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generic manner.  This evidence clearly demonstrates that the mark “harmonic 

drive” is generic and therefore invalid.   

 

IV. CONCLUSION 

 As set forth above, Opposer NAC establishes that the term 

“harmonic drive” is a type of gear drive widely used throughout the industry 

and does not uniquely identify products offered under the mark “harmonic 

drive” or as originating with Applicant Harmonic Drive LLC.  Accordingly, 

Opposer respectfully requests the Board to grant the instant motion on the 

ground of genericness. 

  

Respectfully submitted,  

Law Firm of Michael J. Feigin, Esq. 

 

Dated: 12/9/2009    By:       

Michael J. Feigin, Esq. 

Attorney for Opposer 
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Sci-Tech Dictionary: harmonic drive

(här′män�ik ′drīv)

(mechanical engineering) A drive system that uses inner and outer gear bands to provide smooth motion.
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Main
machine component

mechanical speed-changing device, invented in the 1950s, that operates on a different principle from, and has capabilities beyond the scope of, conventional

Harmonic Drive (machine component) -- Britannica Online... http://www.britannica.com/EBchecked/topic/255508/Ha...

1 of 5 11/17/2009 12:02 PM



speed changers. It consists of a thin ring that deflects elastically as it rolls on the inside of a slightly larger rigid circular ring.

The three elements of the basic Harmonic Drive are shown in the . The circular spline has internal teeth that mesh with

external teeth on the flexspline. The flexspline has fewer teeth and consequently a smaller effective diameter than the circular

spline. The wave generator is a link with two rollers that rotates within the flexspline, causing it to mesh with the circular spline

progressively at diametrically opposite points. If the wave generator (the input) rotates clockwise while the circular spline is fixed,

the flexspline (the output) will rotate or roll around on the inside of the circular spline at a much slower rate in a counterclockwise

direction.

Figure

The ratio of the input speed to the output speed depends on the difference in the number of teeth in the circular spline and in the flexspline. Speed ratios as

high as 320 to 1 can be produced in single-reduction Harmonic Drives that are lighter, smaller, and more efficient than conventional high-ratio drives.

Compound drives can produce ratios as high as 1,000,000 to 1. Either the circular spline, the flexspline, or the wave generator may be fixed while the other

two elements serve as input and output.

A unique and useful characteristic of the Harmonic Drive is its ability to transmit motion through sealed walls. The flexspline teeth can be placed near the

centre of a long, hermetically sealed, flexible, cylindrical tube. The wave generator can be inside the tube and by its rotation deflect the flexspline and produce

a slow rotation of the encircling circular spline. A rotary-to-linear version of the Harmonic Drive uses a screw and moves the  in a 

 head without mechanical contact through a sealed tube. Harmonic Drives have been employed in a variety of applications that range from such

low-cost consumer applications as vending machines and rotating home-television antennas to sophisticated systems for military and aerospace use.
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 Accepted for publication Journal of Dynamic Systems, Measurements, and Control, ASME Publications. Modelling and Parameter Identi.cationofHarmonic Drive SystemsH!D! Taghirad and P!R! B-elangerCenter for Intelligent Machines1Department of Electrical Engineering1McGill University1 Montr:eal1 H<A >A?AbstractThe unique performance features of harmonic drives2 such as high gear ratiosand high torque capacities in a compact geometry2 justify their widespread indus7trial application2 especially in robotics: However2 harmonic drives can exhibit sur7prisingly more complex dynamic behavior than conventional gear transmissions: Inthis paper2 a systematic way to capture and rationalize the dynamic behavior ofthe harmonic drive systems is examined: Simple and accurate models for compli7ance2 hysteresis2 and friction are proposed2 and the model parameters are estimatedusing least@squares approximation for linear and nonlinear regression models: Astatistical measure of variation is deBned2 by which the reliability of the estimatedparameter for diCerent operating condition2 as well as the accuracy and integrity ofthe proposed model is quantiBed: Finally2 the model performance is assessed by asimulation verifying the experimental results on two diCerent harmonic drives: IntroductionSince its inception in )*++, the harmonic drive has found widespread acceptance amongpractitioners7 This mechanical transmission, occasionally called ;strain<wave gearing=,employs a continuous de>ection wave along a non"rigid gear to allow for gradual engage<ment of gear teeth7 Because of this unconventional gear<tooth meshing action, harmonic)



