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Purpose: To develop a quality assurance(QA) methodologyfor prospectivemechanical
maintenance of multi -leafcollimator(MLC) leaf positioning motors.

Method and Materials: Pulsewidth modulation(PWM) analysis wasusedto assessthe
currentperformance status of the MLC leaf positioning motors for three medicallinear
accelerators in our clinic. PWM is a software diagnostic tool available as a built-in
componentof the linear accelerator MLC controller computer interface(Varian Medical
Systems, Inc. Palo Al to, CA). PWM probesthe operational status of eachMLC leaf
motor by sending direct current (DC) pulsesdirectly to the motor windingsuntil each
motor drives its individual leaf2.0[mm] beyondfour initial setpositions. The DC pulse
widths are incrementally increasedby 2[ms] from an initial duration of 2[ms] to the
lengthrequiredfor 2.0[mm] of MLC leaf displacement beyondthefour setpositions. The
PWM values are stored for eachposition. Statistical process control (SPC) principles
were applied to the data to establish processbehaviorcharacteristics. SPClimits were
then appliedto the PWM dataand individual leaf performancestatuseswere analyzed.
Our accelerator engineerserviced theMLC motors performing outsideof the PWM SPC
limits. ThePWM analyseswererepeated andcomparedwith thepreviousresults.

Results: The establishedSPC limi ts for PWM averageand range were 10[ms] and
3[ms], respectively. Two MLC motors (corresponding to MLC leaves25 and 26) on
carriage bank B were performing well beyond the calculated SPC limi ts. The
corresponding motors wereinvestigatedand found to have brokenmotordrive hardware.
Themotorsin questionperformedwithin SPClimits after reanalysis.

Conclusion: PWM analysisfor MLC mechanical QA required lessthan 5 minutesfor
dataacquisition and washighly effective in diagnosingan MLC mechanicalmalfunction
aspartof a routine monthly QA procedure.


