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With the in creas ing use of the co-ordinate measuring machine (CMM) for measuring 
scrcw roto rs has come a variety of methods of evaluating and presenting the da ta. This 
Iack of st andard isation ha created a confusing situation both for rotor manufacturers 
and for C M M programmers. An attempt is made to consider from first princip les 
th relation ship between toleran cing and measurement in rotor manufacturing and to 
assess the roJe of the CMM in tha t context . The suitability of some of the current 
C MM methods is discussed. The paper concludes with proposals for st andardising the 
expression of deviations. 

Zusammenfassung 

Durch den immer hä ufigeren Einsa tz von I< oordina ten-Meßmaschinen ( MM ) fiir das 
Messen von Schra ubschwungrädern werden mehr und mehr Methoden für die Bewertung 
und Vera rbeitung der era rbeiteten Da ten entwickelt . Aufgrund der Abwesenheit einer 
Stand ardisierung dieser Methoden ergibt sich eine verwirrende Situation für Schwungrad
lierste ller sowie fur CMM- Programmierer. Zur Zeit wird versucht , das Verhä ltnis zwis
chen Toleranzeintragen und Messen in der Laufradherstellung nach ersten Pr inzipien zu 
untersuchen und die Rolle von Koordin aten-Meßmaschinen in dieser Hinsi ht näher zu 
defini eren . Die Eignung der gegenwärtigen CMM -Methoden wird diskutiert. Die Ab
wandlung schließt mit dem Vorschlag, die Formel der Abweichungen zu standardisieren. 

Introduct ion 

The CO-ordinate measuring machine has es tablished itself in the screw rotor manufac
t uring indus try, but unfortuna tely, the va riety of methods of colle ting and presenting 
th mcasurement results is growing. A sing le CM M manufact ure r might bc required to 
produ ce vastly different progra ms for each of bis customers, who each specify thcir own 
rcquirements . Holroyd , as a manufacturer of rotors for many compressor companies, 
fin d this 'Tower of Babel' situation at bes t inconvenient , and a t worst a source of 
potenti a lly ex pens ive confusion, whilst the CMM suppliers must give considerab le time 
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to implement ing multip le varia tions on a t heme - a p rograrnrner s tughtma re. 1 hts p<1J 
is an attempt to open d iscuss ion of t he important elements of a C MM rotor progratTI · 

However , in order to put the ro le of the C MM in context , it is fi rs t necessary to cons ider 
the rela t ionship between tolerancing and rneas urement in rotor des ig n a nd manu fact ure, 
to keep ourselves fo cused , a nd to assess t he likely developments. 

1 Tolerancing, Measurement, and Manufacture 

The sea rch for per fect ion can resul t in three different s t ra tegies in t he to lera ncing 
of rotors, a nd t hese have wide implicat ions for manufactu ri ng. T he met hods can b~ 
termed 'relative tolera ncing', ' absolu te tolera ncing' , and 'combined tolera ncing', ~n c 
it is necessary to consider carefull y the implications of t hese strategies for inspec t tOI1 
and ma nufacture . However, eve n more fundamenta l is to conside r t hc bas ic a im whet1 
applying tolerances .to screw rotors. 

1.1 The gap quality criterion 

T he purpose of rotor tolera ncing must be considered with reference t o t he purpose of 
t he rotors t hemselves, namely to trap a nd displace gas. T he qua lity of the seali ng zone 
between t he rotors results from t he clearance di stribution being sufficient ly sma ll to 
prevent significa nt lea kage, bu t sufficient ly !a rge to prevent interfere nce a t a ll running 
condit ions . T he un ifo rrnity of this gap over t he engagement cycle can a ffect the contact. 
pattern a nd transrnission error of t he pair , and hence the life a nd noisc characte ri st ics of 
t he compressor. T he sole p urpose of t he rotors, accord ing to J ack Sauls , senior research 
and development engineer o f the Trane Company, USA , is to p roduce t h is gap. 

This is worth re-st a t i lilg as a n axiom: 

The quality (suitability for purpose) of scr ew rotor b o di es 1·es ul ts 
from the quality of the gap b etween th em. 