drives can deliver high reduction ratios in a very small package3 In fact6 the radical me7chanical operation of this gear train de8es conventional understanding of gear behaviourand creates a new arena for exploration and understanding3The harmonic drive exhibits performance features both superior and inferior to those ofconventional gear transmissions3 Its performance advantages include high torque capacity6concentric geometry6 lightweight and compact design6 near>zero backlash6 high e@ciency6and back drivability3 Harmonic drive systems suBer however6 from high Cexibility6 reso7nance vibration6 friction and structural damping nonlinearities3 The unique performancefeatures of the harmonic drive have captured the attention of designers in many 8elds3It has been used in industrial and space robots6 assembly equipment6 and measuring in7struments6 as well as heavy duty applications such as machine tools and printing presses3Additionally6 space and aircraft systems often employ harmonic drives for their light weightand compact geometry3Throughout its short existence6 the harmonic drive has enjoyed increasing internationalattention from designers as well as researchers3 The Russians were perhaps the 8rst whoinitiated substantial research on the dynamic behavior of harmonic drives GH6 IJK3More recently Tuttle and Seering performed an extensive eBort to model the stiBness6positioning accuracy6 gear tooth7meshing mechanism and friction of the harmonic drive GII6INK3 Their experimental observations show that the velocity response to step commands inmotor current are not only contaminated by serious vibration6 but also by unpredictablejumps3 The velocity response observations were used to guide the development of a seriesof models with increasing complexity to describe the harmonic drive behavior3 Their mostcomplex model involved kinematic error6 nonlinear stiBness6 and gear7tooth interface withfrictional losses3Kircanski and Goldenberg have also attempted to model the harmonic drive in detailGHNK3 They used the drive system in contact with a stiB environment6 in contrast tounrestrained motion experiments used by Tuttle and Seering GINK6 and illustrated that inthis case nonlinear stiBness6 hysteresis and friction are more tractable3 Simple models forsoft7windup6 hysteresis6 and friction were proposed and the parameters were identi8ed byrestrained motion experiments3Hsia GHHK6 Legnani GHJK6 Marilier GHRK6 and SeyBerth GHSK are among others who at7tempted to model the stiBness6 friction6 and position accuracy of harmonic drive systems3All these researchers noted the inherent di@culties in 8nding an accurate model for thesystem3 I



In this paper a moderately complete model of harmonic drive system is developed2Restrained and unrestrained motion experiments are use to identify the model parametersand illustrate the 6delity of the model for two di8erent types of harmonic drive systems2It is shown that a linear sti8ness model for sti8ness combined with a velocity dependentstructural damping model can replicate the hysteresis torsion curve of the system compli;ance2 The frictional losses of the transmission have been modelled using Coulomb friction>viscous damping and Stribeck friction2 Both high speed> and low speed friction termshave been identi6ed using unrestrained and restrained motion experiments respectively2Finally> the simulation of the system> built in Simulink> has been used to verify the model6delity by experiments2 It has been veri6ed that the simulation accurately predicts therestrained and unrestrained experiments2 Experimental SetupTwo harmonic drive testing stations were used to monitor the behaviour of two di8erentharmonic drives2 A picture of those setups is illustrated in Figure D> in which the harmonicdrive is driven by a DC motor> and a load inertia is used to simulate the robot arm forunrestrained motion2 Also a positive locking system is designed such that the outputload can be locked to the ground for restrained motion experiments2 In the 6rst setup> abrushed DC motor from ElectroGCraft> model HIJ;HKL;LLM> is used2 Its weight is L2MJ Kg>with maximum rated torque of K2LH Nm> and torque constant of K2KHOM Nm$amp2 Theservo ampli6er is a OK Watts ElectroGCraft power amp model Max;LKK;LLH2 The harmonicdrive in this setup is from RHS series of HD systems model RHS;DK;LKK;CC;SP> with gearratio of LKKTL> and rated torque of OK Nm2 In the second setup the DC motor is a brushlessKollmorgen Inland motor> model RBE;KLHKM;AKK2 Its weight is OVH gr> with maximumrated torque of H(J Nm> and torque constant of K(LILH Nm$amp2 The servo ampli6er isa FAST Drive Kollmorgen> model FD LKKW HEL2 The harmonic drive is from CFS seriesof HD Systems> Inc2 with gear ratio LJKTL> and rated peak torque of LVI Nm2In the 6rst experimental setup> the circular spline is 6xed to the ground and the outputis carried by the Xexspline> while in the other setup> the Xexspline is 6xed and the circularspline is used for output rotation2 By this arrangement> the behavior of the transmissionunder di8erent operating con6gurations can be examined2 Each setup is equipped witha tachometer to measure the motor velocity> and an encoder on the load side to measurethe output position2 The output torque is measured by a Wheatstone bridge of strainM
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ERROR: undefined
OFFENDING COMMAND: get

STACK:

/quit 
-dictionary- 
-mark- 
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Mechanical Dimensions

CrissCross “+” Components 

Dimension Data 

Model A B C D E F G H I J K L M O P Q R W X Y

 (g7)    (H7)      (H7)       

25 40 29 25.5 14 10 6 3 9 12 14.6 2 7 6 34 3.5 M3 3 4 4 3

32 50 34 32.6 17 13 6 3 10 15 16 3 9.4 8 43 3.5 M3 3 4 5 3

40 60 42 40.7 24 18 7 4 11 18 19 3 11.4 10 51 4.5 M4 4 4 6 4

50 70 52 51 31 21 8 5 12 22 22 4 13.8 12 62 4.5 M4 4 4 8 4

Harmonic Driver X10 Crisscross”+” Component                       X14 Series 

Application

CNC Machine, Machine center, Robot, 

Spaceflight, War Industry, Artificial Limb

Complementary Products:

High reduction ratios with concentric shafts 

Very low backlash and vibration 
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