T,

3 8006 1005 7 PROD/JL/225606

CoA Meno. lfo. 139

—— e e 8 s

CRANFITLD HIGH PRECISION UNIVERSAL

MELSURING M/ CHINID

Q

ONTENTS

Page 1 INTRODUCTION
Page 2 SPECITICATION
Page 8 DESCRIPTION OF MACHINE

3
-

Page 11 TYPES COF MACEINES AND COMPCONENTDO



LITRODUCTICH

The extensive programrmme of resesarch undertaken by the Department
of Production and Indusirial Administration at the Ccllere of Acronautics,
Cranfield into Metrciogy and Precisicn I'ngineering has shown the need

fer a Very IHigh Precision, Very Jniversal Measuring Machine. Discussioas
with cther srganisations working on complesx problems in Tngincering
Dimensgicnal Metrology have coafirmed this view, Ia particular, very
valuable suggesticns have been made by senior officers from IN, PP, L.,
R.A.E, Farnbcrough, Inspectorate ¢i Ministry cf National Defence and
the Inspecticn Panel of the Gas Turbine Co-ordinating Committee.

The whele of the Jdata collected from: the above and cilier sources

vas analysed and an atternpt was made to nreparc a specification ior

rototype machine
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the iceal machine. A preliminary Jesign o
that appearcd Lo satisfy the above specification wac made and this was

discussed with most of the crganisations mentioned above. It appeared

Wt

that the development of a machine on e lines suggested would malie a

Ly
significant contribution to progress in Enginecering Dimensicnal Metrology
and counsideration was given (o possible methods of implementiag the

iy

scheme. An application warc cubmitted to the Science Rescarch Council

for a grant to undertake a detailed feasibility study iato the proposzls



which had emerged from the above leag and helpful discussions, A

grant was made by the Science Research Council and work based at
Cranficld has procecded vith the financial support provided by the
grant. The present report is designed to show the results
that have emerged from the above study and to indicate in come detail
the range of machines that could be made from the basic conccepts

sct cut in the original proposals,

SPECIFICATION

The following is a bricf outline of the specificaticn to which
the machine has beea ¢ ncd, It is anticipatcd that if all the
requirements in the specification are met, the overall measuring
accuracy of the machine will be that the indicated or recorded valuc
given by the machine will be within plus or minus 0.4 microns in

cach of the threc mutually perpendicular axes for parts embraced

in 2 500 mm (20") cube and half the above valuc in a 250 mm (10'")

1. The part undergoing inspection must be mecunted in 2 manner
that prevents movement in excess ¢f C.2 micron in any
directicn between tie frame formed by the ideal lings
along which the moving elements of thie rnachine operate

~
[}

and the work being mcasured,



Provision must be made for the part te be adjusted during
the setting up operation in the following rnanner:-
(i) termined datum faces on

r b i

allel to the X, ¥, or Z axes ot

tl:e machine,

(ii) Rotation of the part abeut a fized vertical axis in
a planc that is parallel tc the plane ferracd by the
P I 3

-

M and Y axes cof the machine.

Movemants of the racasuring prcbe in reiation to the work to

be mecasuraed to be nrovided as felicws: -~

&

(i) Aleng 31 2uds in 2 line that is enclesed within 2

length cf movement and half the above amcunt in
any 100 mm length of movement and half the above
amount in any 100 mm length of movement. I e
prototvpe model, to be built as a {casibility study,
the ¥ azxis to be 750 mms loag but the machine to
be designed so that this axis can be citended, vhen

required, up to a length of 10 meires on cther models.



(ii)

(iii)

(iv)

Y .