We can ca ll t hi s the gap quality c•·iterion. Rota t ion of the rotors should produce neg ligib le 
change in t he backlash a nd transmission error , but bot h t hese can be rela ted to thcir 
effect on lhe gap, a nd so t he defin ition holds. (Ma teri a l properl ies a re a lso importa.nl , 
bul are nol relevant lo our d iscuss ion.) We ca.n now consider lolera ncing slra legies in 
l he light of l his defi n ilion. 

1.2 R e lative tole rancing 

In lhis sl ra legy, clea.ra.nces a. re specified al designaled poinls a round l he profi le, the 
only absolute d imens ions being l he t ip a nd rool radii . Also specified a re the loca.t io n 
and extent of t he contact band , and t he ba.cklash. T hese measure t he net effcct o f a ll 
clearan ce vari a tions, whether caused by profi le, rela tive Iead , or angula r p itch devi at ions . 
This is t he met hod in general use by the indust ry wo rld-wide. 

Two specific exa.mples of t his tolerancing should be kept in m ind : 
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l. In order to ensure correct contact along the drive band , only the 1-elative axial 
]J itch of the roto r pair is important . lf this value is clo e to zero, the absolute 
values may both devia te considerably from t he designed value, with no measurable 
dctriment to perfo rmance. Note t hat a difference of a few mi crons is sufficient to 
des troy thc continuous contact pattern which is required. The relative axia l pitch 
is dete rmincd by the two Ieads. 

2. The pro files of opposite fl anks may be considered as independent from each other. 
A th ick male with a correspondingly thin female wi ll result in the correct gap and 
backlash. As with ax ia l pitch, the actual thickness of the Iobes may devi ate con
sid crably from the designed value, with no measurable detriment to performance. 
Once aga.in , however, a small mismatch is sufficient to des troy t he required backlash 
and tra iling fl a nk clearance. 

Note th at modern machinery, properly used , is able to keep the sha pe of the two halvcs 
of the profi lc correct , i.e. it is not necessary to match waviness in the profi les , as was 
the case before the introd uct ion of closed-loop control sys tems fo r tool dressing. This 
was la rgely responsible for screw rotor manufacture being ca lled the ' black a rt ' of the 
compressor industry, a reputa tion wh ich is now, thankfully, being shed. 

Note a lso tha t suitable depth prohing systems now permit accurate and absolute cont rol 
of cutting deptl1. Th is is necessary because the profi le root must male with the tip of 
the mat ing rotor, wh ich in turn must have the correct clearance with the housing bore. 
Constancy of cutting depth a lso results in constancy of lobe thickness ( disregarding tool 
wear). 

T hirdly, no te th a t is is genera lly safe to assume th at systematic deviations in Iead and 
divide will be negligible, because of the in-bu il t accuracy of the machine too l. Regu la r 
machine condit ion monitarin g is usually all that is requ ired. 

The built-in assumption of th is strategy is that interchangeabili ty is not an essenti al 
requirement . For example, if rotors become damaged during running, both would be 
replaced , sin ce both are likely to be affected . In pract ica l manufacture, some inter
changeabi li ty is achieved , since batches of males and females are made to match, a 
process wh ich can be ca lled ' ba tch pairing' . (Note that this is not selective pairing , i.e. 
it does not involve sea1-ching for rotors which match, a misunderstanding which has been 
known to occur .) 

The advantage of rela ti ve tolerancing is that it is not necessary to 'over-control' the 
manufacturing process , since only rela tive dimensions need be fin e- tuned in order to 
sati sfy the gap quali ty criterion. In the case of lobe th ickness , this may be used to 
advantagc by extend ing tool life. 

lt is na tural to use pair measurement techniques in this case. Two further 'acid tes ts' 
of pair quality a re transmission error and backlash plots, the laUer resulting from the 
subtract ion of the transmiss ion error curves in each direction of rota tion. 

Trad itiona ll y, a pai ring stand has been used , with feeler gauges to measure cl a rances, 
d ia l gauges to mcasure backl ash, and a visual inspect ion to check the contact pa ttern. 
Putting t he rotors Logether is the most sensitive method of reveali ng Iead mis- match. 
However, thc method suffers from the following limitations: 
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1. Limited resolu t ion of cleara nce measurcments, res ult ing from t he d iffi culty of es ti 
mat ing betwecn fceler gauges having 10 micron intcrvals. 

