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Traditionally, rotor smoothing has been performed by acquiring vibration phase and amplitude at a few 
locations in the fixed-frame during dedicated maintenance test flights, in which the flight crew acquires the 
data at several known ground, hover and forward flight conditions. Although this process works, it is time 
consuming and expensive. A method to reduce or eliminate special maintenance test flights is highly 
desirable. In this paper, the use of vibration data acquired continuously through the flight for rotor 
smoothing is studied. Vibration data for one UH-60L Blackhawk and two AH-64A Apaches were acquired 
both continuously and manually. The vibration characteristics and recommended adjustments for each 
method are compared. It was determined that there was scatter in the vibration data, but a composite 
solution could be calculated that would reduce the average vibrations. This method may be effective to allow 
for small adjustments between maintenance flights on aircraft that do not have a regime based rotor 
smoothing data acquisition capability. 
 

 
Introduction 

The US Army operates the world’s largest fleet of 
rotary wing aircraft and maintaining this fleet is 
expensive. Significant portions of the cost of 
maintaining rotary wing aircraft are the actions required 
to minimize once-per-revolution (1R) vibrations. 
Although traditionally called rotor track and balance, it 
is more properly a rotor smoothing activity. It is 
believed that a cost savings can be realized with a 
system that will reduce the requirement for dedicated 
vibration related maintenance test flights. This paper 
outlines the use of continuous 1R measurements for the 
investigation of automated and simplified methods for 
rotor smoothing. Within this paper a “continuous” 
vibration measurement refers to vibration data that is 
automatically collected at a pre-set interval within all 
flights, without any regard to the actual flight state. 

Traditionally, rotor-smoothing data is collected 
during dedicated maintenance test flights at pre-defined 
aircraft flight test states, either manually or 
automatically using a regime recognition system. The 
manual method requires that a pilot, copilot, or crew 
chief press a button when the aircraft has stabilized in a 
particular flight state such as Hover or 120 knots. 
Although this method has been the standard over the 

last 30 years, it represents a significant cost in terms of 
flight time, pilot workload, and instrumentation with a 
user interface in the cockpit. Health and Usage 
Monitoring Systems (HUMS) have incorporated 
automatic rotor smoothing data acquisition using regime 
recognition. The regimes are detected from parameters 
such as airspeed, altitude, heading, etc. thereby reducing 
crewmember workload. When the flight parameters are 
available from a data bus such as a MIL-STD-1553 or 
ARINC 429, the implementation is relatively 
straightforward. However, automated regime 
recognition often entails lengthy development and 
validation process. Furthermore, such algorithms are 
occasionally unable to collect enough state-specific data 
to eliminate dedicated smoothing flights. When the 
flight parameters are not available via a data bus, 
expensive and complicated aircraft integration is 
required to determine aircraft regimes. Therefore, a 
rotor smoothing technique using continuous 1R 
vibration data would be very useful to the rotorcraft 
industry by eliminating the pitfalls inherent in both 
manual and automatic data acquisition techniques. Such 
a method is studied in this paper. 
 

Related Research 
The US Army has implemented an embedded 

vibration diagnostic system under the Vibration 
Management Enhancement Program (VMEP) [1-5]. A 
VMEP goal is to develop a low cost and effective 

Presented at the American Helicopter Society 60th 
Annual Forum, Baltimore, Maryland, June 7 – 10, 2004.
Copyright © 2004 by the American Helicopter Society 
International, Inc. All rights reserved. 



 

maintenance tool for rotor smoothing and rotating 
component vibration monitoring and diagnostics. The 
system has been designed as a high performance data 
acquisition system that can rapidly acquire and 
synchronize vibration data to any rotating component. 
The architecture allows for the continuous measurement 
of vibration amplitude and phase at pre-programmable 
time intervals. 

The idea to depart from the industry standard 
steady state measurements for rotor smoothing to a 
transient and unsteady flight regime comes from a 
method discovered for on-wing balancing of large 
turbofan aircraft engines. The historical method used for 
the on wing balancing event involved holding the 
engine speeds steady at 6-10 set speeds. This task was 
difficult for the pilots due to gusting winds and 
inadequate control of fan speeds on the aircraft. A 
method to collect transient vibration data during 
accelerations and decelerations proved to be very 
effective in finding a balance solution that minimized 
vibration across all speeds [5]. The helicopter problem 
may or may not be similar, but it is believed to be worth 
studying to see if a rotor smoothing solution could be 
found using unsteady transient operation data. 
 