Along Y axis for a distance of 500 mms in a line that

~r -1

is in the same horizontal plane as the X axis and at

+ -
9C degrees -~ 1 sccond to that cxis and straight to
the same tolerance,
/lleng the Z and Z, axes for distances <f 250 +

L=

A2E0) - : 1 O + 1
250 mms in lines that arc at 90 degrces - 1 secend
to the plane formed by the 2 and Y axcs and straight
to the straightuess tolerance specified abeve,
Further requirements to be satisiied conceraing the

movement on the Zl and 7 Ne8 arar-

2

(2) £, to be 250 mms cf movement in a fixed
vertical slide and along the line that is enclosed
in a straight cnvelope 0,2 microa diameter,

(b) Z, to be 250 mms of movemeant by a circular
member capable of moving along a straight line
to the straightness tolerance specified abeve
and rotating about an axis that is contained
in a straight ¢ylinder 0.1 micron diamster.

(c) The above circular member (?.}2) to be provided

. 1 - 1 5 o ] .
with angular adjustment through 90 clockwisc



to 90 anti-clockwise in increments of 20 seconds

of arc about 2 horizonta
is parallel to .—'"_’.1 and ?LZ axzes and
+

> .
- 2 sccouds.

ITote: The whole of the above conditicns to be satlisfied when

e

the micasuring probe is in any of the positions specified

as within the design capacity of the machine.

&, Provision to be made for the cylindrical member on the "ZZ”
axis to be rotated in synchronisation vrith a circular cr strip
recording chart and when required t¢ be traversed in an axiz
direction ot o predetermined vate in relatica to the rate of rotaticn,

5., Friction in 21l directions for which motion igs provided to be small.
Coefficient of iricticn for very slow rates of motion to be less
than 0.0001, Movement along 2I, V7, 31 and Z2 axce to be made
vwhen required in increments <of 0, 2 micron.

6. Stifiness to be hiph in all dircctions cxcept direction of motion,

Te The machine to be provided by a measuring unit attached to the

lower ecnd of the spindle ‘orming the Zs axic and designed to

provide the fcliowing:-

(i) Digital readout ircm predetermined datum pcsitions.



(ii) Facility toc move to predetermined datum radius by

type dispiay or to provide recordings of errors of

roundness on polar co~crdinates on o circular chart

{4

r rectangular co-ordinates on a strin type recorder
and for inspection of mere complex parts.

(iv) Tacility to impulsc sutput recader (punched paper tape).

Movement along II, Y and Z zxis to be given by numerical

clectronic display reading to 0. 2 micron.

Machine t~ be designed cn a unit schiedule basis in which the 10

alternative models showin on the attached schedule arce available.

- . -

Machine to be designed to receive instructicas from a predetermined

number and types of tape input including the followiag given as

xamples only:-

(i) Point to point on X, Y and Z, axcs.
(ii) Point to point cn X, Y, Z, and Z., axes.
(iii) Point to point on X, Y and Z_ axes and rétaticn oa

(iv) Point topoint ¢ X; ¥; 2, and ?;2 axes and rotation

on 32 azis,



(v) Centinuous path for 3, Y and Z; oxes,
(vi) Continucus path for 2, ¥ and Z axes and rotation

of Z., axis tc keep movement of measuring probe

normal to suriace being measured,

(vii) Continuous path for X, ¥, Z; and Z, axes.
(wiii) Centinucus path for X, Y, Z; and Z, axes and
rotation of Zo axis tc keep movement ¢f measuriag

prcbe normal to surface being measurcd.

(ix) Point to peint on X, Y and Z axes, open loop
contrcl of radius of measuring surface of mcasuring
probe to predetermined radius and rotation of Z,
for roundness test of circular hcles.

(=) Peint to peiat for X, Y, Z; and :Z axecs, opcen loop
coatrol cf radius of measuring surface of measuring
prebe to predetermined radius and rotation Qf'ZZ
for roundness test of circular hicles,

(xi) iLs (ix) cxcept rotation and transverse moticn of 22

xis to be provided for cylindricity test of circular
hcles.,

(scii) A5 (x) except rotation and transverse motion of Z

2

axie tc be provided for cylindricity test of circular

holes,



(%iii) Ae (xi) but inclusicn of continucus path inspection

of form os described in (viii).