2. Li mited reprodu cibi lity of feeler gauge method. Significan t vari a tion in operato r 
' feel' and posit ioni ng can exist . 

3. Diffi culty of measur ing backlash con tinuously over the engagement cycle, a nd of 
detect ing t he min irnum . T he method is time-consurni ng. 

4. Lack of equipment suitable for measuring t ransmission error. 

In an earl ier paper l described a met hod of measuring screw rotor pairs whi ch is accura te, 
fast and automat ic [1]. T he system may be termed a Conjugate Pair Measur ing Machine, 
or CPMM . lt measures clearances optica lly and gives a continuous plot of tra nsmiss ion 
erro r and backlash over the full cycle of engagements by rneans of ro ta ry encoders. The 
first working machi ne is now in use at Holroyd, and is ca lled t he Automati e Rotor Anal
ysis Cent re, or ARAC. The sys tem has been des igned to overcome thc aforementioned 
limitat ions of pair measurement, and will t herefore assure the continuat ion of rela t ive 
tolerancing into t he fu tu re as requirements become more str ingent , as for example in 
small refrigerat ion applicat ions. 

1.3 Abso lute tolerancing 

ß y t his s trategy, absolute tolerances a re applied to each rotor, res ul t ing in full inter
changeabi li ty. T he main consequence is to make to leran ces extremely l ight , as can be 
easily scen from the two examples quoted above. T he d ifference in relat ive ax ial pitch 
for loss of contact a t the dr ive band is only 2 or 3 microns , s ince the pitch difference 
accumul atcs a long thc rotors. T he absolute tolerance on each rotor Iead would t herefore 
nced to be half the rela ti ve tolerance to guarantee a correct res ult . A s imi la r argument 
applies to thc lobe thickness of each rotor. 

T he reasons this stra tegy has seemed attract ive to some come firstly from the lirn ita t ions 
of the fceler gauge method of measuring rotor clearances, compared wit h thc accuracy 
offered by the CM M. 

Another reason for a bsolute meas urement is the need to perform stat istical assess rnen ts 
of machinc capabi lity when shopping for machine tools, and here again , the feele r gauge 
method has proved inadcquate. 

A th ird rcason is perhaps a 'gut feeling ' th at it should be possible to ma ke evcry ro tor 
cxactly right . T his challenge was takenon a t Holroyd , and it was found th a t by ext rcmely 
careful control of key process variables, absolute tolerances and full inte rchangeability 
can be achicved , even for the ex t remely l ight tolerances of srnall refri gerat. ion ro tors. 
Nevertheless, t he st rategy leaves no room for even small errors at any stage in the 
process. 

The C MM is clearly suited for th is kind of mcasuremcnt . lt sbould a lso bc noted 
th at thc C PMM may also be used for absolute meas urements by pa ir ing the roto r to 
bc meas urcd wi t h a calibrated rotor, i.e. one which has bcen measured on a C MM . 
The limi tat ions listed above have thus been eliminated , and the rush towards absolute 
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tolerancing has receded , perhaps to await the time when there is ra ther more 'comfort ' 
in the manufacturing process. 

1.4 Combined tolerancing 

Another a lternative, a hybr id of the previous two, is to use relative tole rancing, within 
loose absolute tolerance Iimits. These absolute Iimits need only be app lied to one rotor 
of the pair. This ensures in a formal way that deviations in profile, lobe thickness, Iead, 
and divide are not excessive, whilst leaving their exact mix to the rotor manufacturer. 
This method is soundly based on the gap quality criterion, and has much to recommend 
it on economy grounds . 

• Here again , alternative methods of measurement are: a) CMM or b) CPMM with 
CMM-calibrated rotors. 

1.5 Process control 

Before summarising the role of the CMM, a word abou t process control will be useful. 
Process control , to be effect ive, should be as near instant as possible, so tha t useful 
feedback to the process is provided . Gauging of key dimensions is normally sufficient , 
eilher on or near the machine too l. Although not at present suil.ed to prov iding timely 
control feedback from each rotor to the machining process, the CMM may be used on a 
sampling basis. 