Objectives 
The US Army Aviation Engineering Directorate, 

South Carolina Army National Guard and Intelligent 
Automation Corporation investigated a rotor smoothing 
technique using continuous 1R vibration data. Rotor 
smoothing data was acquired for a UH-60L Blackhawk 
and AH-64A Apache, using the traditional manual 
method and in a continuous monitor mode. Rotor 
corrections were calculated and are compared for both 
methods in this paper. 

Approach 
The VMEP on-board system can acquire vibration 

data using three methods. Data acquisition can be 
triggered from a button push on the control head, 
through a time based trigger, or through a regime 
recognition algorithm. In the manual mode the pilot 
selects a Mode and State and pushes a “DO” button. 
The Modes correspond to test plans such as Tail Rotor 
Balance, Main Rotor Balance, Ground Track, etc. The 
States correspond to aircraft flight states such as Flat-
Pitch-Ground 100% (FPG100), Hover, 80 KTS, 120 
KTS, or 145 KTS for example. For each aircraft type 
the Modes and States will be different. 

The time based triggered measurements are called 
the Monitor Mode. In the Monitor Mode a configurable 
list of vibration measurements are executed at a 
programmed timed interval. For the typical VMEP 
application the Monitor Mode is used to continuously 
monitor critical components. For the UH-60L this 
includes the High Speed Engine Driveshafts, Oil Cooler 
and Tail Rotor. For the AH-64 the Monitor 

Measurements include the Tail Rotor, Tail Rotor 
Gearbox APU Drive Shaft and Intermediate Gearbox. 
The Regime triggered measurements are a new feature 
currently being developed for VMEP. In this mode the 
aircraft state parameters are measured from a data bus 
and used to automatically trigger a vibration 
measurement. Once a measurement has been triggered, 
the acquisition and processing of data begins. The 
VMEP system will measure and store 6 basic types of 
vibration diagnostic data. 
 

ATD – Asynchronous Time Domain. This is raw 
time samples. The VMEP system can be configured to 
save this data if desired, but the usual application uses 
this raw data for subsequent post-processing and feature 
extraction. 

AFD – Asynchronous Frequency Domain. This is 
the traditional vibration spectra data. Like the ATD 
data, the system can be configured to save this data for 
ground based analysis, or send the frequency domain 
data for post-processing. 

SOD – Synchronous Order Domain. The SOD data 
is time-synchronous-averaged data that is used primarily 
for rotor smoothing. The averaging process is an 
effective technique to remove non-rotor related 
vibrations and increase the signal to noise ratio. 

STA – Synchronous Time Average. This data is 
raw time domain data that has been re-sampled and 
averaged to extract features from a specific gear or 
shaft. A high speed tachometer is used along with gear 
ratio setup information to develop a time waveform that 
represents one revolution of a target component. This 
averaged data is an effective input to gear shaft fault 
detection algorithms.  

TRK – Track Data. Track data is the measured 
track height of the rotor blades and is used in the rotor 
smoothing algorithm. 

TACH – Tachometer measurements can be made 
with or without vibration measurements. A tachometer 
measurement by it self can be used as an input to a post-
possessing algorithm, or as a trigger for an action. 
 

Condition Indicators are the end-result features that 
are used to indicate the health status of the aircraft. The 
Condition Indicators can be either calculated on-board 
the aircraft or on the PC-Ground Based System. 
Examples of Condition Indicators can be order domain 
amplitude and phases, frequency domain spectral peaks, 
gear and bearing fault features from STA data, or 
advanced cepstra and demodulation features. 
 
Description of Manual Rotor Smoothing with VMEP 

A typical rotor smoothing event using the VMEP 
system involves a Maintenance Test Pilot (MTP) flying 
the aircraft through dedicated flight states and acquiring 
steady-state vibration and track data. The states flown 



 

for Main Rotor smoothing of the AH-64, UH-60 and 
CH-47 are shown in Table 1. 
 

