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

DICHROIC MECHANISM DESIGNDOCUMENT: XMM-OM/MSSL/SP/0038.03 25-Aug-99

A TECHNICAL DESCRIPTION OF THE DICHROIC MECHANISM (XMM-OM)

(Assy. drg. no. A1/5229/302)

IntroductionThe dichroic behaves as a beam steering mirror for the blue beam,directing it to one of the two blue detectors, while transmitting redlight along the main optical axis (with a small refractive shift) to thered detector system. The two blue axes are at right angles to the mainoptical axis, and are diametrically opposite one another. Variousmechanical configurations have been considered, but opticalrequirements have led to a design in which the axis of rotation of themechanism is coincident with the main optical axis. The mechanismtherefore has to rotate through 180� from one blue system to the other,and the front dichroic surface is set at 45� to the axis of rotation. Anextra optical element, which belongs to the red focal reducer system,has been added to the rear surface of the rotating dichroic assembly. Note : At a late stage, the red detector system was dropped from thedesign along with the extra optical element and the dichroic waschanged to a beam steering mirror.The device should therefore now be considered to be a beam steeringmechanism, and all references to dichroic should be understood to meanbeam steering mirror.

Specificationa) After movement, the mechanism will locate the beam to an accuracyof 500 mm on the blue detector.b) The mechanism must not cause the beam to wander by more than1mm on the blue detector. c) The mechanism is part of a redundant blue system and is intended tooperate only once in space, to change from the primary blue detector tothe redundant one. It will be designed and tested assuming two hundredcomplete cycles in air, two hundred in vacuum on the ground and tencycles in space.d) The mechanism could be used only once and that could be towardsthe end of its ten years in space.

General descriptionThe dichroic element is mounted at 45� on one end of a tubular �shaft�as shown in figure 1. The red optical element is mounted in the otherend of the shaft (no longer part of the design). This assembly issuspended in a pair of large diameter, thin section bearings, and isdriven through an integral gear ring by a pinion mounted on a layshaftextension of a size 11, 4 phase, 90� stepping motor.Because of the steadiness required for the rotor position, it wasconsidered that positive stops were the only possible positioningdevice. This meant that the rotor would have to turn through 180� inboth directions. Extra magnetic detents are provided on the rotor topull it firmly on to the stops.No position monitor is used.

RotorThe rotor is tubular and made from aluminium alloy 6082. The dichroicis mounted, without provision for adjustment, on its angled face. Thesix degrees of freedom of the dichroic are removed by six carefullyplaced pads, and it is held in place by three spring loaded clamps. Themirror is located with only a very small clearance by adjustable stops.During vibration the mirror is allowed to rattle within the smallclearance. In space some light springs in the clamps return the mirrorto its required position, without causing undue distortion. The optical element belonging to the red focal reducer (no longer partof the design) is mounted in its own cell, which is then attached to theend of the rotor.

BearingsThe bearings used are purpose built by SNFA for the volume availableand for space use. They are based on standard thin section deep groovebearings, but have raceway depths as thick as the structure will allow.This maximises the resistance of the raceways to distortion by thealuminium alloy housings. Covers are fitted to both sides of the races. The bearings have duroid cages which snap in and are therefore similarin their lubrication characteristics to Bartemp bearings. SNFA are familiar with the space bearing requirements and practices of ESTLRisley, and ESTL was consulted by MSSL about the bearing design andcharacteristics.All of the raceways apart from the outer one at the rear end are axiallyclamped. An axial spring load of 50 N is applied to the remaining one totake up the small internal clearance of the bearings. This load wasdetermined by ESTL to be suitable for the dry lubricated regime.During vibration the radial inertial loads of the rotor are sharedbetween the two bearings, but the axial load is carried by the frontbearing alone. With such large bearings however the inertial loads, evenat 100g, are less than a fifteenth of their static capacity.There is a problem with providing for differential thermal expansionover the full temperature range, and for reasonable manufacturingtolerances in the bearing housings. Either the bearings must be radiallystrained in some circumstances, or clearances (leading to opticalerrors) must be accepted. It has been decided to dimension the bearinghousings to minimise clearances and accept some radial strain, using alimited design temperature range of 10�C to 30�C. The radial strainenvisaged is a small part of the radial clearance of the bearings. It is for the above reasons that maximum bending and compressionstiffness has been incorporated into the raceways.

GearsThe rotor gear is cut from aluminium alloy 6082, and it is surfacehardened by anodising. The drive pinion is made of stainless steel toBS970 321 S31. The gear ratio is 14.5 :1.The pinion is on the end of a layshaft supported in a pair of smallBartemp bearings. The layshaft is connected to the motor shaft by asplined sleeve. This arrangement is used because it was found to beimpossible to place the motor closer to the rotor gear. All gear teeth are sputter coated with molybdenum disulphide (MoS2)

MotorThe drive motor is a size 11, four phase, 90� stepping motor made by

Norcroft Dynamics Ltd. Redundant windings are included.An upper value for the mean friction torque of the bearings with thepreviously specified preload is estimated to be 1.7 mNm at the wheel.The holding torque of the motor is 6 mNm (87 mNm at the wheel).Because the motor is used infrequently, it will be driven slowly enoughfor inertial effects to be negligible. A drive frequency of 2Hz isspecified.

Position determinationThe system is traversed from one position to the other in open loop, bypulse counting. The final step overdrives the rotor to its stop and it islightly held there by the force from a magnet built into an adjustablestop-like feature adjacent to the hard stop. The magnetic detent force(about 300 mN, giving a detent torque of about 12 mNm at the wheel)will be set by adjusting the air gap between the magnetic elements.There is no harm in overdriving the system against the stop, but thefinal step must be applied in the appropriate phase.

Positional adjustmentThe mechanical stops are screws in locking helicoil inserts in the fixedhousing, which limit the movement of a protuberance on the rotor. Thestops can be simply adjusted to give the appropriate blue beamalignments and then left. After any adjustment of a mechanical stop,the air gap in the adjacent magnetic detent must also be adjusted.

E l e c t r i c a l A connector for the motor supplies is provided on a bracket on themotor mounting plate. The motor is to be wired in with the commonconnections to the negative of the power source.