In monitoring machine condition, e.g. for long term maintenance, tes t batches can be 
cut from time to time and measured by a CMM. 

It also has a role in providing feedback for tool preparation , where needed. In the case 
of precision profile milling, the tool blades are first ground to within 2 or 3 microns of 
the calculated profile on a cutter sharpener, and then a lest rotor is cut. In some cases, 
for example, when the rotor material is very hard, the resulting mtor pmfi le conta ins 
unacceptable deviat ions which are nevertheless repea table. C MM profile measuremen ts 
may be used to produce a compensated tool shape, which is clone by modifying the 
target rotor profile data with deviations which are the negative of those measured , a nd 
re-calcula ting the tool profile. 

2 Options for the CMM Program 

T he roles of the CMM in rotor manufacture, as we see them, may be summarised: 

I . As a reference standard . 

2. In the calibration of rotors for a CPMM. 

3. For part sampling, where absolute tolerancing is used , as an alternative to the 
CPMM. 

4. For tool compensation, where necessary. 
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5. For machine diag nos tics. 

We shou ld now consider t he allernative types of CMM progra m. 

2.1 Basic procedure 

lt will be clear t ha t a full measuring sequence would be excessive for some of these 
fu nctions. For example, tool preparation only requires profile measurements. However , 
we should, as a prin ciple of good pract ice, conceive the program as a whole, from which 

sub-routines may be selected. 

T he basic e lements of the program are: 

J . Estab lish t he roto r Z axis with reference to "the bearing cyli nders and the rotor 

end plane. 

2. Estab lish the rotor X and Y axes. ßy prohing a specified point on one of the 
Iobes, at t he d r ive band , at a given Z section, the initial Cartes ian system for the 
rotor is completed . (After measurement , the orientation of the axes rela tive to the 
roto r may be adjusted by rota ting tbe da ta to give a ' bes t fit ' of the corresponding 
poin ts on a ll Iobes, for example, at the drive band .) 

3. P rofi le measurement, on one or more profiles, at one or more transverse sections. 

4. Heli x measurement (one or more Iobes). 

5. Divide (angu lar pi tch) measurement . 

6. Evalu at ion of deviat ions. T he rotor's features must be presented clearly by graph
ical displays which allow at-a-glance identification of devia tion types and magni
tudes, in relation to tolerance zones . Data li stings should be easily rela ted to t he 
graphical plots, wit h out-of-tolerance values high-lighted . . 

T his Iist contains no surprises. However , some clear di vergences of phi losophy have arisen 
when decid ing how to evaluate deviat ions. 

2.2 The problern of projecting deviations 

The fi rst CMM screw rotor program at Holroyd, in use since 1986, is still in use on 
llolroyd 's Leitz CM M. T his evaluates profil e and helix deviations normal to the surface, 
and displays t hem to a suitable magnification on the transverse profile, a nd on the helix 
base li ne respect ively. All dev iations a re posit ive when there is excess meta!. These 
convent ions make the ou tpul easy to understand by all technical personnel. 

Another app roach is a lso in use in some programs on the Holroyd Leitz, a t the request of 
some customers. T hese programs project deviations into the transverse and ax ial planes . 
Some aut hori t ies (not Holroyd) argue that because a helical surface is completely defined 
by its transverse sect ion (end profile), and Iead, surface deviat ions should therefore be 
evalua ted in t he same way. We have been able to make comparisons as to the usefulness 
of the two methods. 
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At th is point we should keep in mind the rotor quality criter ion, i.e. tha t the quality of 
the rotors res ults from the quality of the gap between them. The purpose of our C MM 
meas uremellts is to dete rll'Üne the inter-lobe clearance d istribution, and these clearanccs 
a re a ffected , micron for micron, by dev iations no1·mal to the surface. For cxamp lc, a 
2-ll'Ücron bump on Olle rotor, and a 2-microll bump at the corresponding position Oll 
t he mating rotor, results in a 4 micron change in the gap. A simi lar a rgument applies 
to the calcu latioll of transmiss ion error, where a most usefu l convention used is that 
excess material Oll either rotor causes a positive transmiss ion error, i.e. the driven rotor 
advances. Thus positive deviat ion should relate to the 'plus meta! ' condition. ( For 
transmissioll e rror calcu lat ion, a conversion factor is also requ ired based on the flank 
and helix angles at the drive band, with the result usually related to its effect at the 
pitch radius.) 

