{ COVPUTER | NTEGRATED GAGI NG SYSTEM Thi s i nvention relates to adi Rde 8r&S.
i nvestigating tolerance call-outs on mating parts wherein design and '
ol erance data i's available in nenory According to the present invention,
the nethod conprises the steps of:- retrieving the design and tol erance
data relating to the mating parts fron1the menory; conparing the design and
tol erance data representative of each part for conpatibility wth the
design and tol erance data of the corresponding mating part; and, indicating
the results of the conparison. A nethod of anal ysing data relating to a
physi cal part having known design features and using a conputer coupled to
a nul tidinensionally novabl e position neasuring apparatus for determ ning
the position of physical features of the part and apparatus for inspecting
a. physical part havi ng knoQOMPUTERS INTECRATED IGAGING HpERMnce cal |l -outs
are described and clained in our co-pending appllcatlon No. 8718181. 2 A
conput er controll ed display for inspection and anal ysis of predetérm ned
part Teatures on a manufactured part coupled to CAD and tol erance data for

t he Yrehuf act ur ed part i s described and clained in our co-pending
application No. 9007382.6. The above and ot her features of the present

i nvention are|IIT%%SaﬁﬂYe%§1WQ/Qﬁlékaﬁmﬁﬁ an nefhedagithgkny¥pstdigating
Fi gure a bl ock |a ran1 showi ng, the conponent g&rts of ,the

syst em of ttTé’b‘FEéé’iﬂeuﬁ WEsEiQRr Baking, BAGLS Whe s Pemsagqoaaﬁe'

> computer SN “Fata % é" 2021 P41 € Mn henbpy. PrESEM
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According to the present invention,'the'methdd comp:iSes
the steps of:-=

retrieving the design and.tolerance data relating to the

mating parts from the memory:

‘comparing the design and tolerance data representative of

each part for compatibility with the design and tolerance
—— data of the corresponding mating part; and,

| indicating the results of the comparison.
A method of analysing data relating to a physical part

— " having known design features and using a computer coupled.to a
multidimensionally movable position ﬁeasuring apparatus for
determining the position of physical features of the part and
appératus for inspecting a physical part having known
dimensional features.and'toleranCe call-outs are described and

claimed in our co-pending application No. 8718181.



invention. Figure 3 is a perspective view of a nodel of a  manufactured
part subject to inspection by the present invention. 10 _

Figure 4 is a per spective view . of an i nspection gage constructed¥
t hrough the use of the present invention. Figure 5 is a diagram show ng

i nspection path generation.as used in2he present invention. 15

‘Figure 6A is a plan viewof the inspection gage of Figure 4. Figure 6B
is a plan view of the manufactured part of Figure 1. Figure 7 is a flow
di agram showi ng detail of 20 initial portions of the flow diagramof Figure
2. Figure 8 is-a flow di agram show ng detail of subsequent portions of the
fl ow diagram of Figure 2. Figure 9 is another flow diagram show ng
detail of the latter portions of the flow diagram of 25 Figure 2. Figure
10 is. a data flow- diragram of the system of the present invention.
Figure 11 is a chart of representative ANSI standard tol erance call -out
~synbol s. 30 A computfeérmwontriflled displaperfpecinssection\vand Oénalf‘sz.s
manuf actured part depicting datuns thereon. Figures 13A - 13C ar,
charts d@m(nneﬂguenmxngdcpaQGgéeahnnedaonna'hanuﬂdutunaﬂupaxthedpl

of Figure 12. 35 Figure 14 is a plan view -of a part mnth a
syntmnlcéﬂ3F$Hc@ﬂ@ctq&ﬁtaﬁésnﬂiﬁémﬂObuthqﬁgan@fﬁbturQQMaarmemsof
the part of Fi wi_th, anpother syntactically inappropriate part
feature c&q5qghbe§ and CIa#ﬂﬁﬁréRHPquc?rpﬁpﬁin%|éﬁphﬁcaﬁipnmyo-

‘parts .
9007382.6.
The above and other features of the present invention are

illuStrated, by way of examplé, in the drawings wherein:-



F
il{ustrating conpatible part feature call-outs. A short title for the
function perforned by the system disclosed herein IS conputer
i Ategrated 10 gaging (CIG'. The systemof t present invention nmay
'be seen with reference to Figure 1 whereit e conputer 11, such as the
VAXI'| / 780*, is coupled to a display 12, such as' the Textronix
4115*. A keyboard 13 is 15 provided for entering information into the
system for use by the conputer in controlling systemoperation. Visual
reference for keyboard opegrigurs isl pjrs)waieoblﬁkttmgg@ﬁ aysl-;lgwu.pg the
nmechani sm or robog hree mensi Q novenent, within a
prescribed vol ume Qfépdbﬂg&t %ér)r%!lféjf{got qheé“ %éj %?%t?%@?%‘b%t”ﬂé%‘?b’r%ed
Al D 800*. A canera 16 iRBigumuurded an fbow krﬂimgrmsdelxtnvgw | 86 N He
wor ki ng space Ged dgiz or a part 17
resting on agl. 'ﬁplﬂfy% ngeisjnu% lc%% surp’ﬁaimgw éf% ':Rgorthelg present
attached to the:EﬁYQﬂkkOHA- and is exenplified by the non-contacting
' | nsp ction (NCl) device shpydudd fljggjrae LGV sef nﬁﬁﬂﬁor

Qﬁ' ef?beé% fﬁiwce fg cou o

ould be noted th t e position senS|ng const st
of a coordindte hiBfE § o it htheringRestiamt ry | the30
machi ne t ool a@mﬁsﬂht\Mddbnﬁioﬂcnwh pr obe. These devices would
acquire insp ion dat avvt)%qehys cal ly contacting various Nechani caI

features on tHe part 17. ©fdherk® B FIRRFSPSEYVE he oKy nfE
TRADENVARK t he :fnsgeq;n:am argaEspi atoars trherteed nditadagh t e t isd Nigs aihe
step in the proc 'Hub&éfﬁﬂ nvention involves. the generation of a
functional insp ctl manner in which this is
acconpl i shed 5 |ncludes igure Sarighia dilagrem showiogr inspeetictesipath

(CAD) data for ageiidratidm daised R Hhel brasefieidvedtiige 1 and the
subsequent di S]_FE ay 20, |n5p rs ectlve _
ig 6A is a plan view of the inspection

. gage of Figure 4,
' Figure 6B is a plan view of the manufactured
part of Figure 1, _ '
Figure 7 is -a flow diagram showing detail of
20 initial portions of the flow diagram of Figure 2,
| Figure 8 is a flow diagram showing detail of

subsequent portions of the flow diagram of Figure 2.
i _ Figure 9 1is another flow diagram showing
U detail of the latter portxons of the flow diagram of

.25.F1gure 2. . , _

_ Figure 10 is . a data flow diagram of the
system of the present invention. S

Figure 11 is a chart of representative ANSI

_standard'tolerance call-out symbols. ,

30 o Figure 12 is a perspective view of a
manuféctured part depicting datums thereon. -
| Figures ~13A - 13C are .charts depicting
inspection gages and datums for the manufactured part
of Figure 12, '

35 _ Figure' 14 is a plan View;;of'a part with a



as seen in Figure 3, of the designed part together with ~ di nensi onal
t ol er anci ng

Figure 3,

17. . This di nmensi onal

crltlcal

posi tion (
t ol erance

and

i nformation in 10 accordance with geonetric di nensioni ng and
tol eranci ng (GD&T) standards. The standard used for illustration here
is U S. Governnent designation ANSI Y14.5"_ There are shown three
surface references, A B and C Alternatively, the references may
conprise the edge of 15 a part, a point on a part, a hole,, etc. As seen in
the dyneastboallyaihecortecs partfﬁeethnéeeablAOue'inch dianeter

pl us 0,125 mnus 0.0 Inﬁ géfgnlghels déspbfx? ISECOI’ISI ereégt OB%Et

ol er ance cal |

and Fhapoe fb&tquthfoﬂnothér |$YG§@¢§%@€1bHrt1n¢§9r99tb3tar
indicated to bgakgc ggguygleglibsugethod of tolerancing ternmed true

Fi

blgck O her EF

indicated by the initial synbol in t

part
e

he

FREend6t ol 8r afici Ry2Ret NbEY ZBfnayaBénSeIEEFEE such

as reference t91austfh8eRgPEORphEiBlePpaBt BEatuPEScAOLLHAREE dlﬂEﬂSlons
The holes in Figure 3 are required to be positioned so that their cent

as manufactured, will vary cnly within a 0.06 inch diameter circle at

maxi num naterial

condat i sher80 t{tME fonul thet fuhotteoh. petfothedhbye is

| arger than th%qgwc §%E§m tgfgciP§e50|ﬁ§?Q§ﬁ CEEC'§oﬂbﬁ€§£er19E8§§8L§3 t he

proportion.

h™"ho 'S reféren

three indi chPedagingat€IGh, B and C. The operator of the system observes

t he ideal 35 design: or @pgegyg@eﬂf ghetggrtpgzsgﬂtthgnqbﬁgkaﬁ 1ﬁay ~ghd is
signify to_  the ystem through h keyboard 13 one of/

several tol erafitfRg EbﬁbenFFSﬁSeRﬁ?cﬁ° EbEEEF Hheﬁelﬁeﬂuc°ﬂﬁutﬁﬁe11'

t c Lnlsuéheasltuatvnklgﬂ7ao*921s fceupmgd 3to hheg%sbnuy 12,

posi tion ol erancing_s ard_is,indica nd a or , Whi pears
L8BCS  Bponeh 313882 BnakeRASE Sl crd

able to

scr.een.
t he dlsm
cal | -out

a

20

25
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?o PREEEARA% eXRaar

0Si nc&s

I'TEHSI

Kétpngvtdeﬂhéor entering ;nformatzon into the system for

use by the computer in controlllng system operation,
Visual . reference for keyboard operatlon is provided at
the display 12. A mechanism or robot 14 for providing
three dimensional movement within a prescribed volume
is exemplified by the Automatix robot desrgnated AID

'800*., ‘A camera 16 is mounted in a known posxtxon

overlying a -working spaee and is utilized to determine
the orientation of a part 17 resting on an underlying
support surface 18. A sensor 19 is attached to the
robot 14 and is exemplified by the non-contacting
inspection (NCI) device shown in Pigure 1 as a SELCOM*
laser sensor. It should be 'noted that the position
eehsing device 19 could consist oX a coordinate
measuring machine (CMM) or a numerically controlled
machine tool ‘adapted with a teuch' probe. "~ These
devices would acquire - inspection data by physically

'"contacting'various'mechanzcal features on the part 17.

- With reference to Figure 2 of the drawings
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i'l lustrated four holes in the part 17. The conputer receives the
di nrensi onal and tol erancing indication. 10 The tolerance information is
iznspect ed through programinstructions for syntactlc correctness.

Once' the tolerance syntax is determ ned Eio correct, the conputer
generates an inspection gage nodel 21 as seen in Flgure 4. The

consi stency of E aﬁart esign 15 tol erance synbolism . is therefore
confirmed.. WthtRRof\8HGedbRIFAR JEePERtBEscENBFRONLBALIERESBar Ehakd the

t ol erances applledxttal t Beegesini beHef eptutaess aﬂefﬂﬁﬂﬁgtleﬂeoinventlon

f ti I f

constructed by heriakbEEer €88 FeReRBERoBn SEned arSRrLIomETinfperERRN
of such a step gage.indThat etlanner Aini hwEighr etBis ThES|nspecbmpmlghge
data is storedgjogpgyﬁggg “SFheThGranQﬁFftaldeéfgn@&mpth?S gaggdegéanln

certai n di nensi ona rance outs “for a  par
an assenbly. - FunéfABnaflatgafige adpant hastoj bhe QQGRUtere&ieas f eeent hén

part. as descri bedghgpeenbefo gd the § h fog0s
cal l'ed  design tgFgrgnce 2 B s8Y égﬁg?%a?gﬁpp?% 90|gxn“ﬁé§speb§hve

purpose of the agoFErINin FéﬂéF?S|§' s9fo BReerArRiIRed3OPaL ke Bagebhen
part ‘as toleranegdh W 8imefisionabderandl | toleraneéng copdfbrmacioni tin

its mating h t ai of this portign of. the .
process are i ugffgfgé ?ﬁaéigﬁ?%¥9me£?§8|QiFFBﬁlﬂﬂéP be? de88§efﬁ8°1ng
operator to eitheKGa&aDyzetandaedancesThasssgaadarﬁouséd foe ilpastratbyn

Rl est One  onhelE' 18%0 BWoPRLRIRh: 4ebbRARIGASANST '§E4081!. mnble

tolerances are Worst casé”part
created by the céﬁﬁuteﬁhOHheréhheethéur§a¢§ references, "&vrt&aland C-

condi tion (refereﬂ@@e@h@théi§,5EhetPé?ekéncé?em99|éém?r@é@ ghé aEd%Qe of
lower limt of the t ol erances, and % Posses asfn ges, etc. are at
e

upper |imit oft3t hd PSFE!aﬂcEglntFﬁPt artysa Be ebfe AFNERENOMBI with

Figure 3, the dimensional call-out is for four holes
of one inch diameter plus 0.125 minus 0.0 inches on
the. display or model 20 of the part 17, This
~dimensional and tolerance call-out is considered to be
20 a critical and major feature for the illustrated
part. The holes are indicated to be located using the

method of tolerancing termed “"true position® (Figure
11) as indicated by the initial symbol in the
o tolerance block. Other drafting tolerancing methods
N 25 may be selected such_as reference to a surface profile:

or plus or minus tolerance dimensions. The holes in

_Flgure 3 are required to be positioned so that their

centers,  as manufactured, will vary cnly within a 0.06

. - -inch diameter circle at maximum material conditions

30 (MMC, smallest holes). If the hole is larger than the

MMC size, then the tolerance circle diameter grows in

proportion. The: true position of each hole is.
referenced to the three indicated surfaces A, B and C.

The operator of the system observes the ideal

35 design or model 20 '6f the part 17 on the display 12



respect to true position, their size is further reduced by t he
anount of posi ti onal tol erance 10 defined. This nmethod sinulates
the condition of the holes as if placed, fQ&.purbosés of the worst case :
part, at  opposite limts of their. allowable positioning

tol erances. Once the worst case part (V|rtual condition, 15 having

maxi mum materi al condi tions HHX|nun1p05|t|onaI devi ati on)

constructed by 3 ionRkls e st’tﬂ'\é-rfé’ncé%alqh%utsi’ﬁ% through grfét? WI th

those of  the keyBjdr@ 1¥ardny onellef g@idr¥l HUldranding sohvesidnyst ed
by the COHDUteuﬂﬁéh its virtual _caondition 2 state. The conputer

checks for conﬁ' Ila[%Pen?ét w&h the "Ezﬂ”t Hherk ngsqrcﬁeé‘r'ance Lhal M
and its matirndlupstration - t e wiisgurecase3, pardiee fi ttruée ctmsmaiata

together with t . St: urge

wor st case pgr t%qfogﬁglﬁ%t%%ﬁﬂf&isls @%atlegrenu%r néd to%&"@r }Eecgh
Figure 7. The appaaps agf - tﬂhﬁgnéiﬁaiﬁx()RQNQQSkanned1unxmndneaterthethe
desi gn may be '%iﬂf Nbnd10! & 5@‘0%"&1%9:“@6 Ccraqeltg?% A a it hange ﬁgeov

bosses with different nomr., sizes; I.e., eonetry C
As may be seen ilyatnafed fpun holkas imythe s @Rk & |-ng The ereammiterdo

not fit, begi pididvdls @he ﬁlm@ﬂsqhﬁfaii Oraﬂa)dltfdl(‘e%tdrﬁ’idf J{H?i%ﬁr’]ic;r{"ﬁ
roug e

Part . ne instance new_ folerances . are ai
system | npelﬁ ﬁzﬂted:@ nGfdnfprmation if, ins R‘?ﬂteer% rﬁg%yrﬁ%ﬁ@‘a&heck
is rmade rel atinstruztilonsnew fiorl er @yntactic Aldorredtiness.,  Omge thelel

geonetry chq:%qn ranctehe sly(# fﬂ@ﬁss 4 aﬁretetmlbml ytzoedCo fO{Oe:rrtecgtr'esf%u' t\ng

nodel change ew gage- t he
tol erance syntcomputser @@mee;@ttes amwm@tafors Qiewe modeslet2lof asxi stdery

tol erances inyel ve§ qurPets ti or.nfg i S GRSy d I‘Ié}f‘éﬁi m
herelnbeforf Cl GVA I may analy any set “of Eﬁéﬁﬂ@n
5 tolerance  symbolism  is" therefore confzrmed With N

knowledge of the design description of the part and
the  tolerances applied to. ‘the described features, an
inspection or functional gage using the same tolerance
references as the part is'constructed by the computer
20 and shown on the display. Accomplishment of such a
step is indicated at A - in Figure 2. The-inspectioni:;
gage data is'stored for future use. ' i
_ The - part  designer has made certain
‘dimensional: and tolerance call-outs .for a part to be
23 used in an assembly. Functional .gadge data has just
been created for the part as described hereinbefore.
.The . system then performs what is called design
ftolerance analysis as indicated ir Figure - 2. The
purpose  of the tolerance .analysis ie to determine if
30 the_@eéigned part as toleranced will £it under all
tolerance conditions with its mating part in the
assembly. Details of this portion of the process are
_illuStrated-'in- Figure . 7. A selection.must be made by
~ the operatoreto;eithet-analyze tolerances assigned to
35 the. part'. by the designer or define new optimal



-§becified t ol er ances. However, CIGVA is currently able to define
new tolerances by' itself for only two 10 special design cases; fixed
and floating fastener tases. In these 7§pecific i nstances where
parts are fastened together (held in tension), the fixed and floating
fastener analysis of Figure 7 i's undertaken. A bolt is an exanple of a

fastener. It rraytogerahaéeua&léns ,g&aet Off 1dxBYing E6EaHetlcéHt O afe
part. A fastener is generalgg Iec ed from Federal standard H 28.
desi gner  choosek®  PRe 2nal¥Zeder CheRscy WORRE CRF@sRaFbqhfrentated byhe

