�XMM Optical MonitorMULLARD SPACE SCIENCE LABORATORYUNIVERSITY COLLEGE LONDON Author: Peter Sheather and Mary Carter

FILTER WHEEL MECHANISM DESIGNDOCUMENT: XMM-OM/MSSL/SP/0039.03 25-Aug-99

A TECHNICAL DESCRIPTION OF THE FILTER WHEEL MECHANISM (XMM-OM)

(Assy. drg. no. A1/5229/601)

IntroductionA filter wheel is required for each of the two blue systems, tointerpose any one of eleven optical elements between the dichroic andthe appropriate detector.

SpecificationThe following specification relates to the blue system.a) The transverse placement of the optical elements should berepeatable to –100 mm, and should be initially adjusted to –50 mm ofthe optical centre.b) The position of the optical elements along the optical axis should be–20 mm for the magnifier, but is less critical for the other elements.c) The transit time of the filter wheel from one optical element toanother should be no more than 5 seconds for the longest traverse.d) The system should be designed for 18,000 revolutions (i.e. 39,600five aperture operations) in orbit, preceded by 1,000 revolutions (i.e.2,200 five aperture operations) before launch. Note : It was later learnt that the mode of operation of the wheel wouldbe one aperture at a time.

General description The general arrangement of the filter wheel assembly is shown infigure 1. The eleven optical elements, each in its own mount, areequispaced around the wheel. The wheel is mounted in precision ballbearings, and has a gear cut on its periphery. It is driven by a pinion onthe motor shaft, with a ratio of exactly 11:1. Thus one revolution of themotor moves the wheel from one optical position to the next. The wheelis rotated in one direction only.Optical sensing on the motor and the wheel, enables the accuracy of thewheel position to be checked after each traverse, and for the datumposition to be checked on every complete revolution. The datum can also be reset if the position is for any reason lost.

WheelThe wheel material has been chosen to minimise the possibility ofdistortion due to locked in stresses and creep. The non heat treatablealuminium alloy 5083 has been selected, and this will be stabilised asnecessary during the fabrication process.The mounts for the optical components are located in bores in thewheel with a worst case transverse error of –25 mm. Provision is madeto adjust the position of the magnifier along the optical axis withshims.

BearingsThe wheel is mounted on Barden Bartemp deep groove instrumentbearings which have some history of space use. These are drylubricated by material deposited on to the balls from the Duroid cage.The bearings have covers on both sides, and the bearing enclosure hasfurther covers to minimise debris exchange in either direction. Two sizes are used. The larger (SR8 SS TB) is firmly clamped into thebore of the wheel, and onto the stub shaft. The smaller (SR6 SS TB) isclamped to the wheel but is free to slide on the shaft. The internalclearance of the bearings is taken up by a low rate coil spring exertingan axial force of 10 N on the free inner raceway. This force wasdetermined to be acceptable from an analysis by ESTL Risley.The axial vibration force, clearly exceeds this preload and the largerbearing has to support this force alone. The radial vibration forces areshared between the two bearings. The inertial force of the 0.762 kgwheel at 100g acceleration (considered a reasonable design figureallowing for resonant amplification) is 747 N. The larger bearing has astatic load capacity of 1023 N, and the radial capacities of the twobearings are 1543 N and 1081 N.There is a problem with the fit of the bearings in their housings and onthe shaft. The maximum clearance necessary to ensure that the bearingshells are not unduly radially strained, using reasonable manufacturingtolerances and over the design temperature range, is unacceptably largein terms of the specified positional accuracy. It has been decided thatthe design temperature range will have to be limited to 10�C to 30�C, and that some radial strain will have to be accepted. This is howevercomfortably within the 12mm radial clearance of the races. The bearingwhich must slide on the shaft must clearly have some clearance in allcircumstances, but this is easier to achieve on the smallest diameterin the system, and with materials of similar expansion coefficient.This sliding joint may be burnished or sputtered with MoS2.In order to avoid problems with bearing �blocking� by the cage, thewheel will be rotated in one direction only.

GearsThe material of the pinion is stainless steel to BS 970 321 S31. Thepinion is splined and axially clamped on to the motor shaft. The surface of the gear cut on the aluminium alloy wheel is hardened byanodising. The teeth of both the wheel and the pinion are sputter coatedwith molybdenum disulphide (MoS2).

MotorThe drive motor is a size 23, four phase, 200 step motor made byNorcroft Dynamics Ltd. Redundant windings are not included, becauseredundancy is provided by the second blue system. One step of themotor, with an 11:1 gear ratio gives a movement of 203 mm at theradius of the optical components. The positional resolution of themotor is expected to be better than 10% of a step, and the opticalelements should therefore be placed by the system to 20mm plus anallowance for gear backlash. The mean friction torque (upper limit 0.6 mNm) of the wheel isinsignificant compared with the available torque of the motor, and thedesign of the motor windings and power circuits is driven by inertialconsiderations (wheel inertia 0.006 kgm2 or 0.00005 kgm2 at themotor). Tests have been carried out to determine the limiting pull in and pullout speeds and acceleration of the system, using a wheel inertiaincreased by a total factor of 2.2 on nominal. A series resistor equal invalue to the winding resistance was used in the drive circuit, and thiswill be a standard flight feature, giving an approximation to a currentsourced drive. It was decided from these tests that the following drive parameters should be used, all of which are less than 67% of thecritical (synchronisation loss) values, even with the factored inertia. Pull in speed200HzAcceleration 2000Hz/sCruise speed420HzThis gives a traverse time over ten filters of 4.82 seconds.It is being recommended that alternative, slower, stepping rates can becommanded to overcome operational problems, such as step loss, shouldthey should arise.

SensorsThe wheel position will normally be determined in open loop mode bystep counting from a known datum position. The datum position is whenthe blank is placed in the blue beam.A system of position sensors is provided to relocate the datumposition, should it be lost, and to verify the wheel position after everytraverse. This system also confirms that the centre of any opticalelement has been found, although the element is not identified.A reflective infra red position sensor is fitted to the wheel whichgives a true output when the blank is within about –15� of its correctoperational position. The resolution required of this sensor is not great.A further infra red position sensor, this time used in transmissivemode, is fitted to the rear end of the motor. An occulting disk with asmall aperture, through which the sensor looks, is fitted to the rearextension of the motor shaft. This is used to determine the motorposition to a single step.If the two sensor outputs are true then the wheel must be in the datum(blank) position. If the motor sensor is true, but the wheel sensor false,then one of the other optical elements is in place. Which one, isdetermined from the step count. Various other operating methods arepossible in the case of sensor failure, and it may even be possible tolocate the wheel, albeit slowly, using the information from thedetector.

Positional adjustmentThe gearing backlash is determined by adjusters at the motor. Themotor casing is still free to rotate, and can be adjusted and locked toset the circumferential position of the optical elements. Radialadjustment of the optical elements is achieved by moving and lockingthe whole filter wheel assembly on its baseplate. The position of thefilters along the optical axis can be adjusted by shimming between thestub shaft and the baseplate, and an individual fine adjustment of themagnifier is made by shimming between its mount and the wheel.

Electrical Power supplies to the motor and sensors, and signals from the sensorswill be terminated at a 15 way connector mounted on the mainstructure beam. The motor is operated with negative commonconnections, and excited with phase order 4,3,2,1,4 etc. Datum phase isphase 1.