Table 1 - Typical Rotor Smoothing Test States 

AH-64A UH-60 CH-47 
FPG100 FPG100 Hover 
Hover Hover 80 Kts 
60 Kts 80 Kts 120 Kts 
80 Kts 120 Kts 140 Kts 
100 Kts 145 Kts  
120 Kts   
140 Kts   

 
At the completion of the flight, the pilot or crew 

chief will download the data to the PC-Ground Based 
System (PC-GBS). At that time the vibration levels are 
checked for exceedances, and if rotor smoothing is 
required, a set of adjustments is presented to the user.[4] 

The mechanics will put the adjustments into the 
rotor system, which typically involve hub weights, pitch 
links and tab bends. The flight is repeated to validate the 
reduction in vibration levels. 
 

Description of Setup modifications for special test 
The VMEP on-board data acquisition is controlled 

from a configurable database setup. This setup was 
modified for the special testing used to investigate 
continuous rotor smoothing. The modification involved 
changing the monitor mode (time based measurements) 
to collect and store the condition indicators shown in 
Table 2 and 3.  The CI name indicates the component, 
harmonic, and sensor.  For example “M/R 1R Vib 
Monitor Vert” is the Main Rotor 1st harmonic vibration 
amplitude for the Vert sensor. 

 
Table 2 - AH-64A Monitor CI 

AH-64A 
CI identifier CI name 
64A-MR-20 M/R 1R Vib MONITOR Vert 
64A-MR-21 M/R 1R Vib MONITOR Lat 
64A-MR-22 M/R 4R Vib MONITOR Vert 
64A-MR-23 M/R 4R Vib MONITOR Lat 
64A-MR-24 M/R 1R Phase MONITOR Vert
64A-MR-25 M/R 1R Phase MONITOR Lat 

 

For the AH-64A there are two sensors used for 
rotor smoothing. They are the Vert sensor in the cockpit 
near the Copilot Gunner and measures vertical 
vibrations, and the Lat sensor above the Pilot and 
measures lateral vibrations. 

For the UH-60L, the A sensor is near the Copilot 
Door and measures vertical vibrations, the B sensor is 

near the Pilot Door and measures vertical vibrations. 
A+B is the vector sum of the A and B sensor and relates 
to the vertical vibration of the aircraft. A-B is the vector 
difference of the two sensors and relates to aircraft roll 
or lateral hub motion. 

 
Table 3 -  UH-60L Monitor CI 

UH-60 
CI identifier CI name 
60-MR-50 M/R 1R Vib Monitor A 
60-MR-51 M/R 1R Vib Monitor B 
60-MR-52 M/R 1R Vib Monitor A+B 
60-MR-53 M/R 1R Vib Monitor A-B 
60-MR-54 M/R 4R Vib Monitor A 
60-MR-55 M/R 4R Vib Monitor B 
60-MR-56 M/R 4R Vib Monitor A+B 
60-MR-57 M/R 4R Vib Monitor A-B 
60-MR-58 M/R 1R Phase Monitor A 
60-MR-59 M/R 1R Phase Monitor B 
60-MR-60 M/R 1R Phase Monitor A+B
60-MR-61 M/R 1R Phase Monitor A-B

 
The monitor mode was programmed to collect and 

store the above CIs every 30 seconds. The monitor 
mode turns on automatically when the rotor speed is 
above 90% NR. The synchronous 1R vibration 
magnitude and phase were extracted from an SOD 
measurement with 40 revs of averaged data. 
 

Description of Testing 
The general test plan for the continuous rotor 

smoothing vibration measurements involved flying the 
aircraft in the typical steady-state manual acquisition 
flight regimes followed by aggressive maneuver flight 
regimes. During the steady-state manual flight regimes 
the data was collected when the pilot or co-pilot presses 
the DO button. During the entire flight the background 
monitor mode was collecting the synchronous data 
every 30 seconds. If a manual mode measurement and a 
monitor mode measurement are triggered at the same 
time, the manual mode takes precedent and the monitor 
measurement is suspended until the manual mode has 
completed the measurement. 

Three aircraft were tested for continuous rotor 
smoothing at the South Carolina Army National Guard 
(SCARNG). The first two were Apache AH-64A 
aircraft and the third was a UH-60L aircraft. This paper 
presents the results from one AH-64A and one UH-60L. 
The two Apache aircraft had similar results. The test 
sequence for the aircraft is listed in Tables 4 and 5 as 
hand recorded by the pilot/copilot. 
 