Federal standard pheV|demputée oneemimhrewd panﬂdaids ifora .t hevifedgreal

i | ud th d
et oo h " "eafR1 PO AELEEncRO R %2R o) BBl E L o e
upper and | owers &avéeabhcat bine loker hbimit sofe tinel faoleramoosmmc’on any
tol erance is then,gg gggggggeﬁ#.@e here, dbe d@t“”?h%‘?u%gepelnﬁf’é'ofof'heOf

the hole' are 25 to tness, sira roundnéss and
cylindricity toIeFQh@éaﬂaﬁﬁ-ou?%rt%ﬁguarbﬁteb°1¢ﬁatar%nydhm%%$b@@£d with

posi onal " errorrefpeat theo daEH@E bés?@i@ﬂ’0”€hé§9thsPiethfstrP@rther
position error toleranced. For hol e t L tion

exa i
tol erance is .060redBcedy BYyorthe ¢ m@@%ﬁrtu?% fr5ﬂ§¥¥h?ﬂ% s o ° ¢Fnce
dat uns provi dng defeﬁeﬂence'ahzsfo:nethwe sithatGQSIth@ncomshcmnoflbhlée

no nore than sitign error.
to . guaranteegg?eﬁagf }Etg}%ﬁﬁﬁgeag?F|t@“‘%%ses of th?h ?Bfgraﬁiﬁg
are thereafter anpayzed bgt t hepposptegrabimbtasceofai nthéibt taklewable

no “di mi nuti on 050 ggggﬂgﬁ pgf%*€gce§urface by virtue of hole position

error relative to matin of ‘the part being analgzed. .
Dimnution of fastener Obéarthg worst aease rpakks {Vigtudl acedrditdenyhe

fast ener latenalluavnnghe A8k EmiuA thﬁa@éfiabe'n80ﬂ8§EYéﬁ§ t oghfe epafPhum
that the bearing Sgéigfgng deéev?atxo%? °f a gonstructed by the computer,
 the tolerance call-out datums' are aligned with those
of the matzng _ part. The mating :part is also
_ constructed by the computer in itsr virtual condition
20 state., The computer checks for compatibility between
?\_' . the part undergoing tolerance analysis and its mating
-/ ' part. If the worst case parts fit, the design data
- together uith the tolerance data is stored for future
use. If the worst case parts do not fit, the process
Y _' © 25 is returned to G as seen in Figure 7 The return of
| ~ the process'_to_thls locatlon_occurs_so that the design
may be improved tolerancewise by creating the holes
and/or bosses with different ~nomiral sizes; i.e., a
model geometry change. -
30 _ As may be seen from Fxgure 7, 1f the analyzed
exrstlng tolerances do not fit, begxnnxng at ¢ , a
new check or modlfrcatlon is made on the Part. In one
1nstance new tolerances are obta1ned through the
system input from the desxgner. . A new ' tolerance
35 syntax check. is made relative to the new tolerances.



exanple, lies partially over the hole rather than on the material in
the part surrounding the hole. In 10 summary it 1is seen that
optimal tolerance analysis (definition gf new tol efances) is only
performed by CIGVA for two special c&ses of GD and T tolerancing, fixed
and floating fastener analysis, while. worst cast analysis (analyze
existing tolerances) is perforned by 15 CIGVA for all cases of GDand T

tol erancing. ThéterBatAyedvep f EPFowi Mgdehe pa@ebmetEce otchdagegn t eher ance

anal ysis may beogeelnte8m Fagure antht@um V%of:hetﬁ%“etath(i@zﬂ aﬂlodel
I nspecti on path for the_three dinen ana | e menber whi I'S a pa art

S
of 20 the robofh3R98r FAGARE ﬁageThésdngP%s Bpi FhebYstébe oF°Q§H§ﬁéblng
an inspection patbumiagsetodetanget heyhkaw duagrearQEcEIgurnn31ys1§h%f

process cango ascerta :
i nspecti on gggén¥oﬁe?hgaga§g ﬁﬁ%shégﬁ Bﬂhﬁfagﬁasthéngﬂgpf§lerPetﬂﬁé°&eS|gn .
25 tol erances ofhbhe phatesshdespaibetli immpddptely netblnb&fdﬁelng part.
After the gage has been t -apd;,the nc |y suc essfu
conpl eted,  the inspect ?gghpatﬂggrapﬁhgg§g§e Spgrn§§§ 5 8PspP3§

shown in Fugneelfsed tnéerinsesknduHawevenaasaﬁsMAntlso peurtenalgng
surfaces A Bappad 6 def'ﬂhée néQSp%le?EnEQs”Bgl @@Fsi‘fhgamﬁig EwgB and

C define thf surface gro e I S- shown on g havi
nunber of tl%ssgiﬁlﬁﬁlcﬁ ﬁiﬁnseFééﬁéd tSléGﬁtaéFdoné eRting |n§9§§?h8ﬁ

points " (shomn daséstfaCEnCDtﬁésehespSAszﬁarEnﬁﬁan&@§e|wh39e pakk8Mpre2 oOf -
Fi gure tor __extends from

- is Lte er., ro
t he probe clﬁg?é?nedhﬁs ggeﬁ 3L8§§ tPp t32§1°83' tﬁ e f fdgedongnd
t hereof . A nunbkoabingi spaafenare analyabse bfl- FigheesystisnundeAtaReahe

vector may be,cgyged; EOaHD¥§a@§1Eh3f £aBRERAHC "3E 1Y of) CRhEPych®

each of - |nspec Ion
Figure 5.7 A&erPatfvefy,’ 1thuay|pezthreadedhonppotepaetuorA fasteser
is generally selected from Federal standard H-28. The

designer chooses the fastener - based on stress
requirements. The Federal standard prnvides the screw
thread standards for the Federal services including
20 pody diameter,'bearing_area of the fastener and thread
lengtn. The 'target hole size is calculated together g_j
with the upper and lower tolerance on the hole size
and "‘a’ truelpOSition'tolerance is then prOVided for the
hole, The'datums'for ‘the positlon of the hole are
25 toleranced with flatness, stra1ghtness, roundness and
”cyllndr1c1ty tolerance call-outs to guarantee that any
possible positional error from the datums is below
one<tenth of the true position error toleranced. For
example; if the hole true p031t10n tolerance is .060,
30 any error due to departure from flatness of the datums
providing - references" fer_ the hole position must
contribute no more than .006 to the hole position
‘error. This d serves tOj guarantee part
1nterchangeab111ty. _ - - '
35 The tolerances are thereafter analyzed by the
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Is caused to flash on the display. -Also available is a display in

whi ch the probe cluster 22 noves around 10 the part nodel 20, placing a
probe tip in sequence at each inspection polnt.- The path of the probe
tip in whatever' display is---in use in a particular CH GVA systemis
a |l ogical progression fromone point x to another, <considering the

shortest ' di StanGsograsf WPAska AN 1rald AYAANG] Ol DHifihdtion  of
The-progressmn i's meant to informthe user o-f- the Irection flrom

whi ch the probe WASESRRFsi ERATENGypEYEER e Bur Viddueo 19 ihdfe@osd tden t o
provi de infor mat iedt othir@latayeb @ clthd mAtdny $ate | ifrONEhebeiptkdn Wedng -
probe cluster and the 20, part. _Measur.enents area%?nerated for, each
speci-fic part f yzegd. eacRIPLYEL08nt aOF phaFTLensE nBpafing psurfase
thﬁt fthe_rﬁ_ | arse :etftahrese'to mmlamm_ nt R Rmfeas?@itatnedl l\ditfeftfallﬂlqﬂh iof
-the four holes in the-part .17, ereby.each q e es. is_ fully
defined v ngRe o R ¢ dhosnd BREY bR AnalYand FoSFnd Bxtens Khat,
t he ;;\ngnputer, ufdre beariswgd sur flacens underpatthe peagr amf ian dboddrdarfox -
wi t h~'he depi ct eq. %gn on t i spl.ay. . PLOQS iS r tqQ. a
program intelli %}% S0 _tlﬁg-??o%%t&%f,ﬁ&ﬁd%-t e it%%pziglieor‘f%%a%t\éﬁ- 3:31[%6{1 |Q)sfl
then 30 stored ftche "ﬁhﬁ!ylél- dfe. thﬂh@a.réonﬁuﬁéﬁmmgof thet hiholgorti dm
of the Procﬂ@s,sdnﬁn_ar'fd'i@t 9% Feen ﬂti&tbo%ti'fﬂag.ur%l%r%fm:e?-adafly%is
nodi fication of the -inspection path is. desired, % function I8
entered through tifefdqifdon) ofsney tplegprces) sds  SnlR epegEorged ¢ by
dihS@I/-ay 12 i.$z§mmorﬁdml Imdbmgémalsercas%swcﬁlad?m %(}aét@mmd,n
the T nspection path i r nt t 0 ser V. W to n
I nspecti on point 16‘.862 a&ﬁf%‘;@@%l&g tft(?gﬁégy‘@%t @\Q{Aﬂg%/e of %'toﬁg%rm\?zf‘ﬁte
member to avoi d amalysdst adlanalyze hexdssingtdetianaes) isgerddrmed dint
on a surface i3 (Gchd $o 413 skl JEFPEANLT eIk ON 1S
sel ected, the cursor 1s noved to the
_ The ensuing step following the performance of
- design tolerance analysis may be seen from Figure 2 to
‘involve the generation of an inspection path for the
three dimensionally movable member which is a part of
20 the robot 14 of Figure 1. The details of the step of
L™ :' generating an inspection path are set out in the flow
\~J__ diagram of Figure 7. The process .cannot be entered
until it is ascertained that <an inspection gage for

' the part has been built ané the'analysis of the design

\— 25 tolerances show that the part fits properly with its
mating part. After the gage has. been built and the
tolerance. 'analysis successfully completed, the

inspection path graphics are formed aand displayed as
:shown- in Figure 5. The x's indicate measurement
30 points along surfaces A, B and C. Three inspection
points on each surface A, B and c_define the surface.
A probe 22 is shown on the display 12 having a number
of tips 22a which are se;ecéed to contact one of the
inspection points (shown: at surface C) of the  CAD part
35 model 20.  Item 22 of Figure 5 is termed a probe



addi ti onal I nspecti on poi nt and the program is informed through

t he keyboard of the addition. In the 10 instance where the path of the
novabl e menber is to be altered for purp?ées of avoiding an obstacle, the
i ndi cated function is selected and the clrsor is noved to a point or

poi nts in succession on the display through which it is now desired
that the nov. bIe 15 nenber ayoid_.the obstacle. The
new points ~attiSE S ered iRk eth‘ee‘g%?h p?’b%ﬁ%t t FFERMh { HRe keyPORP® and

the program clsstéptivieaving tae pyebé bipthe2a n@wabtbe—-ﬁpg@erendls
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meant to inform the user of the direction from which
the"probe will -physically approachfthe-Surface to be
inspected and to provide information which may be used
to avoid collisions “between the probe cluster and the
part. Measurements are geﬁératéd - for each specific

part feature at each probe contact point. It may also

be seen that there are three measurement points
associated .with each of the four holes in the part 17,
whereby each of the holes  is fully defined. Having
monitored - the -graphic display of " the path, the
computer, - upon command, forms a ‘path ' program in

‘accordance with the depicted—path on the display. The

. path program is converted to a prograr intelligible to

35

hthe -robot-'14, ~and- -the inspection path-data is then

stored for future use. ~The .combination of -- this

o~
-

/

portion of the  process is indicated at B in both-

'Figures 2 and 7.

If a modification of the inspection - path is. .

desired, a - function is entered through the keyboard 13
and’ the cursor ~or vector on the display 12 is



a menu on the system display called “run job" fromwhich he chooses
ei ther manual or automatic. 10 Wth reference once again to
Rigure 2 the next undertaking in the pﬁ cess: - of t he pr esent
invention is to nmeasure data from. the'‘manufactured part 17.

Measur enent of the physical features of the manufactured part 17 is only
undertaken after the 15 ;nspectlon ggge has been built and the inspection

path has been genSPAtEALAEAGRECFNBHSRESr o ADBEBRcOBNId8S15REN Changes in
Figure-8. Furthethea daspegtbehi opatR nmigde psekbenvbat ber thbeusep WEotﬁa§e

d |1 I b
216 20" her oi nbet BF 888 FRBcEh Lner8er i8R BIERE°“kaY hm: Ut BRE8s boRtr oFo
is.  inplenmented, rheogteredhpobmouameot pfoghenmogabik| mdmbprasoi adotdt an
at E (Flgur§ §§ta@fg taﬁ PheC&vent ?R”%H@H??onaﬂnd?BSpggeiéﬂl B8gn§5

the conputer. ermnse subsequen sequen
manual |y by keyQBaré §BF§§FEonlsot°vhﬁléQ§1EBﬂQedt§ﬁ§ énspactpan;, sachhe

operator. The Or'Snfﬁhbﬁﬂoﬂf i5hgePakted/ OEhethéur§H?p0i§ smevege ¢és ¢ é
sensed by the ca tta hed in,a known, |ocatign over the wor

ng
vol une.  The paﬁggéélﬁFF ntaiPﬁHeFELBQed PS*BFlen?ndthetthSBEEﬁFBH bﬁth
as it is to be1ncarmeadthauugbythbeksyuabka oENbRe. addbeisnvabl gnnegher

i ed al A h..b h b
12. " Posi 11 on at AopsRnERa. RRSEPCAPaF cRRBPCGEoFne pafRELE" RRbpR,1s Eo" BE°!
manuf actured 35 paltered &or pbrpoaed Of ahe1d§agsoan190bsﬁacbe,Cm@@e
attached to they EQEQE daEan£98n §Hi8§teddghﬁ 59h5c§99§?rt§9

for whi ch may . be rou Vi sual e nanufac ured
part. on the displ &9 a129°1n Ther aeagesedin nSueressiop off thetdisplay

manuf act ur ed parttﬁzoughtheaxehaced | RgSt AbRYCab8irkdt UERa¥SCLhe Th8vhBle
I ndi cated In_ﬁ! u&gﬁber sgagl pagg Cto avoid the obstacle., The new
points are entered into the path program through the
keyboard and'the program descriptive of the path of
the movable member is thus altered. Following
creation and/or modification of the inspectidn path,
20 the path program may be called up and displayed as the
cursor undertakes - motibn - throughout the entire

~ ‘inspection path which 1is- indicative of the motion
sequencé followed by the movable member on -the robot

| 14, | - -

~/ 25 _ As seen in Figure 2, following generation of

~the inspection path and'ﬁany ~desired modifications
thereto, the next portion of  the process relates to

_ job execution. Job execution.refers'to any Jjob which
fmay bé performed by CIGMA 1nc1ud1ng cutting parts,
30 perform1ng stat1st1cal process control, etc. - Jobs may
‘be executed: manually by inputs through the keyboard
~or automatically under the control of the computer.
When  automatic. control is desired, .first. the Jjob
contrél language is defined as hereinafter described.
35 Thereafter,' job execution is simulated by a display on



As indicated in Figure 2 followng C , the neasured data for the
-manufactured part 17 (used to 10 construct t he nmeasur ed nodel

17a) is analyzed statistically, as will hereinafter be described in

det ai | in conjunction.” with Fi gur Q_'9 and a determnation 1is
made either by the operator or by the job control program (whichever is in
control) as to 15 whether the nmeasurenent data will be analyzed relative

to the inspect Boscyegn.conAlddr stees- 2b bA ran ﬁtenlshhﬁl&k@ﬂdp@hnttheOf
t he measur e i sto 0 t | ati.on t hose .p bot h.
reikplay.c, °pleo, JSob,  36nRERY Tre? Bl "ERIISH By Ton

In the case o nce he- neasurenen i'S €0 of
those parts, °Pe§at°§taﬁpbﬁﬁﬂaﬁntanﬁpysﬂs dstermheatnanurehamtthe job
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t he process |s in control escrib An Tout
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i dentified. BQV1EHQonca§Qom0fpe@@ébtibﬁ rel@heve eEQtorthﬁakQQnSEh%Cted
i nspecti on asur enent ar.e the i nspecti on
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S'n”|taneOUS|ywh1c5Aﬁe ﬁﬁggsekneftﬁgremgngg Lgrbgﬁgg tlng Lhe

i nspection gage I NSPECT T ON Cnspection points
of Figure 5l0and the neﬂébhenﬁﬁﬁsrengs1tQBCparasaiﬂ mist Bégureonl ehe

before the nggEPaEhaEPLaRkif 2h gﬂe 3Eraea§sst'6§' ﬁuéveyggggéntbe

under t aken. Statistical rom the. process IS )
considering thRVEREIGRegiS pEPt meaapae datﬁlsfrOlpd&hesmanuﬁecturpdrts"

fabrication pastoly. wMEasurément et tﬁéabM§B§calo fé&tuﬂéeftake”ﬁhaagg

8LntféftlZﬁgﬁib%nubﬁsﬁﬂgésgeﬁﬁa 713, oPBL¥c qundns CrkepocaFsRT ghbe 21
and the neakhrEUSDGQuientugedepahas1Beedabuihteandlthd inspection path d
has been generated as described herelnbefore and as

seen in Figure 8. Further, a determlnation 1s made as
to whether the" JOb is to be executed manually by the

operator or automatlcally by the’ system, as also

20 hereinbefore described. In the event automatic job

control is implemented, the stored job control program

is called up as indicated at E (Figure 8) and the

process . continues under control ‘of the computer.
Otherwise, the subsequent functions are "seguenced \j'
- 25 manua11Y*'by' keyboard' selection 'of var1ous menu 1tems |

.on ‘the part of the operator. - ' '

The orientation of the part 17 on the support

'fsurface- 18 is sensed by - the camerw- 16 attached in a

ﬁknown location over the working volume.." The part

- 30 or1entat10n is used to orient the inspect1on path as

it is to be carried out by the movable member. . The
© - movable member is moved along the orxented 1nspection-

path’ by operat1on of the robot 14. Posztxon data for

the physical features of interest on the. manufactured

35 part 17 -are obtained by the sensor 19 (NCI of CMM)

()



dp and conpared graphically on display 12 as well as mathematically in
the conputer 11. The gage 21 f 10 Figure 6A is genéerally shown in the
gol or green on the display - and the nodel 17a of:the manufactured part 17
as neasured nay be brought up on the displaﬁbin the color cyan (light

bl ue).. The gage and manufactured part notldl s are then caused to overlie
so that a 15 vi sual depi ction of t he manuf act ur ed part I n
conpari son W th the gage is shown. Mat hemat i cal anal ysis al so

takes place.  The GBFGFEGdV|%%alt%ﬁctEQQO%onﬁ%ﬂls%he imeagwred fodatahe is

visual confort @énvébee@PeE@t 04 ﬁaﬂm f@ﬁlcﬂeméi'SéibPGught'ﬁ% vBYually
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conputer ic ar e. subseguent used_and ar t ng_stored as

i ndi cated at rg[yanugaeﬁgrei %ﬁ?soﬂ7reﬁilt ﬂgﬁﬂeéorl%v%P?ﬁig?lerto
othef . systens whathre mage. funnisth|hndbuauedtimnFﬁgmheshezdlsnaosed at
|nteg¥ated gaglngcsystenl The conparison results are then fornulated in