DESCRIPTION OF MACHINZ

The machinge has to be designed un a unit schedule basis, in
which at least 10 alternative models can be produced, ranging irom

a simple 3 axes, manually operated system to a complex tape centrolie

my 1 ]

1. The bea.

- (o k] = aq
2 The sodale.

The bed 1s desi

{#1e]

and beam in a manacr in which distortion due to movement is reduced
to the absclute minimum, The bed also provides the guiding member

1
i

for the X axis. The bed is made from a close grained, densificd cast

]

iron (arade 17) and is mounted on the foundation at four separate pcints

Fach point of support has its own 3 kinematic locations and the ribs in

ned ic provide a basce which supperts the saddle

a



distributed (I'ig.2). In the finally assembled machine the bed will be

4

held down to the foundaticn through the four main support points by

E
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pretensioned sccuring bolts.

to give suppcert to the boam moviag along the Y axis and in 2 manner
that provides straight linc motion with minimum deflection to the
struciure.

The beam design is based on an optimum structures priaciple
using o uniform stress value throupghout the structure which gives
maximum stifiness and minimum deflecticon for minirmmum weight.

The beam is ¢f welded construction {rom EN9 steel and incorporates
a flat vertical face to which the various types of Z axis can be attached
ACTUATION. The actuation to the '2' and 'Y' axes is achicved

by means <f a pisten and cylinder, in which the pisteon is hydrostatically

[}

supported in the cylinder, as shown in Fig. 3. This cnables the stick-
slip phenomenca which acrmally cccurs between the pistcn seal and
cylinder tc be compicetely climinated and hience fine posgiticning is readily

L

achievable, cither with opern v closed loop contrel,
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The actuation for the linecar !

Z!' axis is achieved by using fine
pitch lead screws in which back-lash is climinated puneumatically

and actuation is cffected by means of a stepping motor drive which

o
intervals.
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he actuation for rctating the meceasuring probe about the 'Y!

planc is again achieved by means of a stepping motor and fine and

very accurate angular positioning is ciiccted by using suitably

designed multi-radial loccating members.

MEACURIMINT. Lincar displacements in cach <f the three
ames are measured using a laser interferometer bosed on the system
develsped by D, Rowley ¢f the N. P, L. (Fig.4). The lasers to be

used are two Elliott helium-neen frequency stabilised lasers giving
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a light wavelength of 6328 i‘ (24. 9 g in), which can be
divided into quarter wavelengths for actual macosurements., One

laser is to be used for the interfercometers in the 3 and Y axes, aad the
ther one is to be used for the interferometers in the Zl end Z,

ringes produced by the intericrometers are

and stored in o counter, with the readout

=y
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YPES OF MACHINIS AND COMPONENTS

It has been stated that at lecast 10 basic mcdels could ke designed
of various complexity, ranging from a simple 3 axes, manually operated
system tc a complex, tapc~controlled and fully automnatic machine.
he main feature changes cccur in the Z axis, and a2 number
of the measuring machines wf differing complexity have been drawn up
and are illustrated together with some typical components which can

he manually eperated m ines arc numbecred from 1 to 8,
led machines are numbered 50 to 53.
Component 59, 628, 61, 62 acd 63 are typical components which can

cd on some of the measuriag machines vhoen fitted with
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Machine No. 1 !
Manuel adjustment of X, Y end 31 axes and meesurement on X snd ¥
exes. Component )

Showing measurement on 'X' and 'Y' exes.
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Machine No. 2

Component 2

ustme ' and % 5 i reasuremen and !

;.angal sdjustment on X, Y and 3, axes and mea ement on X, ¥, &n ik e meSi SHGHE G TRV CHT, W08 ,zi p—
xes

1 .
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Machine No. 3

Manual adJjustment on X, Y and %, saxes and on radius R of measuring
probe and rotation of spindle,

Component 3

Showing measurement on 'X' and 'Y" axes and on radii R, and Re.
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Machine No. V7