 

Table 4 – AH-64A Aircraft 1 Test Sequence 

Time From 
Start 

Maneuver 

0:12:50 Manual - FPG100 
0:13:40 Manual - Hover 
0:14:40 Manual - 60Kts 
0:15:40 Manual - 80Kts 
0:16:40 Manual – 100Kts 
0:17:30 Manual – 120Kts 
0:18:45 Manual - 140Kts 
0:19:00 360 degree left turn 
0:20:30 360 degree right turn 
0:22:10 HighLow G 
0:23:10 VH 
0:26:40 Right Turn 
0:31:10 Decel 
0:32:20 Accel 
0:32:40 Land 

Table 5 – UH-60 Test Sequence 

Time from 
Start 

Maneuver 

0:09:25 Manual – Tail 
0:16:25 Manual - FPG100 
0:19:24 Manual - Hover 
0:21:14 Manual - 80K 
0:23:25 Manual - 120K 
0:23:55 Manual - 145K 
0:25:25 400 foot Hover 
0:26:33 80 KTS Landing Approach 
0:28:00 60 KIAS Landing Approach 
0:28:56 Touchdown 
0:30:59 Takeoff 
0:32:20 Downwind 100 KIAS 
0:37:28 Base 80 KIAS 200 ft Descent 
0:39:55 Hover climb to 400 foot 
0:40:50 180 degree turn at 400 foot 
0:45:41 5 foot Hover 
0:46:06 Slow Accel to 120 KIAS 
0:52:25 Left 360 degree turn with 60 

degree bank angle 
0:53:21 right 360 degree turn with 60 

degree bank angle 
0:56:15 HiLow G (Nose up 15 degrees, 

airspeed decrease from 120K to 
80K, then push over (-2.5 G) to 
160KIAS dive) 

0:57:00 30 to 60 degrees left and right 
abrupt turns 

1:07:55 Shutdown 

Sample Results 
In this section, 1R vibration results and 

recommended rotor adjustments for manually and 
continuously acquired data are presented. Traditionally 
for purposes of rotor smoothing, vibration magnitude, x, 
is measured in units of inches per second (IPS) and 
phase, φ, is measured in degrees, referenced to a fixed 
magnetic striker. However, it is cumbersome to 
determine statistical properties of the data when phase is 
measured in degrees. So in this paper, phase and 
magnitude have been translated to real and imaginary 
units in IPS, where 

 
sin
cos

x
x

φ
φ

ℜ =
ℑ =

 (1) 

 
AH-64A Apache Flight Data 

The lateral vibrations are shown in Figure 1Figure  
and the vertical vibrations are shown in Figure 2. In 
each plot the time history is shown on the top, with real 
values plotted on the left y-scale and imaginary values 
plotted on the right y-scale. A polar chart is shown on 
the bottom, with Army established vibration goals 
shown as a dashed circle. 
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b) Polar Plot 
 

Figure 1 – AH-64A Monitor Mode Lateral 
Vibrations 



 

The manually acquired data points are also shown. 
For the Apache lateral vibrations are only acquired in 
FPG100 and Hover flight conditions and vertical 
vibrations are only acquired in forward flight 
conditions. 

In Figure 1Figure , the average real, ℜ , and 
imaginary, ℑ , values for the monitor mode Lateral data 
are 0.068 and 0.100 IPS. The standard deviations are 
0.044 and 0.041 IPS respectfully. In general, the Lateral 
vibrations do not change significantly over the length of 
the flight. The Lateral vibrations are almost all within 
the overall goal of 0.20 IPS. The data acquired in 
monitor mode is tightly grouped and also correlates well 
with the two manually acquired data points, which 
actually appear to bound the data with respect to phase 
angle. 

In Figure 2, the average real, ℜ , and imaginary, 
ℑ , values for the monitor mode Vertical data are -0.166 
and -0.034 IPS. The standard deviations are 0.169 and 
0.183 IPS. It is readily apparent that there is a wide 
spread in the Vertical data during the flight. The 
Vertical vibration goal is 0.30 IPS. Much of the monitor 

mode data is over this goal, as are the 100K, 120K and 
140K manually acquired data points. The 140K 
vibration magnitude of 0.90 IPS is significant and 
would be very fatiguing to the flight crew and may 
increase damage rate for aircraft components. Although 
there is a large spread in the data throughout the flight, 
the monitor mode data does is again fairly well bounded 
by the manually acquired data points. 
 
