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Pericyclic Transmission Design Counterbalance Method
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components: the input shaft which (N1) (N4)
drives power into the pericyclic
motion converter (PMC) gear, and
meshes with the stationary reaction

control member (RCM) gear and

In an effort to reduce the dynamic moment’s
impact on design of the pericyclic transmission,
counterbalancing the PMC was investigated as a Requirements
means of eliminating it. When the equation
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) - defining the dynamic moment was set to zero
drives power out of the system 1. Input Shaft (above) and inertial equations for a hollow "
through .the. output  gear. -'Ijhe cylinder were inserted, certain requirements were cos(fB) = >
transmlssmn 'S Fapablg Of providing found (right). An additional cylinder body was
very h'gh reductlor? ratios in gompact added to the PMC to alter its mass moment of Egl
forms W'th small differences in tooth inertia sufficiently to negate the dynamic moment. Nz 2
numbg)r.wa: 1 This was possible for a select range of nutation
L Bearings angles which can be seen below.
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the nutation angle B that the PMC sits | ss\\x.,"(NZ&N3) > ) |_ _____ N/ ___l
offset from the input rotation axis. The first I 40! ° | s\ Z |
tradeoff is increased nutation angle | "o, ] ,x/y AN |
increases static tooth loads and decreases | | 20l °°°°nn,,%% N [ ;7 I \ |
static bearing loads. This is due to fewer | "93929090p999°” } i ' AN :
teeth being in contact at high nutation : . | | | [peofeeesse | V/ "‘.\ |
angles and the effective lever arm the | 0 10 20 30 A0 suopo-holding counterbalafce L ~_.. |
bearing loads act at becoming more | Nutation Angle (deg) with negligible additional mass |
effective. Increased nutation angle also i
flattens out PMC gear pitch cones. This . .
leads to reduced size and weight of the : Bearlng Load AnalVSls
PMC and overall transmission. An |
?gi'::ggz:oiesilfnitzsiiipognghnispecglgycélg lt A dual PMC perigyclic drive static model was.developed that took iqto
mirrored to form a dual PMC pericyclic. E accounjc gyroscopic mome.nts to evaluate _bearlng Iqads across the entl're
This leads to some loads on the input shaft % 1 transmission. Thg model mclude_d 8 bea.rlongs reactlng.to radial and a>.<|al
and output body to be balanced Pitch Cone Apex \| loads whp's spacing and approximate sizing were adjusted as nutation
'’ Coincidence Point i angle varied. Then the counterbalance tool was added to the solver to

decreasing peak loading and improving

transmission life. Pitch Cones Diagram Showing
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alter the mass moment of inertia of the PMCs and diminish the dynamic
moment. Bearing loads were then recalculated with the new PMC mass
and respective loads. With operating loads and speeds known, bearings
were selected to provide a total transmission mass estimate.
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Due to the PMC gear’s rotational

and nutational motion a gyroscopic M2

Design RCM1
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moment is generated. This _
gyroscopic moment is translated to Ezggd'on 40-1
radial loads on the PMC bearings,
and at high input speeds can be il 20
Gyroscopic much greater than static radial N2 75 INPUT SHAFT
loads. In rotorcraft applications, the N3 78
Moment pericyclic would have input speeds N4 32
in the 1000’s of RPM making the Input 1 000 HP
gyroscopic moment the primary Power ’
driver of bearing loads. This forces Input
bearings to be larger and increases Sr?eed L
transmission weight. Design case : :

details and resultant dynamic and

Direction of Gyroscopic Moment : ) :
Generated by PMC static moments varying nutation

angle can be found below.
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Design —— ~Dynamic Moment . .
Variable N M —— Static Moment | | This work showed that when dynamic

_________ e moments generated by the PMC are of grave

Reduction Ratio 40:1 vl T , _ ) . e
N1 = 107 / \ ] concern to a particular pericyclic design, it is

3 ] possible to use a counterbalance to negate the
N i 5 ~ 34 orders of ! dynamic moment for a weight penalty. Future
N3 81 = 10° magnitude : efforts are focused on aiding a team at The
N4 80 : ' Pennsylvania State University in design and
Input Power 1,000 HP = | _ fabrication of a 50 horsepower pericyclic drive.
Input Speed 12,000 RPM 105 : It will eventually be tested at NASA Glenn

research center on the variable speed drives
Design Criteria of Pericyclic Drive for test stand to examine contact patterns under
Use in Rotorcraft with Resulting 4 | | | | | load, kinematics, vibrations, and performance.
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Nutation Angle (deg) of the drive at very high reduction ratios

exceeding 500:1 for aerospace applications.
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