30 the form of “an error report as seen in Figure 9. The error report is
then cal led up-on the graphitndicapedy i Figyre 2tfelbowinge @o , the

errors, a oreemedighia dsed! to Oé ehimuiRderie thatel ey Mhadiactpped

part is Mnthlqh t ol erance re are . out of> tolerance
measur enent s, the§OBF BEWGLest FRRt eMeISUERRA | f MOGRY ch'ﬁa) bkS r c¥iR kpged
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_ ' whether the measurement data will be analyzed relative

to the inspection gage constructed at A or from the

standpoint of the measurement history of the

population of those parts, or both. 1In the case of

reference to the measurement_history of the pepulation

. 20 of those parts, a - statistical analysis of the

measurement is performed and a determination is made

from the measurement as to whether the process is in

_ control, as hereinafter described. An ‘out of control

— process 1is stopped and the reason for the statistical

' 25 aberration is identified. In the case of analysis

‘relative to the constructed’ inspection gage, the

measurement data is compared to the'inspection gage 21

of Figure 4. Both analysis relative to the functional

or inspection gage and: statistical analysis of the

30 measurements proceed simultaneously. As seen in

- Figure 9, data representing the inspection gage 21,

the inspection path between inspection points of

Figure 5, and the measurements from the parts 17 must

be complete before . the ‘comparison ‘'step or the

35 statistical survey may be undertaken. Statistical



indicates that the part is rewrkable. |If the gage does not fit the
reworked nodel of the manufactured 10 part, a red |light 1is

illum nated indicating that the manufactured part should be scrapped as not -
rewor kabl e. When statistical anaIyS|s is selected, the statistical

history of a measured .dinension ”*a specified part is reviewed.
A constant nonitor is 15 provided for nmeasur ed di nensi onal
guantities for statistical pur poses. The | ast ent ered part

neasur ement i sdadi evEtom o. thiet cprocrss is tupdapedcecensideringcorheol .
“ That neans a dgégsppé@ti Oté megige s to yﬁfgheruéggtggasugﬁgentb%?ftcurve

i ncluded within the area defined under-a normal distribution

and wi thin pl uSaRF1GARLRN ¢ hrikSEENdar (TRRVI BYPINsOf pl }RALYS1%i kR Péree
sigm) from {f@ert®keén, Ogagde opr r@ia€11§€ie$)ll£|0ﬂs dééidedhepy | eBé

nmeasur ed nensi onal antit S thin the pl hree sigma 25
limts of l'%p?ll%f u%t r%’%?‘i’)ﬁg\n’t hb’l' pr aprr?? tu?‘ﬁ%tf%fnt%%%‘l‘%gégrt her

data from the Witehh . gagé fanalysbyels ckepected, ocher snspactiog gagei del \Dﬁ

brocess T tBppere ersTHiE AELETERIENT ool B8 ofpd “Hrg Labrec
measur enent qummtam@.ammpdteélgyeﬁhlcahby QauéestaY th2 easorwellt has
det ermi ned by ﬁgﬁ“éﬁé{@béi dsihn %gg s&g%%rlcﬁalllproc§ﬁ§ a?é ¥iEeIThe

process is = Uhen repaired so olnts  are y to
occur. 35 Figure 1$09?%%¥%51Y|§h°wanin EBErE?l&Feﬂfeebrogﬂants

listing dep'Cdi la neaﬂ@””@ﬁelnm&@éphlvap6§96381ﬁﬁﬂub&ci@fé@'§&?9 lfor\_)
operating the -~ disclose perforn1n scl osed - gage
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part models are then caused  to overlie so that a -
15 yisual. depiétion of the  manufactured part in
comparison ~with - the gage is' shown. - Mathematical -
analysis also takes place. The colored visual picture
comparison ‘is only for the visual comfort of the
operator' and for verification. It may readily be
20 determined visuélly- if the gage and the part have any ¢
intersecting sd:facés,_because.of the different colors
assigned - to - each. However, it is the mathematical
comparison results generated by the comphter' which are
. subsequently used and are -at this time stored as
25 indicated at D . .The comparison results are held
-_for avallab1lity to other systems which may function
~in- con:unct;on with  the disclosed " integrated gaging
“system. . ' |
L - The comparlson results are then. . formulated in
- 30 the form of an error report as seen in Figure 9. The
b-erfor-report_1s;then;called.up on . the graphic display
12.: :Ifu';there 'are no errors; a. green light is
illuminated to indicate that the manufactured part is
within tolerance. If -there are out of tolerance
35 measurements, they are investigated to see if they can



TO SET UP THE INITIAL CI G MODALS TO | NVOKE THE CI G FUNCTI ONS VI A AN 10

ANVI L MENU SELECTI ON OF 5,11,7 TO RESET THE_OLD MODALS ON EXI T FROM Cl G
NODI FI ED TO SET THE | MPLICI T PO NT MODE TO!®EFI NE AS DI SPLAYED ON ENTRY TO
Cl G - RESTORES TO PREVI OUS VALUE 15 - T ON EXIT MODI FI ED TO NOT CHECK
THAT A DCS |'S ACTI VE UPON ENTRY TO Cl G SOFTWARE MODI FI ED TO SET THE DEPTH
L TNG PG | VD el S B MR EgRdEet bace, aay be
PDOFLG=0 ON ENTR? 249 *savi éé@/%%ﬁ? PRESE eillvﬁs,& %@ﬂﬂ"@)") t by
TO | NDI CATE GEOVIEEE‘pH:J‘caAJlIy VieBRB 1 gANg DRAET| N@llel‘d WBBK VItBGIENL Y.l aFHSE

cesroreD a0 SIoTRy RS R R A FERARRER % ane

NAVE( DI M 5 |go@paringDESOREPTRQE iBUBRDET| NESoCKiedED: halels. VBRSIONhh.S
35 USER WRI TTEN IAY-ESarkYP ( DESGRIR

Defi ne | ocal CO\%%%@ to f a evﬁggetlyggleoﬁgdagﬁ éé é&g %FERI\/A
LMODE = 1 |nplle§ﬂﬁﬁﬂﬁhGUEBG¢rwa§ t yehilowa ddghte 450 ilddundnatest <ﬁhﬁﬂh

was t~e’ graphi cs de)dicatesMeRYt= QHePiIgaR% St:.%”d%réﬂld”f‘k%ﬂi@” Caf the gage
does not fit the reworked model of the manufactured
10 part, a red light is illuminated indicating that the

manufactured part should be scrapped as not reworkable.
Wwhen statistical analysis is selected, the
statistical history of a measured dimensioh of a
- specified part is reviewed. A constant monitor is
15 prévided for measured dimensional quantities for
statistical purposes.  The last entered part
measurement is reviewed to determined if the process
is in control. That means a determination is made as
to whether the measurement is included within the area
20 defined under a normé1=_distribution bell curve and
Lo within plus or minus three standard deviations (plus
o/ or minus three 'sigma) from - the mean of the normal
distribution. If the last measured dimensional
quantity' is within the plus or minus three sigma
"~ * 25 limits of _the normal d1stributxon, the program returns
to measure further data from the part. If a maverick
point occurs falling outside the plus or minus three
sigma limits defined under the bell curve, - the process
is stopped and the statistical ranges for that
- 30 measurement quantity are displayed; The cause of the
error 1is thus determined by analyzing trends in the
statistical process history. The process is then
repaired . so that maverick points are less likely to

occur. j N

35 The following is an  abbreviated program



= 1 inplies Retro-Gaphics input and output device = 2 inplies Code
Activated Switch in use DATA | NI TI ALI ZATI ON 10 BEG N PROCEDURE CALL MVBI TS
(1,01, MODE(30),1) !'SET BIT POSITION 1 TO 1 WH CH SAYS CTRLW ! ENABLED 15 *
SET PDQVOD FLAG SO WE KNOW VHI CH CCRELOA@'TO RETURN TO SET PDQFLG TO

| NDI CATE NORMAL USER |INTERACTION WTH CI G TH'S HELPS CLRALPHA/ | Q08
CLEAR CORRECTLY WHEN NECESSARY SET GOSW10) = PDQVOD, SO WE CAN REENTER AT
TOP OF THIS 20 ROUTINE IFF CX190 IS BEING REENTERED VIA A CTRLI

H T FROM | NSI DH sHiiag E@‘idﬂdﬂdﬁ Mafndr Al MEGALS £ odian RENE=R 90)

PDQ VP ARRAY SR AR B e | Aasteled Y atdll o ileans

THAT I T | S e farsring-VRthe Ofdis NREERED 9asBRAIK leinmcusomnmue CLI NK

| S DONE. %%ﬁﬁggs TUR dx§% d S . LEVEL, 30 SET
PDQCON( | ) %F"?%”gc% g c% 1931’: 'S LINKED TO CLEANUP190.
ANY CHANGES'ﬁ?BRqﬂﬂiﬂﬂxgxmﬁgu IN  THI'S LIST MJST BE REFLECTED | N-THE

VARI ABLE CLEANEHEWSEO T0 SAVE THE .CURRENT MODAL SETTINGS THAT WE
TO (1000, 2000, 3000, 4000, dHXNEH00, 9999, 7000, 8000, 8500, 5 & 9000) , PDQCON{T )
FIRST FRESH CALL TO O@Q®GET BAWHE | IWIF(AI4 Q16 MODAXLS BETWVEEN  FI LI NGS
AND SET TO 0. TH S MSTINREOKIONHBETIH MINGEMNS BECAISE TH S MODAL
MUST BE TIORNED OFF ANVIL:MENU SELECTION OF 5,11,7 =
: TO RESET THE OLD MODALS ON EXIT FROM CIG
MODIFIED TO SET THE IMPLICIT POINT MODE TO
DEFINE AS DISPLAYED - :
_ ON ENTRY TO CIG - RESTORES 70 PREVIOUS VALUE
15 : ON EXIT
MODIFIED TO NOT CHECK THAT A DCS IS ACTIVE
UPON ENTRY TO CIG SOFTWARE
MODIFIED TO SET THE DEPTH ENTRY MODAL MVIEW
(15) AND TO SET THE TIME PERIOD BETWEEN
20 FILING FLAG IMODE(39)
' MODIFIED TO REENABLE THE USERS DCS ON EXIT

SET PDQFLG=0 ON ENTRY AND
~ SAVE SET GEOMETRY PRESENTATION MODAL
(IMODE(8))
25 - TO INDICATE GEOMETRY 1IN ALL VIEWS, AND )
: DRAFTING IN WORK : ' '
VIEW ONLY. . _

'STORE GAGE FILE RELATIVE POSITION POINTERS o/
- - SO THAT OLD GAGE FILES COULD BE RESTORED
.30 IUSER(7),IUSER(8),IUSER(9) s

- ARGUMENTS: | . - )
TYPE. -  NAME(DIM) I/0  DESCRIPTION
SUBROUTINES CALLED:: : :

: ANVIL VERSION 1.5
35 USER WRITTEN -

LOCAL VARIABLES:
TYPE . . ~ NAME(DIM) DESCRIPTION




BEFCRE ANY CALL TO ANVI L. 10 SET RELATI VE RGAGE PO NTERS I NI TI ALI ZE THE

| USER ARRAY IF THIS IS THE FIRST TIMe USER HAS RUN TH S PART THROUGH
THE CI G SYSTEM | F (1 USER(1).LT.0) THEN FI RSTYTI ME THROUGH 15 DO
400 =1, 128 400 CONTINUE END |F I NI TI ALI ZE DEFAULT_FI LE NAMVE SPECI FI CATI ON
SO THAT OPNPRTFIL WLL USE CURRENT PARTS NAME AS FILE 20 NAME DETERM NE

VHERE ALPHAQUT _ H&€i£8) Neca ANEDMIEEN b L&A T SRR NELYy SE T LEEly, CUTPUT
TERM NAL TYPE SETTZKPHATEXDPUnd ERBRRKL TYPE 25 CALL

LDBI T(| MODE( 14) , ALBROPERY, B, Dp SEds WRE d\LﬁbchWtéSa Nee ¢ CALL

LDBI T( | MODE( 14) , ALPHAFREN) 10mp)ies DASERM tbud\HRRE Yo &8)Taéwi & NG
AND WHERE ALPH/S | RECOV | & mmmma:ﬁga\mw&@@ha ALPHAFRO\/I EQ 0)
THEN 5 « ALPHA impliles REOM ex RO SRR CSa:DE\MEpzDETERM NE
GRAPHI CS DEVI CE TYPE |F(|d{1£¢57) EQ O THEN TEKTRONI X 40xx TERM NAL BEI NG
USED 10 £L ElmPi-‘@WEMQS?AcHyiEQd TSN GHEKIRAM & 41X X

TERM NAL BEI NG USED END | F ELSE ALPHA | S COM NG FROM ALPHA DEVI CE 15

USE VT100 KEYBOARD | NPUT_SET END | F .
DATA INITIALIZATION

10 BEGIN PROCEDURE

CALL MvBITS (1,0,1,IMODE(30),1) !SET BIT POSITION
o/ ¢l TO 1 WHICH SAYS
CTRLW
{ENABLED

15 SET PDQMOD FLAG SO WE KNOW WHICH CORELOAD TO RETURN TO

SET PDQFLG TO INDICATE NORMAL USER INTERACTION WITH
CIG. THIS HELPS CLRALPHA/IGOS CLEAR CORRECTLY WHEN
NECESSARY

. SET GOSW(10)= PDQMOD, SO WE CAN REENTER AT TOP - OF THIS
W 20 ROUTINE

IF CX190 ‘IS BEING REENTERED VIA A CTRLI HIT FROM
INSIDE CIG, THEN DO NOT REINITIALIZE MODALS ETC.

IF (REENTER190) THEN !REENTER190 IS SET BY GRU03 IF _

CTRLI HIT CALL PDQINIT(1l) !REINITIALIZE PDQ JUMP ARRAY
25 TO INDICATE NO : '
' END IF '

THIS IS PDQCON LEVEL 1 WHICH MEANS THAT IT IS THE 1ST

LEVEL OF IMBEDDED SUBROUTINE CALLS AFTER A CLINK IS

DONE. TO CONTROL RETURNS FROM CLINKS IN THIS LEVEL,
30 SET PDQCON(1l).. : '

WARNING: LOCATION 9999 IN THIS GO TO IS LINKED' TO _
CLEANUP190. ANY CHANGE ' TO ITS LOCATION IN



+

DETERM NE ALPHA OUTPUT DEVI CE | F( ALPHADEV.-EQ 0) THEN ALPHA OUTPUT IS GO NG
TO GRAPHI CS DEVI CE 20 DETERM NE GRAPHI CS DEVI CE TYPE

| F(1 MODE(57) . EQ 0) THEN TEKTRONI X 40xx TERM NAL BEI NG USED ELSE | F s
(1 MODE(57) . EQ 15) THEN TEKTRONI X 41XX TERM NAL BEI NG USED 25

END | F ELSE | F( ALPHADEV. EQ 1) THEN ALPHA |'S GO NG TO A VT100 ALPHA

DEVI CE END | F ELSE | F(FMCDV. EQ 1) THEN RETRO:- GRAPHI CS TERM NAL USI NG VT100
FOR ALPHA 5 ' | NFELIIS AN STUTINUISTEL SBE | mmm Iy THENVXRIXBVE TH
CAS. USI NG 4014 FOR ALMGLEANURISND ALPHA TERM NAL FOR ALPHA OUTPUT END | F
10 TURN OFF WRI TES TO ALPHA TERM NAL .CALL ALPHAOFF ON FI RST NEW ENTRYSAVE
GOSW SETTI'NGS, TO RETURN TO TH' S CORELOAD (190) WHEN REQUI RED SET UP

VENTSAV( B W&%@B@{Mfm@, 688 298m e 20

SET UP MENUS FI NED WEIGHT TABLE FOR LATER USE CALL -
MENWIRET( NBCHARS , CI GM'S) ' '

FIRST FRESH CALL TO CX190 . ~SAVE: IMODE(146) PERIOD ‘W
BETWEEN FILINGS AND SET TO ‘0. THIS MUST BE DONE AT
THIS LEVEL BECAUSE THIS MODAL MUST BE TURNED OFF
BEFORE ANY CALL TO ANVIL.

10 SET RELATIVE RGAGE POINTERS

- INITIALIZE IT.H'E IUSER ARRAY ‘IF THIS IS THE FIRST TIME
USER HAS RUN THIS PART THROUGH THE CIG SYSTEM

IF (IUSER(1).LT.0) THEN
| FIRST TIME THROUGH
15 DO 400 I=1,128

400 CONTINUE
END IF | | ot

INITIALIZE DEFAULT FILE NAME SPECIFICATION :
SO  THAT OPNPRTFIL WILL USE CURRENT PARTS NAME AS FILE
© 20 NAME -

 DETERMINE. WHERE = ALPHAOUT IS GOING AND SET ALPHAOUT
ACCORDINGLY B

. SET ALPHA OUTPUT TERMINAL TYPE

. SET ALPHA OUTPUT TERMINAL TYPE -
_ 25 CALL LDBIT(IMODE(14),ALPHADEV,S5,0)

' SET WHERE ALPHA INPUT IS COMING FROM
CALL LDBIT(IMODE(14),ALPHAFROM,10,9)



RESTORE THI'S TABLE CALL CLINK(2) 2000 CONTI NUE SAVE CURRENT PART DEFAULT
CURVE WEI GHT 5 SAVE CURRENT PART DEFAULT CURVE FONT SAVE CURRENT :
RRESENTATI ON MODE MODAL SAVE CURRENT PART AULT CURVE COLOR SAVE CURRENT
PART SELECTI ON MODE SAVE CURRENT PART SURFACE PATH DI SPLAY MODALS 10 SAVE
TEXT ORI G N MODAL AND TEXT JUSTI FI CATI ON SAVE | MPLI CI T PO NT MODE SAVE
DEPTH ENTRY MODA T Tl

MDA TO | N %i I G TSR RoRAE AT VR AR v
SAVE CURRENT | 1 | DRAFTI NG EXTENT, TRI M CURVE MODEBLANK
AND UNBLANKEI LLET MODEROTATI ON MODEM RROR MODE SET | MODE 180 TO DEFAULT =0
VWHI CH | MPLI ES 20 @ MRENNE CHANGE, TRI M CURVE- VI SUAL | N WORK
VI EW BLANK/ UNBLANK- TEMPORA| | LLET = VI SUAL | N WORK VI EW ROTATION = 2D
VORK VI EW5 M RROR MODE = IBGAGRHAERQMGEQS P THEN SET SELECTI ON MODAL TO

ALLOVN FOR POl NEER SELECTI ON SERrp¥A l1@PUTPQ NNt FROERIPHT P SPLAYED
CALL MVBITS (2,0, 2, | MODE( 146) , ®gvig® Bl T POSITION 10 AND 1 TO 10 10

| DI SPLAY WHERE DEFI NED SET THE Y MODE ALLOW
FOR PG AL HOVBS VI A A CTRL SHRE-UINE CRAARASS RRyTes 50 THAT TLE
USER DCS CAN BE REACTI VATED ON IEXIIMQIE (37 MEQ /D REHEN OR OP COMPLETE NOT
HIT TEKTRONIX 40xx TERMINAL BEING USED

10 ' ELSE IF (IMODE(57).EQ.15) THEN
o/ ) " - TEKTRONIX 4lxx TERMINAL BEING USED

END IF

ELSE

ALPHA IS COMING FROM ALPHA DEVICE
15 - USE VT100 KEYBOARD INPUT SET

END IF
5~? ' DETERMINE ALPHA OUTPUT DEVICE
IF (ALPHADEV.EQ.0) THEN Lo .
\/ ‘ ALPHA OUTPUT IS GOING TO GRAPHICS 'DEVICE
' 20 DETERMINE GRAPHICS DEVICE TYPE
' IF(IMODE(57).EQ.0) THEN

TEKTRONIX 40xx TERMINAL BEING USED

ELSE IF (IMODE(57).EQ.15) THEN
TEKTRONIX 41xx TERMINAL BEING USED

25 | ~ END IF

ELSE IF(ALPHADEV.EQ.l) THEN



DO WHI LE(. NOT. ( TERM NATE)) REENTER CX190 HERE ON RETURN FROM CX191, CX192
AND CX193 3000 CONTI NUE 20 CALL PDQ NI T(1) DI SPLAY TOP LEVEL C G
MENUS AND FIND OUT WHAT USER WANTS DO TURN ON ALPHA TERM NAL CALL .
ALPHAON 25 CALL Cl GVENUS( MENUNUM NTVAL) N OFF ALPHA TERM NAL = CALL
ALPHAOFF MENU PI CKED IS I N GOSW4) | F ( MENUPI CKED. EQ 2) THEN USER WANTS TO
RUN GAGE/ ZONE CONSTRUCTI ON-5 4000 CONTI NUE CALL CX191 ELSE I F