2 .3 Fault d iagnosis 

Projected deviat iolls are not as useful for the diagllos is of certain faults as the surface 
normal method. For example, for dev iat ions caused by surface roughness, wav iness, tool 
freq uency marks (feed marks), or scra tches, the project ion d istorl.s t heir true size, a nd 
hence their re lationship to their original cause. 

Complicatiolls a lso occur read ing profi le tolerance diagrams, because the s a ling factor 
to convert from normal to transverse deviations is not constallt a round the profile, but 
depends on the combined effec ts of pronie flank angle and local helix angle. A constant 
surface tole rance, which under the surface normal convention would be represented by 
para llel lines on eilher siele of the designed transverse profile, be omes a continuously 
varying qua ntity represented by a very complicated-looking tolerance zone. 

2.4 Helix confusion 

In the absence of any standards fo r rotors, we shou ld at leas t be awar of the gear 
standards. ISO 1328 for parallel ax is involute gears (i.e . small helix angles) [2] requires 
helix deviations to be projected into the tra nsverse plane, whi lst OS 52 1 for worrn gears 
(!arge helix a llgles) [3] gives formul ae for calculating surface normal deviations frorn Iead 
and d ivide deviat ions. 

Screw rotors fa ll between helical gears and worm gears, being generally between 30 and 
60 degrees he li x angle. At these angles, surface deviations may be almost doubled when 
projected into th e transverse or ax ial planes. Note especia lly th at clearances a re not 
critical in gears, except possibly the Novikov- Wildha ber type. This is perhaps our first 
warning that gear stand ards might not be adequate for screw rotors. 

Another a rgument says that it is natural to use transverse and axia l projections, since the 
deviat ions follow the original defin ition of the helical surface, i. e . by transverse pro file 
and Iead . However, in the case of lea.d , another problem must be consid red . Lead 
is an extremely useful quant ity, being the axial distance traced I y any surface he lix 
in one revo lution, and is the same for all profi le points, unlike the hclix angle, whi h 
depends on the radius. 1-lowever, besides the distortion of deviation magnitudes, there 
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2.5 The problern of combining deviations 

Measuring rotor qua lity by means of a collect i? n of proj ec ted d_e viat ions is not a easy, for 
the simple reason that t he project ions from a s1ngle surface dev1at1on a re not indepcndent 
quanti t ies . A single surface fau lt , say a lump on. t he fl ank , _w hich would have a simple 
micron-for-micron effect on the gap, will appear 111 four pro Je ·twns. lt 1s a n mtc rcst mg 
cxercise to try a nd construct a spreadsheet modcl whi ch combines tolera nc<'s in pron ie 
(t ra nsverse), Iead (axial), divide (tra nsverse a1~g l e) , a nd surface textu rc (no rma l) into a 
measu re of the surface form . T his will necessanly mvolve assumptions about dupli cat ion 
and tolera nce 's tack-up' proba bili ti es, a nd is un li kely to result in simpl e a nswe rs. 

ßecause the various projected devia tions are not independent it is often d iffi cult to 
separate out the sources of rror . For instance, apparent divide error mig ht be caused by 
faulty machine divide, cutting depth variations, Iead erro r, or run-out in thc rcference 
cylinders used as the datum . Neve rtheless , thi s is the t ask o f t he production cngineer, 
based on his cx pcrience and t he ot her process informa t ion a nd calcul a t ion too ls availab le 
to him . 

The rotor designer, whether he is using abso lu te or relative tolerancing, should avoid 
making the control of all these deviations a n end in themselves. Instead, hc sho uld 
concentra te on tolera ncin g the rotors by definin g the surface form whi ch wi ll prod uce 
the correct clcarance distribution at a ll engagements. 