AH-64A Apache Rotor Smoothing Results 

The rotor smoothing results were first evaluated 
using the standard manual steady state acquisitions and 
comparing the results to a composite Monitor Mode 
rotor smoothing adjustment. For the steady state data 
the AH-64A default VMEP solution called for one 
adjustment with measured and predicted vibrations as 
shown in Table 6. 
 
Table 6 – AH-64A Default Rotor Smoothing Solution 

Default Adjustment - +0.5 Degrees Tab 4-10 
Blade 3 
State Sensor Measured 

IPS 
Predict 
IPS 

Goal 

FPG100 Lat 0.18 0.18 0.20 
Hover Lat 0.13 0.08 0.20 
60K Vert 0.16 0.04 0.30 
80K Vert 0.25 0.13 0.30 
100K Vert 0.38 0.19 0.30 
120K Vert 0.52 0.35 0.30 
140K Vert 0.90 0.30 0.30 

 
It can be seen that the default solution does a good 

job of reducing the vibrations with only one adjustment. 
However, the 120K and 140K are predicted to still be 
above the goal. The VMEP system has a weighting 
algorithm that tries to minimize the number of 
adjustments to ease the workload on the maintainer and 
reduce the chances of adjustments being put in with 
error. A user selectable option to find a solution that 
puts all vibrations under goal can be selected. Table 7 
shows the results from this “Resolve to Limits” option. 

Table 7 - AH-64A Resolve to Limits Solution 

Resolve to Limits Adjustment - -0.5 Degrees 
Tab 8-10 Blade 2, + 1.0 Degree Tab 8-10 Blade 
3. 
State Sensor Measured 

IPS 
Predict 
IPS 

Goal 

FPG100 Lat 0.18 0.18 0.20 
Hover Lat 0.13 0.10 0.20 
60K Vert 0.16 0.15 0.30 
80K Vert 0.25 0.25 0.30 
100K Vert 0.38 0.03 0.30 
120K Vert 0.52 0.06 0.30 
140K Vert 0.90 0.28 0.30 
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Figure 2. AH-64A Vertical 1R Vibration 



 

The approach to use the monitor mode data to 
calculate a rotor smoothing adjustment involves first 
calculating a composite vibration measurement then 
calculating a composite influence coefficient, and 
simply using the two values to calculate a rotor 
adjustment. An influence coefficient α is defined in (2) 
and is used as a standard method in the Least-Squares 
rotor track and balance algorithm where ∆Vib is the 
vector change in vibration due to a change in Weight, 
Pitch Link or Tab (∆Adjustment). 

 
 α =∆Vib/∆Adjustment (2) 
 

The evaluation of the flight data from the AH-64A 
shows that the Lateral vibrations are all within goals 
while the Vertical vibrations are well above the goals. 
For this reason the Vertical vibrations were used in the 
composite solution. To select a value to use, the 
statistical results were evaluated. Figure 3 shows the 
histogram of the Vertical vibration amplitudes and 
Figure 4 shows the histogram of the Vertical vibration 
phases. 
 

Histogram

0

1

2

3

4

5

6

7

8

9

0.0
0

0.0
5

0.1
0

0.1
5

0.2
0

0.2
5

0.3
0

0.3
5

0.4
0

0.4
5

0.5
0

Magnitude (IPS)

O
cc

ur
re

nc
es

 
Figure 3 - AH-64A Vertical Magnitude Histogram 

The composite value selected using the histogram 
approach is 0.18 IPS at 270 degrees. The average value 
is 0.24 IPS at 205 degrees. 

The influence coefficients (α) for the AH-64A are 
well established for the basis to calculate adjustments to 
Army aircraft. Since the AH-64A tested had controlled 
Lateral vibrations and high Vertical vibrations, just the 
Pitch Link and Tab coefficients were used. The phase 
angles from the Pitch Link coefficient did not change 
more than 10% over the flight conditions, so a phase 
angle was chosen closest to 120K. The amplitude of the 
composite coefficient was chosen based on the most 
conservative criteria (one that would result in the 
smallest adjustment). For the composite Tab coefficient 

the same criteria was applied. The Tab pocket selection 
was 8-10 based on using the smallest, most conservative 
adjustment. 
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Figure 4 - AH-64A Vertical Phase Histogram 