( MENUPI CKED. EQ'3) THEN USER MAHA IR GRING NEPEETY T G ANL-PEENSRATCEN 5000
CONTI NUE 10 "CALL CX192 ELSE | F ( NENUPI CKED. EQ 4) THEN USER WANTS
TO RUN MEASURED DATA‘EﬁgﬁsghﬁCN 6000 CONTI NUE CALL CX193 15 ELSE

| F( MENUPI CKED. EQ 98 PI CKED. EQ 99) THEN END | F END DO 9999 CONTI NUE
TURN_OFF ALPHA TERM NAL 20 CALL ALPHACFF USER WANTS .TO TERM NATE Cl G-

MODULE. 'ELSE IF(FMCDV.EQ.1) THEN

" RETRO GRAPHICS TERMINAL USING VT100 FOR ALPHA
5 INPUT AND OUTPUT S
. \

ELSE IF(FMCDV.EQ.2) THEN
4014 WITH CAS. USING 4014 FOR ALPHA INPUT AND
ALPHA TERMINAL FOR ALPHA OUTPUT
-\

END IF
10 TURN OFF WRITES TO ALPHA TERMINAL
CALL ALPHAQFF

ON FIRST NEW ENTRY, SAVE GOSW SETTINGS TO RETURN TO
THIS CORELOAD (190) WHEN REQUIRED

SET UP MENUS TO SAVE THE CURRENT CURVE WEIGHT TABLE IN ‘\J
15 UTF

CALL MéNWTSAV(ﬁBCHARs,CURWTs)

SAVE ﬁﬁxeﬁf TABLE
'-:QALE-CFINK(ZT

iboo-courrnug,

- 20 SET UP MENUS TO RESTORE PREDEFINED WEIGHT TABLE FOR
' LATER USE :

'CALL MENWTRET (NBCHARS,CIGWTS) -



RETURN ANVI L DEFAULTS TO THEI R ORI Gl NAL VALUES AND RETURN USER TO
APPROPRI ATE ANVI L MENU RESET ALL MODALS WE HAVE TOUCHED 5 RESTORE OLD

WE| GHT TABLE CALL MENWIRET( NBCHARSCURWIS) TORE THI'S TABLE CALL CLI NK(?2)
7000 CONTI NUE 10 MAKE SURE THE USERS DCS | S ACTI VE BEFORE WE LEAVE | F

( ACTDCSPTR. NE. 0) THEN CALL MENACTPTR(ACTDCSPTR) CALL GRAPHON CALL CLI NK(2)
15 ELSE. CALL NENGEMOA: Ghrs @algdE 2) END | F 8000 CONTINUE 20 RESET OLD
MODALS RESET DEFAULT LEVEL CALL MENDEF(LEVELSAVE) CALL CLINK(2) 8500
CONTINUE ~ BLANK ALL GAGES I N CASE THEY CURRENTLY ARE' NOT BLANKED CALL
MENBLKLVL( LVL1, L\AAY)L @IIINKQ2)NK(2) 9000 CONTI'NUE 5 CALL GRAPHOFF RESET
REMAI NI NG FLAGS WE USED ! I F NORVAL ANVIL JUMP KEY HI T (CFtCP...) ! THEN
GOSVBSAY WAS SET | N GRUSA BEFORE COM NG HERE 10 | NI TI ALI ZE. PDQCON FOR NEXT
ENTRY | NTO Cl G M2DOCESONAINUEDQ NI T(1) TURN ALPHA TERM NAL BACK ON

< 'sAvs cﬁnﬁani PART DEfAULf CURv; WEIGHT
5 SAVE CURRENT PART-DEFAULT éﬁnvz FONT
SAVE CURRENT pﬁEéENTATION MODE.MODAL |
SAVE CURRENTIPAﬁT DEFAULT CUR?E.COLOR
SAVE CURRENT fART SELECTIAN.MODE
SAVE CURRENT 'PART SURFACE.PATH DIspLAy MoDALs
10 SAVE TEXT.ORIGIN'MObAL AND TEXT JUSTIFICATION
_SAVE IMPLICIT POINT MODE
SAVE DEPTH ENTRY MODAL

-/ ' SAVE CURRENT VALUE OF DEFAULT LEVEL

~ SET PRESENTATION MODAL TO INDICATE GEOMETRY IN ALL
_lS’VIEWS, DRAFTING IN WORK VIEW ONLY

SAVE CURRENT IMODE 180 WHICH CONTROLS DRAFTING EXTENT,
TRIM CURVE MODE,BLANK AND UNBLANK,FILLET MODE,ROTATION
MODE, MIRROR MODE

SET IMODE 180 TO bEFAULT =0 WHICH IMPLIES

20 DRAFTING=ONE ENT ONE CHANGE,



CALL ALPHAON TURN GRAPHI CS BACK ON 15 CALL GRAPHON CLEAR ANY LEFT OVER
ALPHA TEXT FROM DI SPLAY CALL CLRALPHA SEE YOU LATER 10500 CONTI NUE 20

| MODE(180) HAS TEMPORARY/ PERM. BLANK ANK | MBEDDED IN IT. | T
MUST BE RESTORED AFTER THE BLANK LEVELS 8 TO 899 TO AVO D POSS| BLE ERRCR
CONDITION THHS FLAG IS SET AS THE VERY LAST THING BEFORE
RETURNING TO ANVIL FROMCIG 5 IF  ANY MENXXXXXX CALL TO ANVIL 1S
EXECUTED W THTRIN OURYVEEVISKUALOIN WORK MEZEWRS ARE LI KELY TO OCCUR. CALL
CLI NK(2) END SBBANE7UNBLANKSTEMBORMABOSE: TO CHECK THE GEOVETRI C TOLERANCE
CALLQUTS FOR SYIRAED e @@ﬁﬁEéTmEsgf’?éS YEEW F THEY CONFORM TO ANSI Y14.5 AND
TO GENERATE THROZAGIONARD2D7WQRE VIEW DESCRI BE MODI FI ED: ADDED GAGEHOLE TO
Pl CKS CALL 15 MIRROR MOQEDDEﬁxéﬁéENéLéIﬂE GRGESANK | ADDED MENU SELECTI ONS
FOR DI SPLAY DATUM AND DEFI NE BLOCK TOLERANCES ARGUVENTS: NONE OUTPUT:

| EEQEEA¢ER¢LE Swéﬂggghbﬁugggng&EK@&#agéé%EEgqﬁﬁgEﬁNégE§53$%§ESIGN .

SUBROUTI NES CALLED: ANVIL VERSION 1.5 - CLI NKREPNT, GRU3BI Q06 25 ~;;

USER WRI TTEN RESHRE re 50 Wb o BEFTRE SEOBRAIARCE

CALL MVBITS (2,0,2,IMODE(146),0) !SET BIT POSITION
10 AND 1 TO 10
10 ' ' {DISPLAY WHERE DEFINED
SET THE DEPTH ENTRY MODAL TO DATA ENTRY MODE

~ALLOW FOR SPECIAL JUHPS_VIA A CTRL SPACE

SAVE ACTIVE DCS POINTER SO THAT THE USER DCS CAN BE
REACTIVATED ON EXIT

15 DO WHILE REJECT OR OP COMPLETE NOT HIT

DO WHILE(.NOT.(TERMINATE)) -

REENTER CX190 HERE ON RETURN FROM CX191,CX192 o/
AND CX193

3000 CONTINUE S | | g“)
20 ~caLL PDQINIT(I) : Lo

DISPLAY TOP LEVEL c1G MENUS AND FIND OUT WHAT USER
_WANTS TO DO

TﬁRN.ON_ALPHA:mERMINAL-
CALL ALPHAON
25 CALL CIGMENUS(MENUNUM,INTVAL)'

TURN OFF ALPHA TERMINAL

*



V

CI'GVENUS - DI SPLAYS MENU CHO CES PI CKS . I NPUTS THE USER ENTI TY PI CKS 30
MODI FY - MODI FI ES DATUMS & RGAGE (GAC;ES) RESLVDAT - RESOLVES THE

EXI STENCE OF ALL DATUMS BEFORE GAGE OR ZC]\I% CONSTRUCTI ON GAGES -
GENERATES ALL GAGES | DGAGE FROM 10 TO 71 ZONESP - GENERATES SP ZONE

| DGAGE FROM 5 . 110 TO 113 DI SPLAY-- DI SPLAYS
GAGES/ ZONES LOCALc AR Abdkord YPE NAVE( DI M .DESCRI PTI ON | NTEGER
| UDAT - PO NTER | GAGE FOR DATUM 10 : FEATURE ! OF

SIZE. THI'S DETERM NED I N INOTE THIS | S STORED .I N COVWON RETURN TO STATEMENT
AFTER THE LAST CAHENT (PITXBIK(PS DEFCOSW({YPE TO BE GAG FOR FI LE TERM NATOR
15 GO TO (19000, 19100, 19200, 19700, 10710, 19800, 19900, 19910, &

20010, 20100, 20110, 20120, 20130, 20140) , PDQCON( 2) I NI TIALI ZE DATA. ALL
THESE VARBS. ARE IN m@mmxm:w&:sermmﬁ SET I N CX190 NOW AND ARE PART
OF PDQCOM 20 | TPREL = WM{I Dl MREL -
-10 25 DETERM NE | F GAC;ES 6%@“5@&@0% | S PART
AND:"IF SO RETRIEVE THE | GAGE RGAGE DATA FROM FI LE - -

| F(1'98ER(2) . NE. § 4@@@ coMPRRSE) - EQ 1) THEN | GAGE AND RGAGE DATA HAS NOT
BEEN RESTORED

CALL CxX191

ELSE IF (MENUPICKED.EQ.3) THEN

~ USER WANTS TO RUN INSPECTION PATH GENERATION
5000 CONTINUE
1o CALL cx192
ELSE IF (MENUPICKED.EQ.4) THEN
USER WANTS TO RUN MEASURED DATA COMPARISON
K;f | '~ 6000 CONTINUE
CALL CX193
Qv/ " 15 ELSE_IF(MENUPchsﬁ.EQ.98 .bR. MﬁNUPICKED.EQ.99)-THEN .
END IF
ENn Do

9999 CONTINUE
. TURN OFF ALPHA TERMINAL

20 CALL ALPHAOFF



30 FROM FI LE YET OPEN FI LE GAGE FI LE WHI CH CONSI STS OF

part name. GAG OR CREATE FILE IF I'T DCESN T EXI ST WRI TE TH S MESSAGE TO
SCREEN AT TOP LEFT CALL FORWRI TE(O, O, 0) VH LE BAD FI LE NAVES ENTERED, OR-
USER HI TS REJECT I N FORCERESP DO WHI LE ( .LT.0) CALL

OPNPRTFI L( | UNI TTYPE, MODESTAT) | F( STAT. LT. 0) THEN 10 : '
COULDN T OPEN [~ ' ) CALL FORCERESP(1, 1)

'REJECT WLL b}AW@D DO READ I N
E

GAGE DATA | F |
AFTER READI NG

RESTGAGE(IUNIT
DATA | F(ERROR) THEN .CALL FORWRI TE(O 0,0) CALL FORCERESP(Il1) ! REJECT WLL

GO BACK TO MNI%#%F% WDALS WE HAVE TQUCEREPACK TO MAIN MENUS GO TO 9000
END IF  END I'F 1000 gtNTINUE DETERM NE 1 GAGE STARTI NG LOCATI ON FOR NEXT

GACE/ ZONE

Rt

o/

'S RESTORE OLD WEIGHT TABLE | | | e
CALL MENWTRET (NBCHARS,CURWTS)
RESTORE THIS TABLE
CALL CLINK(2) __ '.: - R | -
7000 CONTINUE

10 MAKE_SURE THE Usnns.nés 1s Acrxvﬁ_ézponn WE LEAVE

IF (ACTDCSPTR.NE.0) THEN |
CALL MENACTPTR(ACTDCSPTR)
CALL GRAPHON
CALL CLINK(2) | : )

15 ELSE. | o~

CALL MENRTWRVU : S
CALL CLINK(2) .

END IF

8000 CONTINUE
20:'RQSET_Qtn MODALS
' RESET DEFAULT LEVEL
CALp MEﬁDEE(szELsAvg)
CALL CLINK(2)

8500 CONTINUE



CREATED BASED ON THE TOTAL NUMBER OF GAGES/ ZONES SO 5 FAR CREATED DETERM NE
THE STARTING VALUE FOR | GACGE(| USTART) VWH CH PO NTS TO SUBSCRI PT OF RGAGE
TO START STORI NG STUFF | F(I USTART . GI. 1) THEN I F |1 GAGE(| USTART-1) IS
TPSPCOVBOARCS, OR 10 DI MENSI ONI NG gEN HAVE TO COWPUTE THE
NUVBER OF ENTITIES DI FFERENTLY. THE P DURE HERE MJUST BE UPDATED W TH
CHANGES | N FUNCTI ONAL SPECI FI CATIONS. | F(I DGAGE . EQ 140 .OR (I DGAGE . Gt

N i e (1 usTARFEAYE "*E?AEEGE%EB&?&)S@@?NWXEB%%&% b
.20 HAVE A SP CALLOUT I N | GAGE( | USTART - IF(ZCNETYPE EQ 1)

THEN THHS | S-A Bthﬁ{EB@hBBRQﬁLKEVIQyER@H@E ZONE SO W\E STCRE NOM NAL AND
| NNER AND QUTER ZONE PTRS 2 ELSE TH S IS A UNI'LATERAL

PROFI LE TOLERANCE ZONE SO ME 'STORE _NOM NAL AND | NNER OR OUTER ZONE PTRS END
IF 30 . . ERABE CECNRGAGE . EQ: 120) THEN HAVE A +/- DI MENSI ON ELSE

| F(1 DGAGE . EQ 130) THEN HAVE A +/- HOLE POSI TI ON END | F END | F WHI LE
THE .USER HAS NOT SPECIFIED [OR] ...... ..... DO DO WH LE (. NOT. TERM NATE) 5
11008~CONTI NUE 9000 CONTINUE '

5 CALL GRAPHOFF

. RESET REMAINING FLAGS WE USED
~ {IF NORMAL ANVIL JUMP KEY HIT (cF,cP...)
{THEN GOSW3SAV WAS SET IN GRU3A BEFORE
COMING HERE

10 INITIALIZE PDQCON FOR NExrfaurﬁy INTO CIG MODULES
CALL PDQINIT(1)
TURN ALPHA TERMINAL BACK ON
v " CALL ALPHAON

TURN GRAPHICS BACK oN

15 CALL GRAPHON
:cﬁﬁén ANY LEFT OVER ALPHA TEXTIFRGM_DISPLAY
CALL CLRALPHA

..SEE_YQU ﬁATﬁ#:-
10500 CONTINUE

20 IMODE(180) HAS TEMPORARY/PERM BLANK UNBLANK IMBEDDED



FI RST ERASE ANY MESSAGES ON THE ALPHA SCREEN CALL CLRALPHA RETURN THROUGH
HERE | F USER H TS RcR or Z 19000 CONTI NUE 10 REQUEST MENU CHO CES 1-2 CALL
Cl GVENUS(12, 1 DUM CALL PDQNI T(2) FINITIALI ZE PDQCON  »
FROM 2 ON... IF (MCHO CE. EQ 98 . OR I\/CH@-%E EQ 99) THEN 15 REJECT
OR OP COVPLETE HI T ELSE- DON' T TERM NATE YET END | F 1400 CONTI NUE 20

I F(. NOT. TERM HQTE yq/AND. 14 N%Q‘ 88 REBTORED NATEMCHHECBLANK IEVELEN

| F(MCHO CE . Eg %bsT'z‘gNAvox BodE 1BAEUNRROR] CONDPNEIONJE CALL DDPI CKg(1 ERROR)

ELSE | F( MCHO "EQ "2) "THEN 5 DEFINE TPr SP, PT, CX, SP

19200 CONTI NUE CALL TPPI CKS( GAGEHOLES, ERROR)" ELSE | F(MCHO CE . EQ 3) THEN

CREATE PLUS MriY§ Z@iEGlOrs SET AS THEALWERIQ WAET) THIWW CEEFOM#E CALL

PMPI CKS( ERRORRETUSNING( WOHANGTL FROMICIGHEN DI SPLAY A GAGE 15.

CALL PDQ NI T§ 2F 19AKY CHERXNXEXRALICADLSPITOY BENSEL F ISVCIBIBCHTER 5WIMHEN
PERIODIC FILING ON, THEN ERRORS ARE LIKELY TO OCCUR.

