . . . 12 JAN 90
14.17 . . . . . . . . . . . 12 JAN 90
14.17A . . . . . . . . . . 12 JAN 90
14.17B . . . . . . . . . . 12 JAN 90
14.17C . . . . . . . . . . 12 JAN 90
14.17D . . . . . . . . . . 12 JAN 90
14.18 . . . . . . . . . . . 5/22/87
14.18A . . . . . . . . . . 30 JUN 99
14.18B . . . . . . . . . . 30 JUN 99
14.19 . . . . . . . . . . . 5/22/87
14.20 . . . . . . . . . . . 12 JAN 90
14.21 . . . . . . . . . . . 30 JUN 99
14.21A . . . . . . . . . . 30 JUN 99
14.21B . . . . . . . . . . 30 JUN 99
14.22 . . . . . . . . . . . 5/22/87
14.23 . . . . . . . . . . . MAR 2004
14.23A . . . . . . . . . . 10/15/88
14.23B . . . . . . . . . . 10/15/88
14.23C . . . . . . . . . . MAR 2004
14.23D . . . . . . . . . . MAR 2004
14.23E . . . . . . . . . . MAR 2004
14.23F . . . . . . . . . . MAR 2004
14.23G . . . . . . . . . . MAR 2004
14.23H . . . . . . . . . . OCT 2014
14.24 . . . . . . . . . . . OCT 2014
14.25 . . . . . . . . . . . 26 JUL 96
14.26 . . . . . . . . . . . 5/22/87
14.26A . . . . . . . . . . 7 AUG 92
14.26B . . . . . . . . . . 30 JUN 99
14.26C . . . . . . . . . . JUN 2000
14.26D . . . . . . . . . . JUN 2000

14.51 . . . . . . . . . . . 7 AUG 92
14.52 . . . . . . . . . . . 5/22/87
14.53 . . . . . . . . . . . 5/22/87
14.54 . . . . . . . . . . . 4/22/87
14.55 . . . . . . . . . . . 5/22/87
14.56 . . . . . . . . . . . 5/22/87
14.57 . . . . . . . . . . . 5/22/87
14.58 . . . . . . . . . . . 5/22/87
14.59 . . . . . . . . . . . 5/22/87
14.60 . . . . . . . . . . . 5/22/87
14.61 . . . . . . . . . . . 5/22/87
14.62 . . . . . . . . . . . 5/22/87
14.63 . . . . . . . . . . . 5/22/87
14.64 . . . . . . . . . . . 19 SEP 97
14.65 . . . . . . . . . . . OCT 2014
14.66 . . . . . . . . . . . OCT 2014
14.67 . . . . . . . . . . . OCT 2014
14.68 . . . . . . . . . . . OCT 2014
14.69 . . . . . . . . . . . OCT 2014
14.70 . . . . . . . . . . . OCT 2014
14.71 . . . . . . . . . . . OCT 2014
14.72 . . . . . . . . . . . OCT 2014
14.73 . . . . . . . . . . . OCT 2014
14.74 . . . . . . . . . . . OCT 2014
14.75 . . . . . . . . . . . OCT 2014
14.76 . . . . . . . . . . . OCT 2014
14.77 . . . . . . . . . . . OCT 2014
14.78 . . . . . . . . . . . OCT 2014
14.79 . . . . . . . . . . . OCT 2014
14.80 . . . . . . . . . . . OCT 2014
14.81 . . . . . . . . . . . OCT 2014
14.82 . . . . . . . . . . . OCT 2014
14.83 . . . . . . . . . . . OCT 2014
14.84 . . . . . . . . . . . OCT 2014
14.85 . . . . . . . . . . . OCT 2014
14.86 . . . . . . . . . . . OCT 2014
14.87 . . . . . . . . . . . OCT 2014
14.88 . . . . . . . . . . . OCT 2014

14.26E . . . . . . . . . . JUN 2000
14.26F . . . . . . . . . . JUN 2000
14.26G . . . . . . . . . . JUN 2000
14.26H . . . . . . . . . . JUN 2000
14.26I . . . . . . . . . . . JUN 2000
14.26J . . . . . . . . . . JUN 2000
14.26K . . . . . . . . . . MAR 2004
14.26L . . . . . . . . . . MAR 2004
14.27 . . . . . . . . . . . 5 JUL 90
14.28 . . . . . . . . . . . 5/22/87
14.28A . . . . . . . . . . 5 JUL 90
14.28B . . . . . . . . . . 5 JUL 90
14.29 . . . . . . . . . . . 5/22/87
14.30 . . . . . . . . . . . 5/22/87
14.31 . . . . . . . . . . . 5/22/87
14.32 . . . . . . . . . . . 5/22/87
14.33 . . . . . . . . . . . 5/22/87
14.34 . . . . . . . . . . . 5/22/87
14.35 . . . . . . . . . . . 5/22/87
14.36 . . . . . . . . . . . 5/22/87
14.37 . . . . . . . . . . . 5/22/87
14.38 . . . . . . . . . . . 5/22/87
14.39 . . . . . . . . . . . 28 JUL 89
14.40 . . . . . . . . . . . 5/22/87
14.40A . . . . . . . . . . JUN 2000
14.40B . . . . . . . . . . JUN 2000
14.40C . . . . . . . . . . JUN 2000
14.40D . . . . . . . . . . JUN 2000
14.41 . . . . . . . . . . . 9/25/87
14.42 . . . . . . . . . . . 9/25/87
14.43 . . . . . . . . . . . 5/22/87
14.44 . . . . . . . . . . . 5/22/87
14.45 . . . . . . . . . . . 5/22/87
14.46 . . . . . . . . . . . 5/22/87
14.47 . . . . . . . . . . . 5/22/87
14.48 . . . . . . . . . . . 5/22/87
14.49 . . . . . . . . . . . 9/25/87
14.50 . . . . . . . . . . . 5/22/87
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15.i . . . . . . . . . . . . . OCT 2014
15.ii . . . . . . . . . . . . . OCT 2014
15.1 . . . . . . . . . . . . OCT 2014
15.2 . . . . . . . . . . . . OCT 2014
15.3 . . . . . . . . . . . . 5/22/87
15.4 . . . . . . . . . . . . 5/22/87
15.5 . . . . . . . . . . . . 5/22/87
15.6 . . . . . . . . . . . . 5/22/87
15.7 . . . . . . . . . . . . 5/22/87
15.8 . . . . . . . . . . . . 5/22/87

16.i . . . . . . . . . . . . . OCT 2014
16.ii . . . . . . . . . . . . . OCT 2014
16.1 . . . . . . . . . . . . OCT 2014
16.2 . . . . . . . . . . . . OCT 2014
16.3 . . . . . . . . . . . . MAR 2016
16.4 . . . . . . . . . . . . MAR 2016
16.5 . . . . . . . . . . . . MAR 2016
16.6 . . . . . . . . . . . . MAR 2016
16.7 . . . . . . . . . . . . MAR 2016
16.8 . . . . . . . . . . . . MAR 2016

17.i . . . . . . . . . . . . . MAR 2016
17.ii . . . . . . . . . . . . . MAR 2016
17.1 . . . . . . . . . . . . MAR 2016
17.2 . . . . . . . . . . . . MAR 2016
17.3 . . . . . . . . . . . . MAR 2016
17.4 . . . . . . . . . . . . MAR 2016
17.5 . . . . . . . . . . . . MAR 2016
17.6 . . . . . . . . . . . . MAR 2016
17.7 . . . . . . . . . . . . MAR 2016
17.8 . . . . . . . . . . . . MAR 2016
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