3 Proposals 

What is being argu d here is that t he practicc of project ing dev iations in to severa l 
direc tio ns is intolera b le, a nd one direct ion only shou ld be chosen. 
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T he gap quality crite rion might well Iead us to the conclusion that most tolerances and 
measurements should be rela tive to the defined surface, following the concept of surface 
form. Thus the devia tion at any point has a single value, namely its perpendicular 
d istance from the designed surface. This gives the simplest definition of profi le tole rance. 
The designed and actual surfaces may be conveniently brought into rela lion with each 
other as mentioned above. T he d isadvantage is that calcu lat ion is needed to relate 
surface deviat ions at th e contact band to the lransmiss ion error. 

Altern a t ively, if a ll deviations were projected into the lransverse plane, this would al 
leas t have the merit of consistency, and might have some advantages of ils own, since 
a rotor is essentially a series of identical lransverse slices wilh an angula r orienlal ion 
between t hem. lts main disadvantage would be the distortion of surface defects by 
vary ing amounts around the profile , and the rela ted problern of relating lhe complex 
profi le tolerance zone to the gap. As far as I know , this system has not yet been tried. 

The lhird a lternat ive, that a ll projeclions should be projected axially, has no obvious 
merit , a nd wou ld in my opinion be hard to justify. 

Perhaps the sensible way f01·wa.rd for now is to write CM M programs which allow easy 
switchi ng from normal to tran sverse modes, and evaluate both systems siele by siele. In 
the proposals below, the word 'normal' may be read as 'norma l, or transverse, but 
not both'. 

F'or graphi cal displays (profile, hel ix, etc.), the deviations may be plotted in various 
ways, the important requirement being that the magnitude and sign of the deviat ion at 
any point on the surface stays the same regardless of the method of disp lay. On these 
assumptions, we can now add some Aesh to the bones, with a few definite proposals. 

3.1 Sign convention 

The most useful sign convention to adopt for deviat ions (other than true Iead) is: 

'+ deviations => + material' 

T his is widely understood and will help to avoid expensive misunderstandings in man
ufactur ing. ll may be applied to heli x as well as profile evaluat ions (see bclow) . As 
a lready stated, this convention is useful when relating devi ations to the gap, and when 
considering the transm iss ion error of rotor pairs. 

3.2 Profile 

Deviations at any transverse sect ion will appear magnified to a suitable scale and plot ted 
super-imposed on the transverse profi le . For surface normal dev iat ions, the simples t 
tolerance band wi ll then be a pair of parallel curves on each siele of the pro fi le. Different 
tolerance zones, e.g. for drive band and clearance zones, may be shown by a simple step 
or ramp from one parallel curve to the other. Transverse dev ia tions wi ll have a more 
comp lex tolera nce zone. 
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3.3 Developed profile plot 

A method proposed by S. Edström [4] is a useful addition to the CMM output for display 
of profile errors. This uses a hori zontal base line, divided up according to the fun ct ional 
points on the seal line, and shows surface deviations verticall y. If several transverse 
sections are shown on the same graph , the total body quality can be seen at a glance. 

3.4 Helix 

Normal deviations along a helix may be plotted super-imposed on an axial st raight 
line, and analysed by familiar methods such as regression straight lines, total form, etc. 
Again , the important requirement is that these arealternative ways of showing the same 
deviat ions. 

T he following guidelines might then be applied to helix plots: 

1. Deviations are normal to the surface. 

2. An increase in material, rather than Iead, should give a posit ive change in devi ation, 
for the reasons given above. The term ' Iead ' should therefore be avoided, except 
when t rue Iead is meant (see below) . 

3. It is part icularly important to see at a glance where the material lies. For example, 
one must check whether the end of the rotor has some relief (desirable), or ' push
off ' ( undesirable). A short section of shading on the material side has been found 
to give immediate visual impact, especially when helix plots are arranged vertically 
accord ing to the tradition wi th gear measuring systems. 