CALL CLINK(2) : ' o N\
END

SUBROUTINE CX191

o/
10 PURPOSE: TO CHECK THE GEOMETRIC TOLERANCE CALLOUTS
- FOR SYNTACTIC CORRECTNESS TO SEE IF THEY
CONFORM TO ANSI Y1l4.5 AND TO
_GENERATE THE GAGES AND ZONES THEY DESCRIBE
MODIFIED: ADDED GAGEHOLE TO PICKS CALL
15 .ADDED GAGEHOLE TO GAGES CALL
ADDED MENU SELECTIONS FOR DISPLAY DATUM AND
DEFINE BLOCK TOLERANCES
ARGUMENTS: NONE
' - I -
OUTPUT: RGAGE ARRAY CONTAINING ALL THE INFORMATION
20 NECESSARY TO GENERATE THE GAGES.
- ALSO, OUTPUTS ERROR MESSAGES FOR INCORRECT _
DESIGN. . W,

_SUBROUTINES CALLED:

. ANVIL VERSION 1.5 - CLINK,REPNT,GRU3B,IG06

25 ' USER WRITTEN: o _
. RESLVDAT - RESOLVES DATUM LETTERS STORED
' IN RGAGE = = . :
CIGMENUS -- DISPLAYS MENU CHOICES
_ PICKS - INPUTS THE USER ENTITY PICKS
30 . MODIFY - MODIFIES DATUMS & RGAGE
' (GAGES) . )

RESLVDAT - RESOLVES THE EXISTENCE OF ALL
- -+~ DATUMS BEFORE GAGE OR ZONE



DELETE A GAGE 20 CALL PDQ NI T(2) 19800 CONTI NUE CALL
DELGAGES ELSE | F(MCHOI CE . EQ 6) THEN DI SPLAY DATUMS 25 CALL
PERQ NI T(2) 19900 CONTI NUE CALL DI SPDAT ! DI SPLAY DATUM DEFI NI TI ONS ELSE | F

(MCHO CE. EQ 7) THEN DEFI NE BLOCK TO_ERANCESQEQ : CALL

PDQ NI T( 2) 19910 CONTI NUE CALL DEFI NBLK END | F CALL PDQ NI T(2)
FI'NITI AL ZE PDQCON FOR LATER 5 USE ELSE I'F (MCHO CE. EQ 98 . OR
MCHO CE. EQ 99) THEN REJECT OR OP COWPLETE . RN TO MAIN O G

CORELOAD NAMELY CX190 10  gagEsSE NOT, . %ggg igcigé' NOT. -
TERM NATE ~ AND. . NOT. ERROR . AND. VALID gy CECED

. OR MCHOI CE. EQ 3)) THEN 15 ZONESP - TEwpPRNrks o8 ARASE

PROCESSED .AND SBORED | NTO RGAGE.  THE Rcfg§x¢5%g§1 _ F&éﬁhéiifhgyNs
THE DATA NECESSARY TO GENERAJESPLATAGE. pTSPtAYS IEAGES/MSNESASSED PARSI NG
TESTS. 20 |F A COMPCSI TE GAGE, |.E., MLTIPLE TP'S - OR

CZ'S ORPT'S (MAX OF 3), THEN DI SPLAY THE GAGES |IN THE ORDER THEY WERE
PICK%Eb U - | NDEMOGCAR VARIABLESY\H CH WLL BE

TYPE NAME(DIM) =  DESCRIPTION
INTEGER - IUDAT - ~ 'POINTER IGAGE FOR DATUM
10 . FEATURE
!OF SIZE. THIS DETERMINED IN
U | - !NOTE THIS IS STORED IN COMMON

RETURN TO STATEMENT AFTER THE LAST CALL TO CLINK(2)
DEFINE TYPE TO BE .GAG FOR FILE TERMINATOR

15 GO TO (19000 19100,19200,19700,10710,19800,19900,19910,
& 20010 20100 20110 20120 20130 20140),
PDQCON(Z)

INITIALIZE DATA. ALL THESE-VARBS. ARE IN CX191COM.FOR

P
( 3

THESE ARE SET IN CX190 NOW, AND ARE PART OF puocon
| 20 ITPREL = 27
W, . ISPREL = 27
' ISTORUS = 257
IARCREL = 10
= 10

IDIMREL

25 DETERMINE IF GAGES HAVE BEEN PREVIOUSLY CREATED FOR

THIS PART AND IF 8O, RETRIEVE THE IGAGE/RGAGE DATA
FROM FILE S : :

- IF(IUSER(Z).NE.lH.AND, IUSER(l).EQ.l) THEN

IGAGE AND RGAGE DATA HAS NOT BEEN RESTORED
30 FROM FILE YET

OPEN FILE GAGE FILE WHICH CONSISTS OF



DEFI NED NEXT- AT THI'S PO NT | N THE CODE 25 VE HAVE (1U - 1)
GAGES DEFINED. | UGAGE = INDEX OF THE NEXT GAGE TO BE DI SPLAYED. SET
RGAGESTRT FOR LATER USE | N NMOB DI SPLAY THE GAGES/ ZONES 30 -

DO WHI LE (1 UGAGE . LT. | UMAX) NOW RGAGE F@RxCURRENT GAGE | S COVPLETELY
FILLED, DETERM NE THE GAGE TYPE AND THEN CONSTRUCT GAGE. CALL GDTTYPE
(ERROR) 35 | F(. NOT. ERROR) THEN | F (1 DGAGE. EQ 80) GO TO 20010 GO
TO (20010, 20010, 2Q010...20QL0,. 2 _.20Q10,. 20010, _ 20080,
20090, 20100, 20110, & §§%§ZE$0% _;050%%é$?3 §Iﬁ§GAéEF Fo DEESN'Bba NI T( 2)

| INITIALI ZE FROVR ON 20888 CoNTI NUE' CONSTRUCT THE GAGE SPECI FI CED BY 5

| DGAGE CALL GAGES (GAGEHOLES) GO TO 30000 20080 CONTI NUE DUMMY GAGE 10

R T N e e i ST
SURFACE PROFI LE ( SAME A LI'NE P CALL ZONESP

5 DO WHILE BAD FILE NAMES ENTERED, OR USER HITS \/
REJECT IN FORCERESP

DO WHILE (STAT.LT. 0)
CALL OPNPRTFIL(IUNIT TYPE MODE STAT)

IF(STAT;LT.O) THEN d
10 - ~ COULDN'T OPEN GAGE FILE
: ' CALL FORWRITE(D ERR_LINE,0) _
CALL FORCERESP(I 1)~  IREJECT WILL
GO BACK TO MAIN CIG. MENUS.
END IF
15 END. DO
READ IN GAGE DATA IF IT SHOULD BE ON FILE
IF (IUSER(1).EQ.1) THEN - | o
CALL RESTGAGE(IUNIT,ERROR)
'END IF ~
_20  . CLOSE GAGE FILE AFTER READING DATA

IF(ERROR) THEN

'CALL FORWRITE(0,0,0) |
CALL PORCERESP(1,1)  !REJECT WILL GO BACK
| | - TO MAIN CIG MENU

25 GO BACK TO MAIN MENUS
GO TO 9000

END IF



20 GO TO 30000 20120 CONTI NUE CONSTRUCT A +/ - ZONE FOR
ENTI TY CALL ZONEPLM GO TO 30000 25 20130 | NUE CONSTRUCT A +/- ZONE FOR
HOLE POSI TI ON CALL ZONEDUMY(| DGAGE) GO TO 3G000 30 20140 CONTI NUE
CONSTRUCT A COVBI NATI ON GAGE CALL ZONEDUMY( | DGAGE) 30000 CONTI NUE END OF
COVPUTED GO TO ON GAGE TYPE 5 SET PDQCON SO THAT OTHER ANVI L
CALLS ARE HANDLEND.@BALLY. END | F CALL PDQ NI T(2) END DO 10 END | F END DO
9000 CONTI NUE TERM NATE CX191 EXECUTI ON AND RETURN TO CX190 SET |GAGE TO
BE CONSISTANT WTH NUMBER OF GAGES 15 ACTUALLY CREATED (I USER(3))
RESET | USER(1) AQDO0 QOSDIMWE |F NO GAGES/ ZONES HAVE BEEN CREATED
| E(1 USER(3) . LE. 0) THEN NO GAGES/ ZONES EXI ST FOR THI s PART YET 20 END | F GO
TO CI G MAIN MENUS CX190 | NI TI ALl ZE P RO (2 %QCMLP NLT(2)
SET PDQOON( 1) =3 OBTERMINEE RGAGE-RSTA TING LOCATION FOR REXT GA E/20

CREATED BASED ON THE TOTAL NUMBER OF GAGES/ZONES SO

5 FAR CREATED

i;; _ : .
DETERMINE THE STARTING VALUE FOR IGAGE(IUSTART) WHICH
POINTS TO SUBSCRIPT OF RGAGE TO START STORING STUFF
IF(IUSTART .GT. 1) THEN

_ IF IGAGE(IUSTART-1) 1S TP,SP,COMBO,ARCS, OR :
10 ' DIMENSIONING THEN HAVE TO COMPUTE THE NUMBER
~ OF 'ENTITIES DIFFERENTLY. THE PROCEDURE HERE
MUST BE UPDATED WITH CHANGES 1IN FUNCTIONAL
SPECIFICATIONS.

IF(IDGAGE .EQ. 140 .OR. (IDGAGE .GE. 10 +AND.
15 - - IDGAGE .LE. 81)) & THEN

HAVE A TP (OR COMBO) CALLOUT IN IGAGE
(IUSTART - 1)

ELSE IF(IDGAGE .GE. 110 .AND. IDGAGE .LE. 113)
THEN

{;; 20 HAVE A SP CALLOUT IN IGAGE(IUSTART - 1)
IF(ZONETYPE.EQ.1) THEN

THIS IS:A BILATERAL PROFILE
_ . - TOLERANCE ZONE SO WE STORE NOMINAL
W/ ’ . ~ AND INNER AND OUTER ZONE PTRS
25 -~ - ELSE .
' ' THIS IS A UNILATERAL PROFILE
TOLERANCE ZONE SO WE STORE NOMINAL
AND INNER OR OUTER ZONE PTRS

END IF

30 ELSE IF(IDGAGE .EQ. 120) THEN
HAVE A +/- DIMENSION

ELSE IF(IDGAGE .EQ. 130) THEN
HAVE A +/~- HOLE POSITION



25 CX190 AT THE MAI N MENU REQUEST CALL CLI NX(PDQVOD) END SUBROUTI NE
CX192 PURPCSE: MAI N DRI VER FOR NC PATH GENERATI ON 5 TO GENERATE A NC PATH
THAT CONTAINS PO NTS ON EACH ENTITY OF A PART THAT IS TO BE CHECKED FOR .
TOLERANCES MODI FI ED:  REARRANGED THI S DRI " TO.ALSO ALLOWFOR 5 AXI'S PO NT -
TO PO NT PATH GENERATI ON 10 ARGUMENTS: T ARGUMENT /0O

DM DESCRI PTI ON SUBROUTI NES CALLED: ANVIL VERSION 1.5 - CLI NK USER

VIRI TTEN SUBROUTI NES - | NSPCNTRLDI SPPATH, 15 MODI FPATHPDQ NI T LOCAL

VARl ABLES: TYPE % DM DESCRIPTION THIS |S PDQCON

LEVEL 2 VWH CH MEANS T 'II | S THE 2ND LEVEL OF | MBEDDED SUBROUTI NE CALLS
AFTER A CLINK IS 20 DONE. TO CONTROL RETURNS FROM CLINKS IN THI' S
LEVEL, SET PD@HaN(gp . GO TO (1000, 2000, 3000, 4000, 5000, 6000,

7000), PDQCON( 2) ‘DATA | NI TI ALI ZATI ON- SET DEFAULT LEVEL. FOR PATHS AND PO NTS
CREATED 25 DO WHI LE (. NOT. TERM NATE) 1000 CONTI NUE ASK USER TO PI CK

| NSPECTI ON MVEM# 138 LTHE @ERRUIHAS . NodNdpEet e 51PQ &Q.( 2). 2, eueaD -
| F(MCHO CE. EQ 98 . OR.- I\/CHC] CE. EQ 99) THEN REJECT OP COWLETE HI T ui

DO WHILE (.NOT. TERMINATE)

5 11000 CONTINUE

' FIRST ERASE ANY MESSAGES (ON THE ALPHA SCREEN
CALL _CLRALP_HA ' : ~

RETURN THROUGH HERESIF USER HITS R,CR or 2
19000 CONTINUE

10 REQUEST MENU CHOICES 1-2
CALL CIGMENUS(12, IDUM)

' CALL PDQNIT(2) - 3 B 'INITIALIZE PDQCON
— _FROM 2 ON...

._IF (MCHOICE EQ. 98 .OR. MCHOICE EQ. 99) THEN
15 REJECT oa OP COMPLETE HIT
R noniT:TBRMINATE YET
END IF
1400 CONTINUE

- 20 IF(fﬁbr.TERMINATE AND. -
& MCHOICE .GE. O .AND.' MCHOICE. .LE. 8) THEN

IF(MCHOICE .EQ. 1) THEN



DO NOT ALLOW AN EXI T UNLESS PATH FI LED OR DELETED. ALSO DELETE HOVE PT

ILF .ONE CREATED. 10 CHECK TO SEE | F A HOVE PO NT HAS BEEN CREATED

| F(HOVEXI ST) THEN. HOVE PO NT EXI STS. CHg?‘K TO SEE | F A PATH HAS BEEN
CREATED. | F(PHEXI ST) THEN 15 o SINCE A PATH EXI STS, THE USER.
HAS NOT FILED THE PATH.  THEREFORE, FIND OQUT |F WSHES TO FILE OR
DELETE THE PATH OR RETURN PErINE BaPtMs2000 CONTI NUE 20

CALL CI GVENUS(16, IDUM CALL PDQ NIT(2) IF(IANS .EQ |) THEN USER W SHES TO
FI LE THE PART CALL FI LEPATH 25 ELSE I F(1 ANS . EQ 2) THEN USER

W SHES TO DELETEILIGD RORTIGWEL. DELEPATH ELSE I F(I ANS . EQ 3) THEN RETURN TO
MENUS FOR CREAT/ MODI F/ 30

| - - P/ FI LE ELSE | F(1 ANS . EQ 98
.OR | ANS .EQ 99).THEN @E%EF%%@%dﬁ%@é%?@éER | NG THAT MUST ANSVER
WTH 1,2, OR 3. 35 E9e I"TE(0, 0 ,0) CALL
FORCERESP(2, B END IF 37 BESENFOTEATSPEXPIFSCXBUPPHOVE PT DOES. DELETE
THE HOME PO NT BEFORE EXI TI NG

b 19200 CONTINUE

CALL TPPICKS(GAGEHOLES, ERROR)
ELSE IF(MCHOICE .EQ. 3) THEN

CREATE PLUS MINUS ZONE
10 CALL PDQINIT(2)

19700 CONTINUE _
CALL PMPICKS(ERROR)
ELSE IF(MCHOICE .EQ. 4) THEN
.~ DISPLAY A GAGE
15 'CALL PDQINIT(2)

19710 CONTINUE
- CALL DISPLAY
ELSE IF (MCHOICE.EQ.5) THEN
_ DELETE A GAGE
20 - CALL PDQINIT(2)

19800 CONTINUE
. CALL DELGAGES .
ELSE IP(MCHOICE .EQ. 6) THEN
| DISPLAY DATUMS
25 . CALL PDQINIT(2)

19900 CONTINUE :
o CALL' DISPDAT !DISPLAY DATUM DEFINITIONS
_ ELSE IF (MCHOICE.EQ.7) THEN '
' DEFINE BLOCK TOLERANCES
30 . CALL PDQINIT(2)



CALL MENDELPTR(1, HOVEPTR) 5 CALL CLINK(2) 3000 CONTI NUE END
| F ELSE HOVE PT DOES NOT EXI ST 10 END | F ELSE | F(MCHO CE. EQ 1) THEN
USER WANTS TO CREATE | NSPECTI ON PATH CALL MENDEF( PATHLEV) CALL CLINK(2) 15
4000 CONTINUE NOTE: DOUBLE USER OF S.N. 4000 FOR CLINK & I NSPCNTRL GO TO
THE DRI VER FOR PATH GENERATI ON CALL | NSRCNTRL CALL PDQ NI T(2)

NI TIALI ZE FROM 2 ON 20 ELSE | F (MCHO GFEQ 2). THEN USER WANTS TO MODI FY
| NSPECTI ON PATH FOR A G VEN LEVEL OR POSSI BLY JO N PATHS ON DI FFERENT

LEVELS 5000 I@U@S@EWI FPATH 25 CALL PDQ NI T(2) _
FI'NITIALI ZE F : F (MCHO CE. EQ 3) THEN USER WANTS TO DI SPLAY
PATHS AGAI N 6000 CONTI NUE CRALIDDEFRANBBK CALL PDQ NI T(2)

FI'NITIALI ZE FROM 2 ON (MCHO CE . EQ- 4) THEN USER W SHES TO FI LE THE

PATH™CREATED 7000 CONTI CALL FI LEPATH CALL PDQ NI T(2) END I F END

DO GO TO O G MAI N NENUSAGEI ®PQINIT(2) !INITIALIZE PDQCON FOR LATER
5. ~ USE n

ELSE IF (Mcaorcz £Q.98 -OR. Mcaorcz.so.ss) O
THEN

REJECT OR OP COMPLETE. HIT, SO RETURN TO
- MAIN CIG CORELOAD NAMELY CX190

10 ELSE _
NOT A VALID CHOICE

END IF

IF(.NOT. TERMINATE '.AND. .NOT. ERROR .AND. VALID .AND.
& (MCHOICE .EQ. 2 .OR.MCHOICE.EQ.3)) THEN

15 THE ANVIL DATABASE HAS BEEN PROCESSED AND
. STORED INTO RGAGE. THE RGAGE(IGAGE(IU))
ARRAY CONTAINS THE DATA NECESSARY TO
GENERATE A GAGE. ALL - TEST HAS PASSED
PARSING TESTS.

20 IF A COMPOSITE GAGE, I.E., MULTIPLE TP'S
" OR CZ'S OR PT'S (MAX OF 3), THEN DISPLAY
THE GAGES IN THE ORDER THEY WERE PICKED.
IU = INDEX POR THE GAGE WHICH WILL BE -
DEFINED NEXT-AT THIS POINT 1IN THE CODE
25 WE HAVE (IU - 1) GAGES DEFINED.

IUGAGE = INDEX OF THE_ NEXT GAGE TO BE ~ o

- ~ DISPLAYED.
| ~ SET RGAGESTRT FOR LATER USE IN NMO3
DISPLAY THE GAGES/ZONES .
30 DO WHILE (IUGAGE .LT. IUMAX)

NOW RGAGE. FOR CURRENT GAGE IS
- COMPLETELY FILLED, DETERMINE THE
GAGE TYPE AND THEN CONSTRUCT GAGE.

