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Outline

Introduction:

CBMI

 Transmission/Clutch System Configuration

Approach:

 Analyze Available Data

Modeling-Based

 Experimental-Based

Validation:

 Baseline

 Seeded fault

Conclusions / Plan Forward
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CBMI for AH64 Sprag Clutch

• 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 CI for clutch degradation 
algorithms
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AH64 A/D Main Transmission Acc Section

• Dual clutch system

Primary (RH side)

Secondary (LH side)
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Sprag Clutch Design

• Engage/disengage based on relative speed inner/outer races 

• Disengage position “slips”

• Engaged position transmits torque between races
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ADAMS Model
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Model Results (Baseline)

Generators load upGenerators load up

Inner and Outer Races of the Sprag Clutch speed During Normal Clutch Engagement 

• Access Select Analyze and Present flight test 
database
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• Clutch failure due to the simulated 
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Model Result (Chatter with Identical Gears)

Spur Gear

(84 Teeth)

Spur Gear

(85 Teeth)

• Extreme condition 
(shaft speeds same), 
Primary/Secondary 
clutches “fight” for 
engagement

• Model predicted 
chatter
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Clutch Behavior (Non linear)

Sprag Clutch Degradation (Wear)

L
o
a
d

Aircraft load level

Clutch Full Engagement

Clutch Slip

Clutch pop in-out

Clutch Roll-over

Test load level

Probability of clutch slip and 

pop in-out at low load

Probability of clutch slip and 

pop in-out at high load

• Clutch behavior differs (non linearly) as function of 
load and state of wear

• Clutch slip and pop more susceptible at low loads
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Test Rig (for Seeded Fault Testing)

APU Motor

RH Motor

LH Motor

Overrunning Clutch

Primary sprag clutch 

outer race speed sensor

Secondary sprag clutch 

outer race speed sensor

CBMI Test Rig
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First Seeded Fault Test 

Condition Dia. 2.480”

Baseline Test Condition

Second Seeded Fault 

Test Condition

Wear due to the sprags

Wear due to the drag strips

S
p
ir
a
l 
B

e
v
e
l 
G

e
a
r 

S
h
a
ft
 D

ia
m

e
te

r 
(i
n
c
h
e
s
)

Spiral Bevel Gear Shaft Axial (inches)

Third Seeded Fault 

Test Condition

First Seeded Fault Test 

Condition Dia. 2.480”

Baseline Test Condition

Second Seeded Fault 

Test Condition

Wear due to the sprags

Wear due to the drag strips

S
p
ir
a
l 
B

e
v
e
l 
G

e
a
r 

S
h
a
ft
 D

ia
m

e
te

r 
(i
n
c
h
e
s
)

Spiral Bevel Gear Shaft Axial (inches)

Third Seeded Fault 

Test Condition

• 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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Primary Clutch 

tries to recover 

and rolled over

Seeded Fault Test Results (Speed)

Baseline (normal engagement) Seeded Fault (primary slip)

Seeded Fault (rollover)
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Speed Sensor Supports CI 

• All CI parameters trend closely for speed sensor
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Oscillation due to the Vespel Polygon adapterOscillation due to the Vespel Polygon adapter

Validation Test Results (MSPU Format), Speed

Baseline (normal engagement) Seeded Fault (minor slip)

Seeded Fault (major slip)
Seeded Fault (2nd clutch engage)
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Conclusions

• 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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Ground Test GI to FI
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ASAP Database

• Access Select Analyze and Present flight test database