4. The posit ion of the helix plot at a chosen section should correspond to the divide 
error at that sect ion. T his was not genera lly possible with conventional gear test ing 
machines, but is probably fairly easy for a CMM , where the whole component 
surface is known. T he plot can then give a combined picture of the helices for the 
ent ire component , since each helix plot , by its position relative to the zero line, 
wi ll be rela ted to the others according to the angular pitch error . 

5. In the case of an array of vert ical helix plots, as is often used in helical gear 
measurements, ' up ' in the plot may be made to correspond to 'up ' on the measuring 
machine, giving a fu rther visual grasp of the situation. T he Z axis will follow the 
part icular rotor's co-ordinate system. 
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3.5 True Lead 

The true Iead a nd Iead deviation values should also be calculated from the regression line 
projected over 1 revolution. These are the only values where positive deviations should 
indicate a Ionger Iead, regardless of the material side. An important use of the Iead 
values in manufacturing is to fine- tune the CNC machine settings, e.g. to compensate 
for temperature effects. Only the values are required, i.e. no plot is needed. The message 

'+ deviations =? + Iead (axia l} ' 

should appear with the Iead devi ation values only. 

lt is useful to specify an eva luation length which excludes the rotor ends, for the 
regression line and subsequent Iead calculations. This allows any end effects, deliberate 
or otherwise, to be ignored. Typically, 5% of the body length at each end could be 
disregarded for the calculation of true Iead and Iead deviation only. 

Average Iead a nd Iead deviation values should also be calculated from all measured Iobes, 
to avoid the effects of run-out , etc. 

3.6 Divide (angular pitch) 

A 'divide' evaluation permits machine errors to be monitored, and is probably bes t 
expressed in the t ransverse plane, both as an angle (in micro- radi ans}, and as an arc 
length (in microns) at a specified radius, in terms of both adj acent and accumulated 
values , according to standard definitions. Plots are useful here. 

3.7 Profile output to disk 

The ave1·age flute transverse profile (not profile deviations} should be calculated from all 
Hutes measured, and saved to a file for input to a tool compensation program (usually a 
PC-based program) , where required. 

3.8 Individual rotor statistics 

It is useful to extract some bas ic statistical data from all the measured flu tes and cross
sections of an individua l rotor, such as mean, maximum, minimum and range for selected 
featu res on the body. 

3.9 Rotor batch statistics 

It is also important to derive batch information such as X, R, u, Cp, CpK for key featu res 
on the rotors, to monitor the manufacturing process. These batch statistics should ideally 
be accumulated automatically in aseparate file. During the run , the sampling rate for 
slatisti cs might be, say, every 4th rotor, although some of the intermediate rotors might 
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also be mcasured , and one or more set- up rotors might be rnea.sured first. To a.void 
stati st ical distortions, a rigid sarnpling rate is essential, a.nd neithe r t he set-up rotors, 
nor the in termediate rotors should be included in the calcula tions. The rnost fl ex ible 
rnethod is to have the freedorn to specify retrospectively which rotors are to be included 
in the statist ics. 

3.10 Magnifications 

Whenever poss ible, plot magnifications should be to a ra tiona l scale, e.g . X I, X2, X5, 
X10, X1000, etc., to make visual es t imation easier and more habitua l. 

3.11 Special evaluations 

lt has been our experience tha t occas ional special in ves tigat ions are most eas il y clone 
by transferring the CM M data to an individual's des ktop computer, because this gives 
complete freedom to engineers who a re not CMM programmers . We must avoid lett ing 
such occas ional in vest igations have an undue infiuence on our effo rts to sta nd a rdi se the 
bas ic program . 

Conclusions 

I am aware that this paper has given more emphasis to the fundamenta l dilemmas in 
rotor tolerancing and measurement , than to deta iled proposals. This was not my origin a l 
intention , but the need for some at tempt to clarify the issues became more a ppa rent t he 
more I consulted with my colleagues in the industry. My purpese has been to stirnu la.te 
wider discuss ion, and perhaps set the scene for a move towards somc sta nd a rdisat ion, 
whether formal or informal. Nevert heless, I believe two clear pro posals have emerged, 
namely, the abandonment of multiple project ions of deviat ions in favou r of eithe r surface 
normals or transverse project ions, and the adoption of the sign convention based on the 
mater ial siel e. 
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