' CALL GDTTYPE(ERROR)
- 35 . IF( NOT. ERROR) THEN -
: ' IF (IDGAGE.EQ.80) GO TO 20010
.60 TO (20010, 20010, 20010, 20010,
20010, & 20010, 20010, 20080, 20090,
20100, 20110, & 20120, 20130, 20140),



10 | NI TI ALl ZE PDQCON CALL PDQ NI T(2) SET PDQCON(I) SO WE ASK FOR MAIN CI G
MENUS | N CX190 CALL CLI NK(PDQVOD) END 15 SUB | NE CX193 PURPCSE: MAI N
CORELOAD TO COVPARE MEASURED DATA AGAI NST S OR ZONES ARGUMENTS: . 20
TYPE NAVE( DI M) /D DESCRI PTI ON SUBROUTI NES CALLED: ANVI L
VERSION 1.5 - USER WRI TTEN - LOCAL VAR ABLES: 25 TYPE NAMVE( DI M)

DESCRI PTION THI S | S PDQCON LEVEtpgReeH&H MEANS THAT IT IS THE

SECOND LEVEL OF | MBEDDED SUBROUTI NE CALLS AFTER A CLINK | S DONE. TO CONTROL
RETURNS FROM CLINKS | N THI'S LEVEAEL RBRPBHPG 2) { INNTIALIZE FROM2 ON
(1000, 2000, 3000, 4000, 5000) , PDQCON(2) 5 ASK USER TO PI CK | NSPECTI ON MENU DO
WH LE(. NOT TERM % %@% NUE CLEAR ALPHA SCREEN CALL CLRALPHA 10
CALL CIGNENUS(14 NI T(2) | F(MCHO CE. EQ 98 . OR. MCHO CE. EQ 99)
THEN REJECT OR OP COVPLETE HI T ELSE CONSTUCY GFEFEQAQE 8¢ SrceD By  USER
WANTS TO RETRI BVE: NEm/NEASURED DATA FIGAGER/ACH NE 2000 CONTI NUE CALL

READMEAS : CALL GAGES (GAGEHOLES)

N | GO TO 30000

20080 CONTINUE
DUMMY GAGE

L 10 20090 CONTINUE
DUMMY GAGE

20100 CONTINUE
CONSTRUCT A LINE PROFILE

| CALL ZONESP
15 | GO TO 30000

20110 CONTINUE

- | | CONSTRUCT A SURFACE PROFILE (SAME
L | 'AS LINE PROFILE FOR NOW) -

. _ CALL ZONESP
20 o | GO TO 30000

20120 CONTINUE o -
- .  CONSTRUCT A +/- ZONE FOR ENTITY

CALL ZONEPLMI
GO TO 30000

25 20130 CONTINUE

" .CONSTRUCT A +/- ZONE FOR HOLE
POSITION

CALL ZONEDUMY(IDGAGE)
GO TO 30000

30 20140 CONTINUE



CALL PDQ NI T(2) I NI TI ALl ZE FROM 2 ON 20 ELSE | F ( MCHO CE. EQ 2)
THEN USER WANTS TO RETRI EVE OLD MEASURED DATA FROM FI LE 3000 CONTI NUE CALL

READMEAS 25 CALL PDQ NI T(2) 'INITIALI ZE FROM 2 ON ELSE I F
(MCHO CE. EQ 3) THEN: USER WANTS TO ANALY%\ RETRI EVED MEASURED DATA 40
4000 CONTI NUE CALL PROCMEAS CALL PDQ NI T(2) TINITIALI ZE FROM 2 ON

ELSE | F (MCHO CE. EQ 4) THEN 5 EMEER WANTS_ TO DELETE ALL MEASURED
DATA 5000 CONTI NUE CALL DELNMDATA EREFTRUERCACEPHBINATION GAGBON(2) TO
RETURN TO THI S ROUTI NE ON CLI NKS ©8BB ZOREDUME( EBRABREREQUESTED TO SKI P OVER
REST OF ROUTINE GO. TO CI G MAI N MENUS CXI 90 | NI TI ALl ZE PDQCON 15 CALL

PDQ NI T(2) SET PEE6§)£ ), SO VE ASK FOR MAIN CI G NENUS N CX190 CALL

~ CLI'NK( PDQVOD) 3889 NTENVErence now to the data fIOM/dlagran120 of

Figure 10 of the draw ngs, gfh’gfteoRPUTED E§8OMB ol gﬁﬁé Cl GVA

nmodul es execgte. The user OSp@PPHAESH Sﬁt@ﬁﬂ@témﬁhkha Ssyﬁﬁ
through one or nore inputgaNbped LOEXLEES as represente B e user

/O device 30 in 'Figure _10. This device can any
END IF - .
CALL PDQINIT(2)
END DO
10 END IF R

END DO ' R ~/
‘9000 CONTINUE
TERMINATE CX191 EXECUTION AND RETURN TO CX190

-SET IGAGE TO BE CONSISTANT WITH NUMBER OF GAGES
15 ACTUALLY CREATED (IUSER(3))

'RESET IUSER(1) AND IUSER(2) IF NO GAGES/ZONES HAVE
BEEN CREATED e o/

IF(IUSER(3) LE.O) THEN
NO GAGES/ZONES EXIST FOR THIS PART YET ~/

20. END IF .
GO TO CIG MAIN MENUS CX190
INITIALIZE PDQCON FROM (2) TO (7)

CALL PDQINIT(Z)

SET PDQCON(l) 3 SO THAT WE REENTER
25 CX190 AT THE MAIN MENU REQUEST



interactive graphics term nal which- can di spl ay, mani pul ate and
identify three dinensional wire frame images as well as al pha nuneric text.
The drivers for the 1/0O devices and asgéiiated software routines are 5
provi ded by a CAD data base generator shown ‘at 31. ACGW 1/0

processor, seen at in Flgure 10, is a further link in the

i nteraction betweggy, ac - Interaction between a user
and CIGVA is prOV|de y t CA ata base generator 31 of Figure 10
10, -as well. Such. |nteract|on is exenplified.by I/O processor

performance of tgpfunctions of selecting individual C GVA nodules,
entering nunbers through a keyboard or by picking or selecting geonetry,
needed as input for the creation of a gage. The CAD data 15 base generator
capabilities ar@UBROUTENE \}CX19&ed in creating the gage graphics,
but the CIGVA 1/0O processor creates the conmands to activate appropriate
CIGVA routines and to retrieve data fromthe data base. An interface
specification i SPURRASEIed MALN RRINERCADR NCIRATHGENERATIONO wite
subr&etines which allow the CAD data base generator to plug directly into
Cl GVA. The routlnes resulting fromthe interface specification provide

the means by wRi TP CERERATR(A NGt PATH [ JFHAT { HCONTAENS PQEFNTS VWEACH
it presents 25 $$ﬁ¥#¥m§qcﬁlEQEQ‘?&ﬁ?fﬁ§LEQHBE|¢ﬁ¥ﬁ¥ﬁ@l%ﬁﬁ TRERRANCES

exchanged t hroughout the CIGVA system in one of the follow ng ways as
seen in Figuregbﬁl?\éf | nt er nrodul e conmuni cati on IS achi eved 30
ORET HER:

;Pa\t&gg?i E:QF Slesul ts are :vi\;?t P% @%‘%%dfgﬁéé)%,r%ﬁﬁ@é%ﬁgﬁl | es

34. 3. Positional data
el ect r omechani cal inspection deV|ces, such as

10 ARGUMENTS: :
TYPE . ARGUMENT . 1/0 DIM DESCRIPTION

S0

SUBROUTIMNES CALLED:

< ANVIL VERSION 1.5 - CLINK
USER WRITTEN SUBROUTINES - INSPCNTRL,DISPPATH,
15 MODIFPATH,PDQINIT

v

LOCAL VARIABLES: _
TYPE - NAME - DIM DESCRIPTION
o/

THIS IS PDQCON LEVEL.2 WHICH MEANS THAT IT IS THE 2ND
LEVEL OF IMBEDDED SUBROUTINE CALLS AFTER A CLINK IS

20 DONE. TO CONTROL RETURNS FROM CLINKS IN THIS LEVEL,
SET PDQCON(Z). -

GO TO“(looo,zooo,sooo,4000;5000,6000;7000),pnqcon(Z)
DATA INITIALIZATION
'SET DEFAULT LEVEL.FOR PATHS AND POINTS CREATED

25 DO WHILE (.NOT.TERMINATE)



42 coordinate neasuring  nmachines, Vi si on systens, nunerica

control machi ne tools and |aser range finding devices represented at
35 in Figure 10. The CAD data base gengnator 31 of Figure 10, 5is :
essential to many of the Cl GVA operati«ths providing 3D CAD geonetry as

i nput . In addition, many of the CIGVA operations create and display

3D CAD geonetry as output. ClGVA was designed so that a CAD data base
generator (1080 CONTENVE- 4000, *Unigraphics, *CADAM 10 could be

*pl ugged” into thﬂsﬁyﬁéﬁﬁ‘ Tah?I@ﬁDIﬁgtﬁc’Méﬁ ggRgrator allows the

user to generate ?fs and allows CIGVA to use the
intrinsic CAD fuﬁbPFoﬁ%GnEFHs v&BP8) and display CAD geonetry as
needed. Through tREL PADPINSYSREM CIGNA performs the 15 basic 1/0
functions of' termnal display driving, nenu.display and data entry.
Since CIGVA operates- using many of the capabilities of the CAD
system users intEFaMCHOgCELEQ QBGWBRUBMCHOICE@BQLQE)amﬁauy ‘point  in tine

whether they are' operatipgg EBGORCQP Eﬁgg %@ software or they. Q?p

t t he Cl GVA soft t h
SEEC?,L29C|GEA nDdulzg hg?;ggbg Egégaeschb 8dp E&Eﬁgg Eﬂaggggﬁggﬁgﬁg The
ules. as fol :

data fl ow, diagram of FlgueﬁEA
t he gage nodul e 36, the.25 1'nsp ectl on _nodul e the anal si s nodul e. 38,
the job cd® FBECK BRJSEE IF33, HOHﬁdPOEHB HéﬁlBFEHcsRE#EE le 40.
Description will hereinafter proceed for each nodule including: 1. :BF
nodul e 1 nputs the nodule works; what it does, and what'
al gorithns’ arEF?§QHE§§ST);¥ﬁ%HDdU|e out puts. A description of the gage
" modul e 36 of Figure * HOMBePOINT EXISTS. CHECK TO SEE IF A PATH

' HAS BEEN CREATED. : '

IF (PHEXIST) THEN

5 SINCE A PATH EXISTS, THE USER HAS NOT
' FILED THE PATH. THEREFORE, PFIND OUT IF
WISHES TO FILE OR DELETE ~THE PATH OR
RETURN TO THE MENUS

2000 CONTINUE

20 -~ CALL CIGMENUS(16, IDUM) ”?
CALL PDQINIT(2) - .

: IF(IANS..EQ. 1) THEN.
. USER WISHES TO FILE THE PART

S | . CALL FILEPATH S
25 © . ELSE IF(IANS .EQ. 2) THEN

:-IUSER WISHES TO DELETE THE PATH .

- CALL DELEPATH o
ELSE IF(IANS .EQ. 3) THEN

S ~ RETURN TO MENUS FOR CREAT/MODIF/

30 .. . DISP/FILE

o ELSE IF(IANS .EQ. 98 .OR. IANS .EQ. 99)
wHEN 78 ¢ NS s |

REJECT OR OP/COMP. SEND WARNING
_THAT MUST ANSWER WITE 1,2, OR 3.

35  CALL' FORWRITE(O, 0, 0)
CALL roncznzsp(z, 2)
END IF -



43 10 begins wth reference to the inputs for the nodule. Inputs
include drafting notes and three dinensional geonetry. - The drafting
netes are those depicted in Figure 11 which 3‘3 a chart taken from the 5
Aneri can Nat i onal Standard for D nensioning and Tol eranci ng, ANSI
Y14.5M toget her with plus and m nus di nensioni ng. The plus and mnus
di mrensioning is considerec€LS® be all di rrenS| oni ng .out si de of t he

geonetric ~ tol erancing of AI)[,% rren5| onal
geonetry is obtained from Dﬁf %}Lﬂﬂ?ed into
the Cl GVA system The gage no e5|

di nensi onal geonetric informati cFerIr Mﬂmmmt@mBl aI so asks for
drafting note i gorm&tl on from PAMWCLIMNK ) base for the  purpose

of establ i shing tol erances. The ClGVA software asks for t he
information in a ence as represented by a.nenu displayed to
the user. The mnmwxﬁﬁ& user to initially defi ne t he dat uns
on :the three 20 dinensional RMm#ric display of the part to be
di menst oned. Dat um defi ﬂéapn involves assigning -a synbol to the
datum (plane, hole, etcr% and then. identifying t he datum feature
by designating the feature foHOME: BT ®PESNNOT €XISTentifying the edges
25 and the |q@ationgp @ dat um pl ane.. Cl GrA understands the: ANSI Y14.5M

drafting text. Ther ef ore dat ums are further defined by the four
f orm charact eri st iFLSE StFr d"%ﬁ%§Q-ﬂ+ JatTBEY . circul ari ty or roundness,

and\cylindricity) SeeSER WANTSIWEE CR@ATE I-Bﬁim‘cﬁ‘ NGRS ON 30 the form
characteristics assi q{ tf}e atur’SB as herel nbefore described, -
must never be. all o@%%gr AELEVhan  about ten percent of t he
tol erance all owed on I3 part features which are referred to the
datuns. For exanple, a location tolerance 35 of anot her part

feature is 03180§ggqt %Nﬁln%@ess
NOTE: DOUBLE USER OF S N. 4000 FOR CLINK & INSPCNTRL

GO TO THE DRIVER FOR PATH GENERATION

CALL INSPCNTRL : :
A, CALL PDQINIT(2) _ - ¢INITIALIZE FROM 2 ON’

20 ELSE IF (MCHOICE.EQ.2). THEN

\_ . USER WANTS TO MODIFY INSPﬁCTION PATH FOR A GIVEN
LEVEL OR POSSIBLY JOIN PATHS ON DIFFERENT LEVELS

5000 CONTINUE
' '_ . CALL MODIFPATH , : :
25 CALL PDQINIT(2) : *INITIALIZE FROM 2 ON -

- ELSE IF (MCHOICE.EQ.3) THEN
- ' USER WANTS TO DISPLAY PATHS AGAIN

6000 CONTINUE
CALL ‘DISPPATH



44 'tolerance of a plane used a's a datum nust be no nore than 0. 0006.
CIGVA understands all . of the other drafting text of Figure 11 which may
‘be assigned to the various 5 part fed®res. ~Sinmul taneously wth -
the input of drafting text to the C system syntax checks are
taking place definitive exanples of which wIll be presented
herei nafter. ProfitgLLt phQIRITES) or|entatlomINIQthiggcgﬁomlg bgcatlon
tol erances and runout t ol er ances (Flg 11) are Il determned wth
respect .to one - or nore datuns. -Wen speC|fy|ng t hese' tol erances
one or nore daELBE DHEBEMCHOIOR' .EQLed@nTHEN in the feature control
synbol . exa e o] o] it 15 appears on a
dr awi .ng deplctlngnggggr ?ggésﬁ? F?LE ?hé bA@é”@BEOQE A B C The
foregoing is expressed to the CIGVA system by the user as: TP,
.060 M A, B, 76080 taugfnggexanple the positional tolerance of .060
nust be conS|dered respect . to three datunms, A B and C The
dat ums ref er @nced SﬁLPh§§EEPéﬁﬁure control symbols, serve to define;
t he: functional reSuLr BDRONITOR) the features being controlled. THFg
means that the ggrg?s of freedom of the —controlled- feature are
defined. 25 Exanpl the appli.cation of datuns to a part having
‘certain contrBNDeDOf eatures nmay be seen with reference to the .
controlled p 1 r nber .of datuns are depicted in
Figure 12 as aﬁb 70 C?é ﬁ%ﬂﬂ ﬁEﬁﬁsﬁﬁiggmgnated A through E and a
nunber of" 1BaINIQDALI§&tBDQ§0Nare al.so --shown. . Part 41 has a \
rectangul ar SOtAﬂLb?ﬁGINtfhz |n1Iar |l ength and' width dinensions and a

smal | er hei ght __dinensio Rer surface 42 of the base is deS|gnated
dat um A par§ET4gDQgP§61)h§g WE'ASK FOR MAIN CIG MENUS IN CX190

CALL CLINK(PDQMOD)
 END

15 SUBROUTINE CX193

PURPOSE: o o
MAIN CORELOAD TO COMPARE MEASURED DATA AGAINST GAGES
OR ZONES _
- S o
ARGUMENTS:.
20 TYPE '~ NAME(DIM) I/D - DESCRIPTION

.SUBROUTINES CALLED:
' ANVIL VERSION 1.5 -
USER WRITTEN -

LOCAL VARIABLES: . o |
25 TYPE NAME(DIM) DESCRIPTION

THIS 1S PDQCON_LEVEL 2 WHICH MEANS THAT 1IT IS THE



four sinmilar bosses 43 extendi ng upwardly fromdatum A and a fifth boss 44
desi gnated datum E. One vertical side of the base is designated
datum C as shown. Another. vertical side i 4esignated datum B as
shown. 5 A hole 46 centrally Jlocated in "the base 42 s
designated datum D. Figures 13A, B and C are chart diagrans of gages
which the  Cl @#éoNDYSILEVELCAOF CIMBEDSED ISUBROTIINENT CANLISOUAFTER UASS -

of the part AtrLisk RisJUDONEQ 120 CONTROL RETURNS Fﬁbmucaau&%Aru @HIZS
four colums a, REVELaNGET @ngcOMUR2)hori zontal rows-e, f, g and h. | t
may be seen that .4f g S at, aBiaglr or the four
bosses 43 of theE?J gldt (J.E?O,?gﬁodgﬁgﬂ,d&ﬁ(‘gdgggoﬁ éb(?%loﬁzc]atum A in the
geonetric tol er&'amrs&s Usmea.'mmcmerglsg@c\mm rm@ four holes 47 and the
di mensi on wil | % e r egrees of freedomin the X '
transl ati onal dlrb?egal%ﬁ( ?%T?E%WH‘AQEY transl ational direction (YTT),
and the - Z rotational direction (ZTR. Reference only to the A datum
does not tie thelaggpmmglgosses 43 down in the X or Y translational
dires#ions, nor in the rotati onal direction. The remai ni ng gages

- of Fi gures 13A, CEE%&L PHA SEREEN,i cati ons of the datuns applied
to the geonetric dioRULSICLRALPHA Of t he part 41, '"and indicate the
25 renai ni ng egree f a result of .that geonetric

di nensi oni ng. ﬂ) g&?& F&@i&%%{% ﬁwgz;t um i ndi cations also contain

nodi fying synbols such as M (maximum material condition) and s
(regardl ess of feat SF‘%@I () have an effect on the remining 30
deg}ées of freedom a?Avm heygiq"napter be described. The CtGVA system
automatically determ nes what the functional requirement of a given

set of features  ang(McHOTOE.EQIWS! QOR. MeHOICEIERRI98YS THEN S
functionality by generat] g Tghree iensional m)del 35 of the worst

case nmating part, somet® |OF COMPLETE HIT

ELSE IF (MCHOICE.EQ.l) THEN.

