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AH-64 Sprag Clutch Diagnostics
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Description DLA
Problem:
Establishment of dynamic foot-print of IMMC

critical aircraft components and Condition
Indication (Cl) bazed on known data and seeded fault to
support replacement of T8O philozophy with & CBM approach.

Solution:

Use existing aircraft sensors to develop algonthms with the
ability to detect impending failure of the AGE clutch long before
it deteriorates to a condition likely to fail. Tranzition solution to
a Condition Based Maintenance (CBM) environment
supporting reduction of Operation and Support (O&S) cost for
the Apache. Conducts prognostics development of Cl and
algorithms, and demonzstrates through US Army’'s MPSLU
integration. Boeing CBMI program shall support Army Aviation
on the CBM integration process.

Technical Work Completed
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Status

* All technical work completed
* Resultz increased RC from 1000 hours to 2000 hours

* Refined Dynamic Model for AZD to inclede pop and roll over
condition indications

* Tore down over 30 Sprag Clutches from Fort Rucker and
gther testing to improve life

* Innovative method was created and integrated into the
MSPU to detect whether the accessories are being
driven by the primary 8&5-tooth gear/clutch or the
secondary dd-tooth gear/clutch.

* Found several gearboxes with reversed install of
these gears in the field.

Suppart Ay Aaebon on Condbon S wd Ma nisnenos

WARFIGHTER FOCUSED.

g B _CRETE L)



@_ﬂﬂflﬂﬂ "~ Boeing Defense, Space & Security
| Phantom Works =)

Condition Based Maintenance Integration
Diagnostics/Prognostics of the AH-64 Main
Transmission Accessory Sprag Clutch

Hieu Ngo, Richard Weisenburger, Douglas Knapp
Technology Department / Phantom Works
The Boeing Company, Mesa, Arizona

Damian Carr, Jeremy Partain
U.S. Army Apache Systems
RDMR & AMRDEC —-AED, Huntsville, Alabama.

Presented at the American Helicopter Society 67t" Annual
Forum, Virginia Beach, Virginia, May 3-5, 2011

The views expressed in this presentation are those of the author(s) and do not reflect the official policy or position of the Department of the Army,
Department of Defense, or the U.S. Government.

Reference herein to any specific commercial products, process, or service by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States Government. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government, and shall not be used for advertising or product endorsement purposes.



Outline
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Introduction:
= CBMI
» Transmission/Clutch System Configuration

Approach:

= Analyze Available Data
= Modeling-Based

= Experimental-Based

Validation:
= Baseline
= Seeded fault

Conclusions / Plan Forward




CBMI for AH64 Sprag Clutch
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« CBMI (Condition Based Maintenance Integration)

— Identify failure modes of critical aircraft components with degradation
phenomenon, to define dynamic footprint

— Existing Aircraft: provide dynamic footprint to identify effective
seeded fault testing

— New Aircraft: CBM data captured during design, developmental
testing, qualification, and acceptance test phase

« AH64 Sprag Clutch (Main Transmission Accessory Section)
— Objectives:

» Characterize dynamic behavior of the sprag clutch at different states of
clutch degradation

» Obtain measured data during sprag clutch engagements to support the
Army CBM program by developing a Cl for clutch degradation
algorithms




AHG64 A/D Main Transmission Acc Section
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* Dual clutch system
— Primary (RH side)
— Secondary (LH side)

Clutch Bearing
Support

Spiral Bevel (60Teeth)
(Primary Clutch inner race)

C =

Spiral Bevel (60Teeth)
Helical (82Teeth)
(Secondary Clutch

SpurGear (85Teeth)
inner race)

(Primary Clutch outer race)
SpurGear (84Teeth)

(Secondary Clutch outer race)




Sprag Clutch Design
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« Engage/disengage based on relative speed inner/outer races
» Disengage position “slips”
» Engaged position transmits torque between races

RI1BBON
SPRING

/

Inner race of
spur gear shaft

Outer race of
spiralbevel
gear shaft
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ADAMS Model
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Model Results (Baseline)
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* Access Select Analyze and Present flight test
database
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Model Results (Wear Seeded Faults)
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Clutch Outer Race

e Clutch failure due to the simulated

sprag wear
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Model Result (Chatter with Identical Gears)
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* Extreme condition

1000.0

(shaft speeds same), e
Primary/Secondary ’ ; il
clutches “fight” for :] !
engagement T *, ".
« Model predicted £
chatter :
AnalysisztgfastfRun | 29.6'175 | T\?’iﬁl:ggc) | 29-6‘525 | 2008707%3-.’??13113
Spur Gear
(85 Teeth)
Spur Gear
(84 Teeth)
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Clutch Behavior (Non linear)
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 Clutch behavior differs (non linearly) as function of
load and state of wear

 Clutch slip and pop more susceptible at low loads

Probability of clutch slip and

pop in-out at high load Probability of clutch slip and

pop in-out at low load
Aircraft load level

Load

Sprag Clutch Degradation (Wear)

Clutch Full Engagementi@@@@ 8 Clutch pop in-out
Clutch Slip BN Clutch Roll-over
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Test Rig (for Seeded Fault Testing)
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Secondary sprag clutch
outer race speed sensor

.." AN

AT =t

APU Motor

=

Primary sprag clutch
CBMI Test Rig outer race speed sensor




Wear Grooves from Field (Inner Race)
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* Inner race wear was measured from service parts
 Seeded faults were established based on wear measurements
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Baseline Test Result (Speed, Accel, CI)
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Seeded Fault Test Result (Speed, Accel, CI)
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Seeded Fault Test Result (Speed, Accel, CI)
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Accelerometer Inadequate for Detection
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 For Detection rate >90%, False Alarm rate > 70%
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Seeded Fault Test Results (Speed)
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Speed Sensor Supports Cl
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« All Cl parameters trend closely for speed sensor
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Validation Test Results (MSPU Format), Speed
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Conclusions
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« MSPU proves it has the ability to detect minor clutch
slippage and wear.

« Existing generator speed sensor could detect minor
clutch slippage.

* For the double sprag clutch system, if the primary clutch
slips the secondary clutch takes over.

« Using accelerometer sensor and a CF threshold of 5.5, the
sprag clutch detection rate is 80% with less than 0.5% false
alarm rate. Accelerometer sensor is not effective in detecting
sprag clutch minor slip.

« Speed sensors successfully detect the sprag clutch full
engagement, minor slip, pop —in and out, recovery cycle,
and roll-over with high accuracy
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ASAP Database
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* Access Select Analyze and Present flight test database
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