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FIG.1 ENCODER PRINCIPLE OF OPERATION




I MECHANICAL DETAILS

1.0

I

I.2

1.3

Introduction

The 35HA encoder is a high accuracy, rotary optical measurement instrument which can resolve
to 1.2 arc seconds, repeatable to 5 arc/sec and is accurate to 10 arc seconds. It is essential there-
fore when designing a system which uses this encoder to its full accuracy, that care is taken in the
mounting and driving of the device. The effects of thermal expansion, vibration and torsional
windup may otherwise falsify the final measurement. If the full resolution of the 35HA encoder is
to be used, then these effects are even more important.

Encoder Drive System

Care -must be taken to make the drive system torsionally stiff so that the torgue of the encoder
bearings of 100gm cms (1.40z ins) and the acceleration forces required by the inertial mass of
thé encoder and associated drive system do not cause significant wind up. It is recommended
that shafts should be at least 12mm (%/3") diameter and less than 100mm {4ins) long. Thick wall
tube of substantially larger diameter is to be preferred. The wind up due to the maximum bearing

torque, of 2 12mm shaft 100mm long is approximately 2 arc seconds.

Couplings

The drive should-be connected to the encoder by a compliant metal bellows coupling. This type of
coupling copes with-axial and angular misalignment, and should be fitted so that it does not load
the shaft by more than the values given in the specification:: PYF 900},

The torsional stiffness of bellows couplings is normally: specified and this allows the errors ex-
pected from the torsional loads to be predicted. The torsional stiffness can also be taken as a
guide to the errors that can be expected from coupling misalignment, errors that are unfortunately
not specified by bellows coupling manufacturers.

Wind up Error

It is adviseable to calculate the allowable compliance for each system, using the equations in
Table 1, the encoder torque and angular inertia, in conjunction with the likely maximum angular
acceleration and the bellows coupling data. Utilisation of the full resclution will normally mean
that the total compliance of the drive system and coupling should not exceed 0.6 arc secs/100g cm
{0.43 are sec/oz in) and the angular acceleration, assuming that the angular inertial of the encoder
is the main component, should not exceed 2 radians per secand per second. {95 rip.m. per second)
respectively: If higher angular accelerations are experienced when high aceuracy is required then
stiffness should be increased accordingly.

Table 1
Practical imperial Sl

Typical Parameters | metric units Maasure Units
Bearing Torque 100gem 1.4 oz ins .0098 NM {Newton metres)
Inertial mass 400 g cm? - 2.2 0z ins’ 40X10-° Kgm” (kitogram metres %)
Resolution Angte 1.2 arc seconds 00033 deg. 2.18 uR {micro radians)
Angular speed 60 r.p.m. 1r.ps. 6.3 RS~ {radians per sec)

i : 2
Angular acceler. 80 r.p.m.ps. 1rpsps. 6.3 RS-~ {radians persec”}
Compliance 1 arc sec/100 gm cms 0.71 arc secfoz in, 0.49 mR (NM} ! (milli radians

per Newton metra)
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1.4
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Equations {in S.1, units)

Wind up Torque (NM) = Inertial mass (Kg M?) X Angular acceleration (RS2 ) + Bearing torque (NM)
Wind up Angle (R) = Wind up Torque (NM) X Coupling and drive system compliance (R (NM}—')

Mounting the Encoder

The encoder should be fitted firmly to a rigid flat face. This shiould align the encoder shaft and the
rotational axis of the device to be measured within the limits'demanded by the bellows coupling.
To assist in this there are four flat mating surfaces square to the encoder shaft, at the fixing holes,
and a spigot diameter that is concentric to the shaft: See spe-cifi-::a'cion*’k for details. All mating
surfaces should be clean and flat at the time of assembly to prevent undue buckling of the encoder
structure.

In high accuracy systems, the encoder mounting is critical. :Unlike the drive system is is difficult
to predict the errors that are likely to result from the effects of témperature, vibration and shock
and it is therefore adviseable to make the mounting structure as stiff as possible.

Vibration and Shock

Vibration and shock cause errors in two ways. Firstly by creating a sideload on the bearings by
accelerating the mass supported by them. This mass is the sum of the bearing supported mass of
the encoder and the part of the system coupling supported by the bearings. This sideload may
cause the encoding disc to move inside the encoder relative to the reference sensors and cause
errors in reading that may lower the operational accuracy level of the encoder, see specification
and table 1 for permissible loads. Shock and excessive vibration can result in short term errors that
if severe will cause & “Type 0” error to be set in the output data which will clear after 256 encoder
cycles, approx 500 mS. {See TV 0.1).

The second source of error due to vibration is when the structural rigidity of either the encoder
mounting or-drive coupling is not adequate. Most problems are due 16 the lack of rigidity of the
mounting since the masses involved are higher and the attachment usually less direct.

It is adviseable to mount the encoder on a box structure sinde a plate attached by one or two
sides only can result in structural resonance. Resonances can be damped by the use of a compliant
but lossy material, such as rubber, in the mounting arrangement and can be prevented by using a
naturally“dead’” material such as cast ironorgranite. Twist of the drive coupling due to the shaft
oscillation is unlikely to cause errors since the coupling tends to isolate the encoder from the drive
but transverse flexing can change the load applied to the encoder bearings.

The best solution is to isolate the system from any source of vibration of shock.

Temperature Effects

The, materials wused in the structure should have the same coefficient of liriear eéxpansion; and
ideally that of the stainless steel of the encoder (11 p.p.m./2C). Differential expansion can cause
errors in two ways. Firstly it can cause rotation of the enicoder support or coupling, either diractly
or by redistributing the stress in the-structure. Secondly thermal cycling can cause creep of mating
surfaces which can change the relative position of the encader and the-drive system. The ideal
solution is to operate the equipment at a constant temperature

Summary

The precautions outlined above may appear difficult to meet, but it should be remembered that
they only apply when the full accuracy, repeatability and resolution of the encoder are required.

* Specification No. PYF 900
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