15 USER WANTS TO RETRIEVE NEW MEASURED DATA FROM
MACHINE

2000 CONTINUE

(N | CALL READMEAS |
| | CALL PDQINIT(2) 'INITIALIZE FROM 2 ON
20 ELSE IF (MCHOICE.EQ.2) THEN
USER WANTS TO RETRIEVE OLD MEASURED DATA FROM
© FILE

3000 CONTINUE
. CALL READMEAS o
25 | CALL PDQINIT(Z) tINITIALIZE FROM 2 ON

ELSE IF (MCHOICE.EQ. 3} THEN-
~ USER WANTS TO ANALYZE RETRIEVED MEASURED DATA



functional gage, a nunber of which are seen in Figures 13A, B and C
The CIGVA system determ nes the underlying functionality for any
set of datunms and nodifying synbols inﬁ@;particular order or.
precedence 5 by applying the following rules. Wth reference to Figure
13A, gages are shown for inspection of various features of the part 41
of Figure 12 s0dercondfgug datum referenced for geonetric tolerancing is
a pl ane. If the datum_referenced is 10 the primary datum the
ClGVA system forces ®MlePBRGMEAS of contact between this datum and.
the mating part. | f cAlr EgINITES Prenced {sNEiPEASESENERON Sagym the
CIlGVA systemforces two points of contact: between this datum and
the _mating part.. If the datum 15 referenced is the tertiary
datum the. Cl GVELSE SIEn{MCHQIECE.EQad ) PTHEN . of contact between this datum

are the 11T er, P SecoltH S Y RRRFEE AR deeRifhen | AN Spear i1

the feature control block. 20 They appear in the. right-hand engg
of the featy®euiN®inu®! ock as seen in the gage charts of Figur

"13A through 13C. 1f “the datum referenced in. the feature control
block is a dat ffll RRWMDATH size, such as a 25 hole or a boss; then the
gages of Figures gMiBrmnd 13C apply. If the nmaterial. condition

referenced -L%Fﬂi Q?xinunlnaterial condition (MMCor .M ) as seen in
Figure 13B, - PYi 1 .the datumis the primary datum the Cl GVA system
forces thel@xiSEDfUR IRDQGON (®) TQUrRETURN 30 MPHIS (ROUTINE Of OCLiims axis \QJ
this datum in three dinmensions. |If the datumis the secondary datum

then the CIGVA.. system forces the mating part feature to fall within

this datumif %999 GANRENUE a hole or to totally surround the datum
-if the datumis a boss. 35 Simlarly, if the datumis a tertiary datum

then the ) . 3 ' 7
ERROR REQUESTED TO SKIP OVER REST OF ROUTINE
GO. TO CIG MAIN MENUS CX190
INITIALIZE PDQCON
15 CALL PDQINIT(2) | o - d
SET PDQCION(l.) SO WE ASK FOR MAIN CIG MENUS IN CX190
CALL CLINK(PDQMOD)
" END
With reference now to the data flow diagram
- 20 of Figure 10 of the drawings, structure is shown in
' which -the CIGMA modules execute. The user or operator
interacts with the CIGMA ' system through _one or more

input/output devices ' as represented by the user I/O
device 30 in Figure 10. This device can be any



47 CIGVA system forces the mating part feature to fall within this
datumif the datumis a hole, or to totally surround the datumif the datum
is the boss. Alternatively i f t he mat eri.al condition 5 referenced
is at 'regardless of feature size (RFS or S‘ds‘ seen in Figure 13C) then if
the reference datumis the primary datum the Cl GVA systemforces the axis

of the mating parfnterRecpgeal fehphOckNec8xnsn@l thhRi€At UMhR thE€8play, .
di mensi ons, and preve eature fromtranslating wthin ?ﬁls

nti t he naéln? 10 f ! gV

datum  In ot hePapdpHiate; nand ptARRLifE,t HhEee; SAiBERFE QPR Bire £EABRed
piE on an axiaL Qﬁaﬁessakf?eISDahﬂalghbiﬁhm$ﬁQéCEGxtgheTHBtiQﬂiﬁﬁakurﬁggg
take up space betyeen (t,se ; e_datum_ _Thi.s_ngy seen in Figure
where a .tapered 1§gﬁin&ﬁ§ igegﬂgﬁ%~caﬂgt1ﬁﬁ?gﬁlsﬁgatﬁggﬁgaéedEBngHSﬁsaﬁﬁen
t he datum D (cebt pabvydedchyeca OADeddta baséhgeparatdt shownguat 12li.s uled
in the feature copt] bLogk. ~Jhj be trgsteqd,w t ae.. hQs$q49.: shgwn
on the gages of F?Ségé 1%%6mhgg§b?ﬁEBKWC ggﬁgoI%ENI?% ZEHuggggp%e;gfn}%gg
Wi th; Fi gure 13C whgrthart hénkrénortlse ipheragtioni sbetween Aaf us@e aBdum
to which the MEgEMAl CONdhtePlcRRh! SShbtybER SECODEREY. GARUMEIENRN 18e
Cl GVA system forces the natlng part Teature 25 to fall wthin the datum
if the datumis aPReVaédef by EReaFfAD dakaobA@et h@eRRFARPL| s31a OBosEigurgs

expl ai ned for. 1¢0heg,praBBrweldat unsudht hiatesaaethenheiBbekenpliEhed Byeygots
the mating feature oon t he ggge &FIE. 13%) LéOﬁ]%rgng&g%gngo¥4;hlgetge
datum in this caBECG8E8RF3BEDEGRMBAPE 49%0f CRPguFRRES10NS (oL gElefting,n
: (%, phe Qatunhihdivﬂbuﬁm regﬁmdlemsdulesbsfeatarénggzaumbadbtF?ﬁoagplh?s
feature to railReyfbard"6R bl BLekt Y, of ChETLERIAG, abOfiecfRl Cephll
surround 35 the dasumipPuthef@&t ubkhes §rBaséonasofi t B gRgepri AheyCAD data
- 15 base generator «capabilities are actually used in
creating the gage graphics, but the ' CIGMA 1I/0
processor creates the commands to activate  appropriate
CIGMA routines and to _retrieve data from the data
base. An ihterface specification is provided to the
20 cap vendor who uses it to write subroutines which
j allow the CAD data base generator to plug directly
W/ ' ihto CIGMA. The routinés'resulting from the interface
| . specificétion-proﬁide the means by which CIGMA gets
_ data from the user © and ' by  which it presents
~ " 25 information back to the user. S
- Information (data) is exchanged throughout
the CIGMA system in.oqe of the following ways as seen
'in'Figure 10. _ ‘
. 1. Intermodule communication is achieved
30 through_the CIGMA main data base 33. .
2. Inspeétion,_ analysis and statistical
results are written to ahd read from the input/output
files 3¢. . o | o
A 3. 'Rositional data is sent to and read from
35 various electro-mechanical inspection devices, such as



and secondary datuns, such a mat eri al condition assigned to a

"~ tertiary datum prevents the mating gage feature tapered pin 48 on the

- gages of Figure 13C, fromtranslatin maéhln the datum D on the part 41
of 5 Figure 12 in this exanple. Wen da are referenced in a
feature control block, the foregoing rules can be applied to determ ne the

preci se functional ity of the. natlns part wiith respe¢t , to the features
bei ng control CEAEdipptene MEABHLARBY dRAGHLNES, pIaHé51PHen | BYSLRES,

feature cont hainebheﬁk appentgods t hdehpaei ti @0oldi agnder 1ase@0 Wafgewhere

datumAis a si.cal th| I roi t he orlentatlon
of the natlng E?hgvﬁﬁYlgﬁgtrﬁgéﬁ§e tﬁg ﬁgtﬁﬁgF§§P% 3? make cont act
~on 15 the three high pohet€ADf daka phaaegﬂneehenenddd af tmagpmenaﬂw,datunl

and the matifgesuLbagheyeh! U8 AEhOUEd LAe! CIEMLBFUL LA LR oAU Y

constrai ned anar hé da un1sur c "é o uch a
di mensi oni ng 30sGRD gapmbsryeeﬁ inpRitgur e IR0 addigian whimany d@ﬁic&@e a..

mating part &gﬁﬁT ohg:é#hgnhnsgégﬁﬁk Bgﬂ ﬁﬁﬁpﬁﬁgt3ﬁldﬂﬂjdgwmgz{§aﬁlt

translate in t rectlions an e -about “t he
al so be seen PH&PuUter SIGMA: YRS é@ﬁﬂﬂ&ﬁdbﬁebkﬁkﬁq Gut &P tﬂ@éapo§ﬁﬁﬁon

di anet er 0603@%93\:85 A (Wf)ere A*iapva1-R080§, ' *URG gramihikG, PacADad) Oage

of Figure transl atigon of the jyating part
relative td& ﬁ@“?ygr Peﬁpé \Mé gn%? ?"\#Set BYSERR-anFeT GAD ¢ %
rotation abougehbeazaraccaaaowhhtheﬁetlcabby t ko dgbmmnﬁtmedmmeaxihenannunt

20 o o ovatlg bRl hP Rtk Aty U | RN T

atlon hree i-ons
m nus rotatiofipncsivhsee &@gresge@mefr@@domﬂﬁﬁﬂiﬁﬂeﬂQAﬂ1zﬂeﬂmgtxv'aﬁé YT

'gggerE ation aRedes?’ Thidugh the cAY dydten) | EYGHAIABUR ot Nk O 2
15 basic ‘I/0 functions of terminal d1Splay drxvxng, menu :
dlsplay and data entry. Since CIGMA operates using
many of the capab111t1es of the CAD system, users .
1nteracting with CIGMA may not real1ze at any point in
txme whether they are operating the CAD vendor's
- 20 software or they are executlng the CIGMA software.
| ' " A more detailed descr1ption of each of the o
five CIGMA modules hereinbefore descr1bed will nov be
undertaken. The data flow, diag:am of Figure 10 shows
the five modules as follows: - the gage module 36, the -QJ
25 inspection module 37, the analysis module 38, the job
" control ~‘module 39, and the tolerance module 40.
‘Description will hereinafter proceed for each module

including: _
I D The module inputs.
30 2. How the module wo:ks- what 1t does, and
what algorithms are used. o n
"~ 3.° The module outputs. : 4i:

: A descrlption of the gage module 36 of Figure

o* Trademarks



synbol s M or S are used as her ei nbef ore descri bed. | f
the material condition specified on the primary datumis at MVMC ( M )
the feature control block might |ook as fgy ows: :5 0 0 .060
M DIn the foregoing the hole 46, shown as datumD in Flgure _
12, physically controls the orientation of the mating part for the part

41. The axis of tpe Bagwg paiehl Sré?é?@ﬁ'eéo l?s peﬁﬁ' ! fh Best heféé' S Phe
t he datum 10 hol e g of FI'g
13B,e,a i s forced™@Pguie- paF%P?EF IPBI“FHedrﬁﬁFé"goPOt?ﬁeaﬂétthehole D.

Once the datum andimérspeahahg geshetoy. theTﬂﬁgeaéﬂEE%ﬁ?leﬁé?ﬁscoﬁﬁécghgﬁﬁs
th t featu o an e.and rotate w in e da
15emﬂzrgn?hey areéﬁéfgéggu%# ggg%i %g ﬁlgﬁrf%uﬁchﬁEtdaFﬁhﬁnanﬁeran§hate
and rotate arouﬁdAmQEldanunsthEmmalheysaamdbndsesf%E$$nnime§§ibglﬁae a?dt
mating part is al an 0 an ax and_to rotate
aboLtgtEe ZT aX|s&g£€€%%§1§i Fégur2!€%E§§ ggg%g#eﬁx%hb?epfuﬁbm%VQr mipgs
mating .part  is @iN@eRSiontnd. wit HFhe tpkusdaamd1fmmnmatudimmmsSoﬂfhgorlss
al ways” hel d surr ogeyié {\@ered Neto CﬁﬁL"%llfOﬁim?ﬁé*#waaﬁboéée ide’ ($%on1tg?x

Mat hematically datum D reduces the anount Ion
degrees of frecH®PPetEd¢ or FOLLLARSIRG M r ANSI 5t¥14 65N, The three

degrees of fl@ediﬂma.ﬁ;bhaiogwdlhe’tr? dﬁéu%ﬁ”@iﬁn@d POSH El‘:@‘td)évt h§ata

ueon” (e aaSife QeRe SR Slhodin, G T Plawkleysben o 0"

If \_the material. conditThm gagetrmndu&enBBQ,CHﬁTEﬂes a§&in§¥fbr QEEQ%
028 S S- ’ t%@i%n#ﬁ&ﬁ% reo%r}g%oss w‘fj ex l?ﬁ)l e&%etd‘?"o?t h

_ _ base 31, also asks for drafting note information from

15 the data base  for . .the. purpose of establishing

tolerances. : The CIGMA software asks for the

information in a specific sequence as represented by a

menu displayed to the user. 'The menu prompts the user

to initially define the datums on the three

- 20 dimensional geometric display of the part to Dbe

} . dimensioned. Datum. definition involves assigning a

~ _ symbol to the datum (plane, hole, .etc.) and then

~identifying the datum feature by designating the

feature for the program; i.e., identifying the edges

\ . 25 and the location of a datum plane.- CIGMA understands

the ANSI Y14.5M drafting text. Thereforé, the datums

~ are further defined by the four form characteristics

(straxghtness, flatness, circularity cr roundness, and

cylindricity) seen in. Figure 11. The tolerances on

30 themform characteristics assigned to the datums, as

hereinbefore -described, must never 'be. allowed to be

greater than about ten . percent of the  tolerance

f_allowed on the. other part features which are referred

to the datums. gFor.example,  if a location tolerance’

35 of another part feature is 0.006, the £flatness



herein, datumD is a hole as seen in Figure 12. Physically the hole 46
controls the orientation of the mating part by forcing the axis of the
mating part to be parallel to the axis of the datum hole (or boss).
5once the datum and the mating palﬂ‘ are oriented correctly, t he
mating feature is only allowed to rotate about the axis established
by the datum No tr aQ Iatho g wth the MVC nodifier
M her ei nbef or &O4EERRCEQE aTRLENE u?FFuéFrét Gt“Wn mESEyr €10 nP3CMOLS
wher ei n rot at ithan 8L8006t.he ZT axis only is -allowed. Thus, the RFS feature
specification, in thi ta cal Ly red anmount
of all owabl e notion be?wggﬁ tﬁﬁaerstggkg tl|lts° tFH& FFS&&
uncqontrol | ed ter% ofefiguse 3 w ﬂﬂbeﬂ@&tb@ aesdgmedntwo &hﬂ nylaz idag ee of
freedontcondl ZT | GVA nt Al

baes ZIReallifes. O BinbeanEBRETy! NGENN! el sHHGNTe ]

standard dlnen5|on | - out erein efore

to Figure 14, ﬁafﬁﬁﬂﬁlﬁéﬂt 58r@h54CIG§A deyistedd hsyntgxan checks ofare hol es
indicated at 2ak%A 1aee IHeE&&E&Qvé4 eRamgakdm Bel SwRilchP 0

the part 54. Refggf?ng tg th %ﬁ ox call-out, S|t may be segﬁ tﬁ%ﬁng?uﬁrﬁ

i s not nDd|f|8595§“ eAhBprginafterym material condition M or a
regardl ess of 'featurProfile tSlerapeksl,. orIbntatisn ert@uer&h%@% the 25

condi tion jgf oS Ietel such
cal |l -out ang |?Eggﬁﬁgt ?ﬁ%?nggggbe g% gPﬂPuﬁ gﬁﬁerf nQF@au|3qﬁo|

if B was aarféataklhodetermigegoxwibbt rhepebbretappeae aso? mor@0 M
D B S F e re Z rrQr indi cates) -
> on the dggggﬁ] WhIH §§§S§?B§g QQQ%E @éés&?ﬁcg%rngtthgore &

tol erance cal fi8 SBFStBeSﬂpESern FﬁéeéﬁaFéﬁen#PonébeprGpétut@rnnonktbl

ref erence to Eiygboet. 15, aan eAHﬁbleStaﬁdarieﬁihkeoﬁbntk%l Syee1 Bar et wo
t hr eaded s 57.1n the 5 g rein the hole dianmeters are
toIeranced agppears on 1“9 ep1c ing a part is as follows:

L Y]

6 0 .060 M A B C

The foregoing is expressed-tb the'CIGMA system by the
user as: TP, C2 .060 M, A, B, C. In this example,
the positional tolerance of ,060 must be ‘considered . |

. . . : '/
20 with  respect to three datums, A, B and C. The datums
referenced by these feature control symbols, serve to
“define the functional requirement of the ‘features ;;

being controlled. . This means that the degrees of
freedom ' of - the -controlled feature are = defined.

25 pxamples of the application of datums to a part having
" -certain controlled features may be seen with reference
-'ﬁb ~the controlled part 41 of Figure 12. A number of

- datums are depicted in Figure 12 as shown on the part
41 designated A through E, -and _é' number of - part

. 30" features are also shown. Part 41 has a rectangular
solid ‘base With-_similar ‘length ‘and width dimensions

and" a' smaller height dimension. The upper surface 42

of the base is designated datum A. Part 41 also  has



maxi mum rmaterial . conditions. Wiile this is not outright error
from the standpoint of the tolerance standards, the holes. are
tshreaded and the M call-out would reqU|reLn§asurenent of the thread peaks
and the 5 thread roots for conf or mance. This is clearly

I npractical from both a nmeasurement  and a use st andpoi nt . The

gener ated system ec n I
dalout. VAT EEPerLRQLEETDaNacs TR ERECRRLES DTy TREMIOE A A
fastener 10 whichanf| 2 Ehfblycbese 41h¢%%§§nate¢h@at@Wstén1 t Ore of veptical

displays a warnsjge toat thde béyéte{@ | §¢PEEhA 08 JogLeth ! | ¢ e a§e§§6ﬁﬁed
at regardl ess of feg%ure size npts_the user to substltute S

at the hol e di anehRPERRTVEEETER ns %?e+%n@%31iﬁated datumThR gagesshewn.

Figures 13A - CSaie shey® 046 tEenSyslEyn dioeheedW ih aen&Ylpgeer dipat gs
system and only d |ct t€ ntrolled features on the part they .are
constructed to na %ﬁﬂ?? %§|§a tt. That is why the relatively sinple

callégythmhlch r ef ef ences Dh¢wr€@ IBA B @ndfoc ahe pehiardl dfadignse dﬁ
ca t Cl GVA m t tr
T Fgure 19A cJ4FeE TIPS THEG O CEORY| Erdroll Waf | BONEc- 88k SESF.

47 in the. datun1p¢hh@klwg varioys featupes sefn théatparte 4horef Figure
restrictive cajh- ot Ofiféﬂur@f25tﬂ§Ah§'1é'l§f’§saf]1_ﬂalU@Bhégef%@néefumﬁge%é

hole D and oss erefore

hol es 47 appear rt%g%@%é@ a%ﬂtﬁP“EkkP‘%%%%F%h r?W% enst ¢ h3calde Bhe dBtum
D ig nodified by hag %S sémbothats if an age sééﬂeéedegb?e5i3APeSaU§e

th t b E 30 RFS
o o iy 2058 i h8r *Cnd) Four Bo8q4 3 ¥s 08 bkt T oke epnrirydedd

pl anes A, B and Qussnghoomlyn dd&tgmr eA lﬁﬁfbhembecneurlélangesanEQSandhéﬂ
e poneYuory. o 06s0388e (9L Kagg cOmectndlil B naC eREY aFnenntep
t he will have ‘three remaining degrees of freedom in the X
"~ trarnislational direction (XTT), the Y translational
direction (YTT), and the 32 rotational direction
_ (2TR). Reference only to the A datum does not tie the
20 pattern bosses 43 down in the X or Y translational
directions, nor in the 2 rotational direction. The
et _ remaining gages of Figures 13A, B and C have
' indications of the datums applied to the geometric
dimensioning of the part 41, “and indicate the
25 remaining degrees of freedom as a result of that
: geometr1c . dimensioning. Sometimes -the datum
1nd1cat10ns also contain modxfylng symbols such as M
(maximum materlal condltlon) and & .(regardless of
feature size) which have an effect on the remaining

" 30"degrees of freedom as will herelnafter be described.
-~ “The CIGMA system automatxcally determines
- what the functional requxrement of a given set of
features are. The system then displays this
functionality by generating a three dimensional model
35 of the worst case mating -part,' SOmetiﬁes called a



' gages of Pigures 13A - C displaying e three axes along which

transl ati on and about which rotati on may made in accordance wth
remai ning degrees of freedom (DF) after toleranC|ng 5 A
description of the functions of the inspection nodule 37 of

Figure 10 wll now be undertaken. The inspection gages ef

Figures 13A - fupctisnalst @age i n & nunberpwfewhish ars rdesorin cmisgmré)@d in
conjunction wisih t rigoti o g ;fg%m hre

di mensi onal CA[3)tApr e?gn?gltalcor?o of &hﬁte%}ﬂ? & | nsp“g% | s aI
resident in t N8deSHYING: . “H?élé’&?dﬂ»t f@‘-‘a\/\m ofs&the Oﬁnardatm;ﬁnd so

that it rmaynme@l mbeqrqum partIAHL Olord¥d Nor T
conflguratl pr?yatngr rsg&vmsflp tepnd o t he shape. 15°rof e p&é‘tér}?géThe

cl ust er oP g 189, r’-d’gné ¢ obt ai ned- from Reni shaw

Cor por at i on One type Wit Olre fR2ance atﬁ@i@d&téﬁ h3, 'ges tdie shodWif
sensor is pre

ensi.t.ive d_is nov from point to point about t he

part being i n?ﬁgctl@ PSFEiRR P%B JRLASHS %(d?at“reéo P o le Vi scﬂfv\ede
now goes . Figare al2i nwhece otheat idatei nlrtef(!tenc'Bdar eore)Xjednfet £ i@
options for - t f of, i_nspe at I.n the | rst ptjon
the previ ousl% @ga?;@fngo'lgr |at yg%ne' ?ﬂrqu%-‘% ra‘aeté‘tnhrée cfhe" part
to be |ns]19e@ &d @slm@ru’epd@@@moedtﬂm t|€eIGt@t oraa&tennsrﬁmmem tapee - are
used. The in ig0 a n t and T