 
Table 8 – AH-64A Composite Coefficients 

Adjustment Magnitude Phase 
Pitch link 0.224 240 
Tab 8-10 0.689 266 

 
Using equation (2) the adjustments calculated using 

the average vibration levels and the composite 
coefficients were 1.07 flat Pitch Link Down at 326 
degrees or 0.34 degrees Tab 8-10 Down at 298 degrees. 
These solutions are quantized and mapped onto blades 
with the following possible adjustments: 
 
• Pitch Link - 1 flat up on Blade 3 
• Tab 8-10 – 0.5 degrees up on Blade 3 
 

These solutions were entered into the PC-GBS to 
evaluate the predicted vibrations from the steady state 
data. Table 9 shows the Pitch Link adjustment and 
Table 10 shows the Tab adjustment. 

Table 9 - AH-64A Composite Rotor Smoothing 
Solution – Pitch Link Only 

Composite Adjustment - +1 Flat on Blade 3 
State Sensor Measured 

IPS 
Predict 
IPS 

Goal 

FPG100 Lat 0.18 0.15 0.20 
Hover Lat 0.13 0.07 0.20 
60K Vert 0.16 0.14 0.30 
80K Vert 0.25 0.17 0.30 
100K Vert 0.38 0.29 0.30 
120K Vert 0.52 0.39 0.30 
140K Vert 0.90 0.68 0.30 



 

 
Table 10 – AH-64A Composite Rotor Smoothing 

Solution – Tab Bend Only 

Composite Adjustment - +0.5 Degree 8-10 on 
Blade 3 
State Sensor Measured 

IPS 
Predict 
IPS 

Goal 

FPG100 Lat 0.18 0.18 0.20 
Hover Lat 0.13 0.12 0.20 
60K Vert 0.16 0.10 0.30 
80K Vert 0.25 0.10 0.30 
100K Vert 0.38 0.24 0.30 
120K Vert 0.52 0.36 0.30 
140K Vert 0.90 0.64 0.30 

 
It can be seen that the two solutions have roughly 

the same amount of predicted vibration reduction. 
Therefore the option can be presented to the user with 
the Tab solution probably the one selected because of 
the relative ease when compared to the Pitch Link. Both 
adjustments are not large, but have the result of overall 
improvement across all states. In effect, we are moving 
the “blob” of points shown in Figure 2 closer to the 
center with small adjustments. 
 
UH-60L Blackhawk Flight Data 

The roll/lateral (A-B) vibrations are shown in 
Figure 5 and the vertical (A+B) vibrations are shown in 
Figure 6. In each plot the time history is shown on the 
top, with real values plotted on the left y-scale and 
imaginary values plotted on the right y-scale. A polar 
chart is shown on the bottom, with Army established 
vibration goals shown as a dashed circle. The manually 
acquired data points are also shown. For the Blackhawk, 
lateral vibrations are acquired in all flight conditions 
and while vertical vibrations are acquired for all flight 
conditions except FPG100. 

In Figure 5, the average real, ℜ , and imaginary, 
ℑ , values for the monitor mode A-B data are 0.006 and 
-0.035 IPS. The standard deviations are 0.029 and 0.048 
IPS. The lateral vibrations for this aircraft are all below 
the limit of 0.2 IPS. The time series are all relatively 
constant, showing that the phase and amplitude are 
grouped tightly together. The manually acquired data 
compares well with the monitor mode data.  

In Figure 6, Vertical vibrations show greater 
variation in both phase and amplitude. The 145K data 
point, along with a few monitor mode data points, are 
greater than the allowed goal of 0.25 IPS. Also note that 
as flight speed increases, the vibration amplitudes 
become larger. 

 

 
 
UH-60 Blackhawk Rotor Smoothing Results 

The default rotor smoothing results using the 
manual steady state acquisitions is shown in Table 11. 
 