Manual adjustment on X, ¥, 3,, %, axes and angle of % axis in ¥

increments of 0° = 30 through 90° cloockwise and 900 enti=clockwise

from vertical measurement on X, Y, ‘l and '32 axes,

/ -

x .zla

Cowponent 4
Showing measurement on X, ¥, %, end %, axes.
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Manual adjustment on X, Y, '31 and 52 axesa and angle of 32 axis in

increments of 00-30' through 90° elockwise and 900 anti=clockwise
from vertical,Manual adjustment of radius prescribed by measuring
probe and on rotation of spindle measurement on Xl, xe, Yl and ‘Ia

axes and on radii Rl’ RE’ PI3 and engle 8.
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Showing measurement on )f.l, Xos Yy Y2 axes, and on radius R,, RB’ R
and on angle .
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Maching No, 6

Manual adjustment on X, ¥, #, end 2, axes and engle of %, axis in
= e

increments of 0°-20' through 0% clockwlse and 90° anti-elockwise
from vertical, Msnual adjustment of radius prescribed by messuring
probe and on rotation of spindle. Measurcoment on Xys Koy ¥

’&1 and 32 axes and on radius Hl' R2 and H..ﬁ and on sngle @,
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Component 6
Showing messurement on Xl, )(2, Yl’ \!2, 51 and '1-2 axes and on radius

Ry, Ry end H} and on angle 8.
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REMOVABLE
FIXED PROBE  * ;
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- b ¥
ROTARY _TABLE L —
Machine No. T I
Manual adjustment on X, Y, '.il and 32 axcs end angle of 32 axis in [ ]

tnerements of 0° - 30' through 50° clockwise and 90° snti-olockwise from
vertical, Msnual adjustment of radius prescribed by measuring probe
and on rotation of spindle and rotation of table, Messurement on

4, X, ¥y, Y5, & and %, axes and on radius R,, R, R, * Ra Anb od
AncEs ©,, By oavl @

X3}

/ T T
r | 1
\ | ! Component T
| |
\\ \\ I i | Showing measurement on X;, X, )Lj, 1, Yo, %, B, and on redius R!.‘
\ \ : 11 Ry, By and R, end on angles 6, 6, and 9,.
\ \ |
\\ M : |
kY A | |




ROTARY TABLE ;
Nl

Maching Mo, B
Manual adjustment on X end Y axes and on engle @ end radius R,
Point to point control for movement on B.I axis, FRotation of spindle

and rotstion of circular table. Measurement on R and @,

Component §

Showing measurement of ‘X' end gt



Mechine No, 50

Manuel adjustment of 31. Full continuous path control for 'X' and
Y axes and rotetion of "spindle to ensure that movement of measuring

mrobe is always normal to surface of part at place of measurement,

P4
F 4
&

.R, Component No, 50

Messurement of triangular shaped external surface.

foig

Machine o, 51

Full continuous path control for X, ¥ and 2

) BXeS, 2-1 to be set at pre-
determined values,

i
]

Comnonent No. 51
s el

Messurement of trisnpular and rectengular shaped profiles.



Machine No, 52

Full continuous path control for X, ¥ and 31 and R axes, R
to be set at pre-determined values.

-

—_

Measurement of circuler, triangular end rectanguler shaped external
profiles and position and eylindrieity {in contrasit %o circularity}
of two concentric circular holes,

1




Showing measurement of radius and pitch on an Anbernsl taper thread
ERuge .

Gomponent No, 58
Showing measurement of radius and pitch on an externs) taper thread
E8UEE .



Showing measurement of spiral gear :-

1
2.
3.
b

e

Spiral geuge
Circular pitch
Pitch cirecle radius
Involute profile,

hlso as before for :

Spur Gear
Internal Gear
Devel gear
Spiral hevel gear

AEROFOIL

SECTION

FIR TREE
ROOT

T an zerefoil section end fir tree root.

o

SURFACE
INSPECTED




+ 90° ROTATION
ABOUT 2,2,

5 o e e

Profile measurement of an internal spherical shape,

REF DIA

s

REF FACE
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Component 63

Showing messurement of bearing outer race i
Inspeot for i=
radius of track
Fccentricity of track
wobble of track