Table 11 –  UH-60L Default Rotor Smoothing 
Solution 

Default Adjustment - -6 Mils Tab Yellow Blade, 
+2 Mils Tab Blue Blade 
State Sensor Measured 

IPS 
Predict 
IPS 

Goal 

FPG100 A-B 0.06 0.04 0.20 
Hover A-B 0.05 0.04 0.20 
80K A-B 0.02 0.05 0.20 
120K A-B 0.02 0.04 0.20 
145K A-B 0.11 0.06 0.20 
Hover A+B 0.01 0.02 0.25 
80K A+B 0.10 0.02 0.25 
120K A+B 0.14 0.04 0.25 
145K A+B 0.32 0.10 0.25 
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Figure 5  UH-60L Lateral (A-B) 1R Vibration 



 

The default VMEP solution does a good job in 
reducing all vibrations to below goal with the tab bends 
on two blades. 

The same method used to create a composite 
coefficient and composite vibration value described for 
the AH-64A above was used on the  UH-60. The values 
used for the calculations are as follows: 
 
• Ave A+B is 0.10 IPS at 191 degrees 
• Peak in histogram A+B is 0.18 IPS at 225 degrees 
• Composite Pitch Link coef is 0.066 at 190 degrees 
• Composite Tab coefficient is 0.053 at 191 degrees 
 

Using these input values and mapping the resultant 
solutions onto the blades, the following adjustments 
were calculated: 
 
• Pitch Link - 2 notch up on Red Blade 
• Tab – 2.0 Mils up on Red Blade 

 
These solutions were entered into the PC-GBS to 

evaluate the predicted vibrations from the steady state 
data. Table 12 shows the Pitch Link adjustment and 
Table 13 shows the Tab adjustment. 
 

Table 12 – UH-60L Composite Pitch Link Only 
Rotor Smoothing Solution 

Composite Adjustment - +2 Notch Pitch Link on 
Red Blade 
State Sensor Measured 

IPS 
Predict 
IPS 

Goal 

FPG100 A-B 0.06 0.11 0.20 
Hover A-B 0.05 0.09 0.20 
80K A-B 0.02 0.08 0.20 
120K A-B 0.02 0.08 0.20 
145K A-B 0.11 0.07 0.20 
Hover A+B 0.01 0.01 0.25 
80K A+B 0.10 0.06 0.25 
120K A+B 0.14 0.09 0.25 
145K A+B 0.32 0.16 0.25 

 
 

Table 13 – UH-60L Composite Tab Only Rotor 
Smoothing Solution 

Composite Adjustment - +2 Mils Tab on Red 
Blade 
State Sensor Measured 

IPS 
Predict 
IPS 

Goal 

FPG100 A-B 0.06 0.04 0.20 
Hover A-B 0.05 0.04 0.20 
80K A-B 0.02 0.03 0.20 
120K A-B 0.02 0.03 0.20 
145K A-B 0.11 0.10 0.20 
Hover A+B 0.01 0.01 0.25 
80K A+B 0.10 0.07 0.25 
120K A+B 0.14 0.09 0.25 
145K A+B 0.32 0.24 0.25 
 
Upon evaluation of the two solutions it can be seen 

that both will reduce the vibrations to within goals. The 
Pitch Link has the effect of increasing the A-B slightly 
but helping the 145K A+B more than the Tab 
adjustment. Just like the AH-64 the relative ease of the 
Tab bend over the Pitch Link adjustment would be 
taken into account. 

 
Conclusions 

 
Three aircraft were tested with manual data 

collection and continuous data collection. The 
continuous data collection demonstrated promising 
results for rotor smoothing adjustments. With 
continuous data collection rotor smoothing data can be 
collected on every flight without pilot input or using 
regime recognition instrumentation and algorithms. 

Although there was some scatter in the continuous 
vibration data, the resulting rotor smoothing 
adjustments reduced the vibration in the examples 
presented in this paper. Future testing is needed to 
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Figure 6 - UH-60L Vertical (A+B) 1R Vibration 



 

further refine and implement monitor mode adjustments 
and see if aircraft can be kept smooth. 

The continuous data collection method for rotor 
smoothing may be an excellent technique for keeping 
aircraft smooth where they fly the most. The traditional 
process of manual acquisitions may still be required 
when an aircraft comes out of phase maintenance or if a 
significant change in main rotor equipment occurs. 
After the aircraft is in service the small tweaks offered 
from the continuous data collection method will keep 
the aircraft smooth and will reduce maintenance costs 
by eliminating in-between-phase dedicated maintenance 
test flights for vibration write-ups. This approach will 
enable an option for a low cost HUMS where regime 
parameters are not available, or may prove that regime 
recognition is not required for rotor smoothing. 
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