PBERLisOR £ FRutactibetied NIHHIY eX| id Inb.ﬁfq] L{ﬁ%i@,ﬁ]ﬁﬁ%

call-outs fromthe part raw n as they
presentati on P8FE-t helfpathe da refegenged imdhprsepandany datumn
appropriate the creMA0systen Qldtﬁe%r th:Z pdinit@Ir &f 5)célﬂ£jaé‘€ e &Swéen

| ogi cal path threg_. di mensi ' s.pect i on he features
required. Thglsr eqﬁﬁt 5&.1 ar gta[ rcth' aretfen\)irkﬁ orfAEuR

critical &ﬁdrefajrenceldn ist hethe nyerdiany gaxtum, Thilfe GIGMA Sydtdwn the
i nspection gaggrgggel ?m%‘r’ poi 18eU9% doRed erb@t%etrp ethir.]sSpdeacéumorafo 'dhe
matlng part. The primary, secondary . and. tert1aryu
datums are .the first, second and third datum symbols
respectively to apgear in the feature control block.
20 They appear in the right-hand end of the feature
coutrol' block as seen in the gage charts of Figures -
13A through 13C._ o ' . I o/
_ If the datum referenced in  the feature |
_ control block is- a datum feature of size, such as a -
. - 25 hole or a boss, then the 'gages of Pigures 138 and 13c
apply. If the mater1a1 cond1t1on referenced is at
'maxzmum material condition (MMC or M )ﬂ;as. seen in
Figure 138, then 1£ the datum is the primary datum,
__athe CIGMA system forces the axis of the mating part to
30 be parallel to the . axis of this datum in three
| _dxmensions. If the datum is the secondary datum, then
) the_ CIGMA system forces the mating part feature to
- fall withln this datum if the datum is. a hole or to
_ _' totally surround _the”_datum if the datum is a boss.
35 Similarly,“if the datum_iSfa tertiary datum: then the



In an alternate option for defi ni ng the inspection path, .the

user or operator picks the part feature to be I nspect ed. The

sof t war e; havi ng know edge of “.the lJZIuster configuration, t hen
5 designates the appropriate probe tip 22a in the cluster 22 to
be wused for inspection of -that part feature and creates the inspection

path wth refercqrmtcg deitgh %Qcég)dq:lh q,E‘ta t uter. t
this point five phy art qfeatures e "?gl gct}etd%g% t"r%re fi}é’er

in the user defit ctlifon Hh& 8 h R thison;a |h0ée. oty edubed
features, bores toﬁaist.&yes,umlomm]r thier fdaft@m arfd the0FRAatulds ithePPdsLn path

may be nmodified in - r..Qf S may .i ndi ate the
portion of 15 the path %ﬁ@%%nd%a%%ﬁ%le %%Fhe ﬁé?? cogdiion
system and ent & refegensedr diisat @ t"arregaarmessuclmf febt ure Ist:r.ztehr(qmdt dehe
syst em keyboard. t Val.y , w n nat e be added in
the inspection psg!t ha‘:sr %?elnpggrytﬁ‘rl rli‘:}%g ﬁ%ettg%rnsg‘%oo%&‘t eﬁ%@& a at"'r‘r’én 20
nem/~p0|nt and 1isenttd nprimagy dagusuglthe @IGMheywsaem Eloecieisoithe axzs
Addi t+onal ly, i @sno%te erataa@hpa@tnt% Ry pﬁ‘iaqﬁgg_r%% ftxa de%' At iy gﬁs

point to be " del Bﬁcursor n el S&tin

del etion at the %@&H@ard“ 8?f|é&998ﬁ1°ﬁﬁy ando Pﬁéveﬁ§§e theomatimg 25

i nspecti on pamhfeuﬂwre Eegmrdrah@latah@rQQthﬂl%hi@cedatﬁhﬁry Q%Pt%&%Fr
ioning o

Phe prope” ar. S0tght nshe PRk ine" BeAERr e T ia"" sabidakegnbyod: Heper dun
afth%he fapp{ﬁagwxargmaﬁoeax1aAfEeprprasp&ohroeFrghg RPQ?? £32c3@ | the
t hese di stances #&slnge %%th?gd @B %gkﬁegplgﬁgcga%equé g 1E8§65aF&g ?&
t hereby nodify FﬁémvnsgééﬁlGﬁYpb?hsﬁanuahlflgN@w 138t whiegei napethiper edat h
is defined, 15hgi&5 @BGMhs SehbWaA’ €coRBtehdteliN®ohNSRAG! 38ePAtBictions
orientation when the datum D (centrally 1located hole 46) of the
part 41 of PFigure 12 1is used in the feature control
block. This may be contrasted with the boss 49 shown
on the gages of Figure-13B'where the MMC symbol M is
- 20 used, - -
‘ _ , _ Remaining with Figure 13C wherein the RFS or
Sl - call-out is used, if the datum to which the
material condition applies is . the secondary datunm,
. then the CIGMA system forces the matlng part feature
\/ ' 25 to. fall. within the datum if the datum is a -hole or to
' "~ totally. surround the datum is a boss. As explained
for the: primary datum in this case hereinbefore, this
prevents the mating feature on- the'-gage (Fig. 13C)
. from translating within the datum, in this case datum
- 30 D on part 41 of Flgure 12, In like fashion, if the
-datum - to which regardless of feature size condition
applies is the tertiary-datum,' then the CIGMA system
forces the mating part feature “to fall within the
datum if the datum is a hole or to totally -surround
'35 the datum if the datum is a boss. As with the primary



process. The location of the part is wthin certain bounds called
the nmachine envel ope. Sone approxi mate predeterm ned orientation of

the part is required within the ngghine envelope as depicted on
the CRT 5 screen so that the. part is in an orientation
approxi matel y knomn The probe cluster. is noved to touch the part

on certain S'E¥con&§?gheﬂatuhgomnsﬁﬁﬁt“rgs *ﬂgtﬁiggeafaEBndW@Ll the

part is in stch an orren
conbi nati ons 28SdBneR wkP| ﬁrotﬁaéléFYeﬁﬁéumonreVGBhSltheama@nngagegeany

three planesgeaurBl,aegpered piHD48thesthé pbﬁ@@sangfa gYhurder 13¢W th
a known orie ollq the orientation _process

for the |ns§EEP|oﬁrBBFhat139 cHFFEFﬁtFBﬁ dBFB@esQ opothehpagtodd Gfuster
is 15 entergdrigutendy ba thﬁﬁgeﬁeﬂ91Ehat the probe cluster itself s

constructed wth cer t nc gn the actual  |ocation of the probe-
tips 22a relative hﬁ?ﬂe g?ﬁ&ﬁﬁ deregfrenﬁeéalﬁﬁratﬁon featpze i s
| ocat ed on theonhspéctbbockaacbhee fbedgoingherudiesecanobe a@blzehetBO

calibration Bkkkbdthe eaghgkeewgﬁ PURELIBhY11ET"BLPERRS fiatTh' g§53

over to the ar ne an
into contact With tﬁesﬁﬁﬁFfaEP th#vﬁﬁatRHGWIngeg GPnttnéledhneﬁflahs of

the callbrablselmafylaaeﬁm QQdatBEaﬁéaSEEGHE@ES fReScRagEuPYE ZeontRel
cl uster are entified and npensation values are stored

f or subsequen%gaﬁbl|EBPFBﬁstoaﬁctﬁépelHQﬁéE?PBn Pdameter ,pe960i pM oA rof the-:
job control neHeke d3Bumsgebsia pkage,ethéf ph/ylshcamw l&nzundguhﬁléena Qe

losi rod for CARekpaf Phe ) ShTeRFRkISR, C8E Lhel pheibgt, o8k E0 AL (e

Cl GVA sySten1thatnmeanad1et the mdemngtypatta mestai makiendcohtactacbnne
huror i cal 1 75 coReroFRESE , pifn b8EnesYSErThe, pidhe 33dRetencla alhiI ! 33
primary datum, and the matlng surface will be allowed
to translate and rotate, but will be constrained to
remain coplanar to the datum surface A. An example of
such a dimensioning result may be seen in Figure
20 13A,g9,2a which depiets a mating part (gage in this
instance) for the part 41 and which may translate in TN
the XT and YT directions and may rotate about the A
ZTX. It may also be seen that - for a feature control
block call-out of true position, diameter .060 datum
25 A, where A is a plane, the mating part or gage of e
Figufe' 13A[e,a applies which allows translation of the
mating part relative to the part 41 of Figute 12 in
the XT and YT directions and rotation about the 2T
_access. Mathematically ‘the datum A reduces the amount
30 of allowable motion from a totally uncontrolled motion
_(three directions of plus and minus translation and
three directions .of plus and minus rotation) to three
degrees of freedom, translation along 'XT and YT and
rotation about 2T. _
35 " If the. primary datum is a hole or a boss, the



ATTACH command is illustrative of job control |anguage utilized in the
system The ATTACH command is used to connect the ClGVA systemto the
specified CVW or DNC nmachi ne. Wien theg ATTACH conmand is 5
encountered in the JOB file, -the specified chine'is first connect ed
to the CIGVA system The device nane used in the conputer allocation

procedure nust fined, by he ogical .nane . "Cl G MACH NEB. This
i s done 'external%lgmbdﬁe‘loé tﬂ% joontt). -A'For arealisd® e %;rlﬁi@q\?fdi\ﬂ
procedure file nidgacridedi n tife ftiid onvdter ichmeomiit ASEIsPeciB¥Ed on AKe
MACHI NE. ©  Sone BYPREALPT | rsuctdon r } ven t | the
"ATTACH' is perfor r‘redﬁtf)_ dﬁfgﬁa J'lépidr%:gt r%l}dcqal 0 SEM Z’r e tq{enac%le‘ante&fgfycpoe&rOI
dependent.  \WerPlQgke mighk daaki asctfiddowse conpleted, 15 then the job

execution continues. If the nmachine cannot be  successfully
attached, t he the job execution termnates. The follow ng
illustrates jol’control Iéhguag@‘u@é@ i M conj dhction with the ATTACH
command. 20 , FORMAT: ATTACH [ machi ne type] PARAMVETERS: [ nachine

t ypel~the machine .type . speci.fied_.in .the TTACH,conmmand be one of
the fol | pwing: o | RENEAESSAY e nﬁ%&ie 1 ShGYn @R dafum D in
machi nes o DEA fRirgutite 105A phiy ircadiliyn ecom tAGIEVEHEX forri enta HldFOMOE X dipser
robot CMM o SI MJ r ﬁ?gi n eb j,ng, 1J OB The, .Sj hi
pronpts for datnglﬁtx{g)-.ﬁ -%ra e li%'gilgyrr@uIqla ‘e %rtrleearséa‘rlgdrggdg{h} %Ct-”pge
col lected from R2Liacif korced kg de parallglefhy theraxiguaif t \theestdatum he

sof{ware. o HE@RJNW Esti Mnid@Ey, Hie EFIHO49¥HitHe gagPof Figure

: o 13B,e,a is forced to be parallel to the -axis of the

datum _hole D. Once the datum and the mating part (or

the gage) are oriented correctly, the mating. features

are allowed to translate and rotate within the datums

15 wherg they are holes such as D, and to surround the

datums and translate and rotate around the datums

where they are bdsses. Geometrically the mating part

is allowed to translate along the XT-and YT axes, and

to rotate about the 2T axis as seen in Figure 138,f,a,

for example. However, the mating part is always held

'within the datum for datum holes (D) or is always held

surrounding the datum for datum  bosses (E).

- Mathematically datum D reduces the amount of allowable

motion .from six . degrees . ofj'freedém, -affording ' no

25 control at all, to three degrees of freedom.

- Additionally, a datum hole or boss 1limits the amount

of XT  and YT translation by the amount of the

deviation between the: datum: feature and. the mating
part feature.

30 . If - the material ' condition on the priméry
datum is at RFS, seen .as . S:. , then the feature
control block would appear:as 0 0 .060 S D ,

. where D 1is a hole or boss. In the examples set forth



echos back a perfect neasurenment. Useful for verifying that a

j ob w | | run correctly when a part is nmade correctly. WALDRICH for the
VWALDRI CH COBURG nachi nes. 5 ‘ QU FI ERS: / TOOL NUMBER- nnnn *

/ TOOLNUMBER specifies the tool nunber to be selected during the ATTACH
If supplied, the requested tool is |oaded into the SPINDLE 10

when the mmchine' is first attached. This may be wuseful, if the NC
data file owbeEeinpodatwhtaPn i® 2odolehadBe 8eeRf iMe ER@MABdIel2MC t ool

path does notpﬁgefééylﬁ Tekd t@oiae4ooeénefes§saﬁé orlahtatleﬁtbenthé for
‘use on DNC/ | gnor ed al |

DNC machi nes, on -
ot her nachlne@atFiﬁﬁﬁ?ifC?¥Féﬁfﬁ$ﬁﬁ Wpe iﬁ#ﬂdﬁg ﬁﬁgt mﬁélﬁgedeEForgoany
DNC or CWM type  cparablietantbe tised. axié of the datumuhelle 26r boss).

Egﬁgand nay%%énﬁgedtéglaéggu?h £%§VI % # %gs Sgggt FeproggégﬁméggngET
ATTACH TOOL=9688r&CtAY ATE BBe mating faaturefolaatonhymﬁahlowegaruo tq
the machine pypeeehb8iehe! O 1§h stabs IpAERY o6y ast e VEKEuHR" %eéjl )

system The SyS Execur Fatdn process.  descr
conj uncti on hr@nslﬁ§19hspé§t|6hlﬂﬂﬁélea§7 wigh the MMCCNE@BQA#E M al so

illustrative hoteihbefob¥S8E8tribe@) RO 2k ihansuaaeed §6L|BB§IEe i's
used to neasure the actual geone cl uster

use. - The 10s}3Cefrar cHAPFELN tﬁ%&xﬁF?“prBBB“ |p§h§2azBe E§FFngigdlﬁefore
they are usedalbowedsurehas,pthé. RPSI featube speatficptbba, géanethys is -

known, —and thengggngn of mathematically reduces the amount of
allowable motion .between the * part 41 and its mating
part from an uncontrolled six degrees of freedom |
15 condition to a single degree of freedom condition ZTR. St
' The CIGMA system checks the syntax of the |
ANSI standard dimension call-outs as mentioned
‘hereinbefore., - Referring to Pigure 14, a machined part
. 54 1is depicted haVing-an array of 7 holes indicated at
20 56. As seen in Figure 14 the datum B is a lip or boss
on the part 54. Referring to_the'bdx-call-out, it may
be seen-that datum B- is not modified by either a
maximum -material condition’ M = or a regardless of
‘feature size S symbol. This is. error since the g)
25 condition of the boss is not defined  completely
" without one such call-out and it cannot therefore be a
.-'uSeful'datum. The same would hold if B was 'a datum
" hole.- The box must therefore appear as
0 - 00 M D B S " F . The system
30 recognizesf the error, indicates it on ethe' system
display - and prompts the user to'cotrect-the'tolerance
call-out to appear in the aforementioned proper form.
‘With reference to Figure 15, an ANSI standard
call-out - is -shown for two threaded holes 57 in the
35 part 54 wherexn the hole diameters are toleranced at

-



the probe cluster in the system is exact, or if testingis
desired, then a probe nmay be <calibrated to the design values _
contained in the CAD system. If a preV|ou$WCaI|brat|on is to be used, the
calibration 10 results may be read in from a data file. The
calibration table is defined as the vector from the cluster reference

point to the cerﬁlg% ,ﬁ{j themé%?é p COH S ESh N emlconj unct|10€ Pt

following illustr con r Ianguage used
the 15 CALI BRATE mxmfrom the sgyandpoimt. of the tolerance

processnumber CA%&%PJ&{/EELSF Qﬁ&ALHﬁ%%TFszé Lﬁ:{éé&é‘élaé‘i?& ! EiBATEaEPID&&éS
. form of the CALIBRAT

nunber 20 %gi
command,. the pr&¥ r?ﬁl‘?’t‘o"e? ’“?%s‘h%%“?‘kt Rhethasthr gad arnkedks amdds therm

is used when 5athpeddal roo&USch_cﬁ' @cﬁiﬁ&l‘lﬁ’én@é‘ I SThid O is beclearly
performed. Note fhat th

FI L
ot her qualifier |%m%?°%’$?%€\eo€i?m qu'her% dP%as'{‘Fﬁ‘&%“tdl f?'é&ent f&$%s |
of (the calibratstardpeing) Qiid Flg'ﬁ&rdﬁﬂ'l%il’stexfli@éd:&mn qm]wxlil'he

i Bration 30 il
TS T e ey be 1% SEOSTER Ene el (ot fon {1 1dde, SEEFLT €
probe rather thanisisingeded nuishi RrQper: mﬁxi:am:bm eof Hdlg)rbheed fastener
| NAXTI PERR=[ r eBd it stelwildl %g&%@@fﬁ s mfg dfs @&eP@Méf

from desi'gn the top of each cal i rate
tip location refEiPIAYSt AL H@Hb’sﬂ%n 4 tlfd?fﬁl ssmed"!-‘&’%‘é‘el‘m gages

wi thin this MAXTIWL FRbe Ofendtetediest OTrededlé o). of | featinte eréPie excaeds
this - value, the romé%é}#%he Eﬂgerrgo substitute S for M at the hole
- diameter true position tolerance. _

15 The gages of Figures 13A - C are-shown ‘on the
system display with an XY¥Z coordinate system and only
depict the controlled features on the part they are

-~ constructed to mathematically inspect.- That is why

the relatively simple call-out' which references only

) 20 dqatum A for the part 41 of Figure 12 causes the CIGMA

; ' system to construct a relatively simple gage as seen

~ - _ in Figure 13a,e,a. The gage just mentioned consists

~ only of féur holes 47 in the datum plane A ., It may

o ‘'be seen that the more restrictive call-out of Figure
N 25 13a,h,d uses as datums the plane A, the hole D and the

boss. E of the part 41 in Figure l2. Therefore, the

holes 47 appear together with the  tapered pin 48
'(because the datum D is modified by the RFS symbol S

), ‘and a tapered hole 51 (because the datum boss E is

30 also modified by the RFS symbol). . The gage for

. feature control call-outs for primaty, secondary and
- tertiary planes A, B and C is shown in Figure 13a,f,b,
 wherein flanges 52 and 53-aie-provided on the gage for
:fOtced contact with datums C and B respectively. A

35 coordinate system is also displayed with each of the



termnates with an error. [If the MAXTIP ERR 10 qualifier is
not specified, or if the value specified is 0.0, then no check is nade.

| MAXRADERR=[ r eal value]. -~ The NﬁXRAD ERR value is wused to _
control how far off of design the radgig of the ball tip may be from
15 the design val ue. If this value ‘is not specified,.

then no checks are nmde. /MAX VARIATION. This is used to control what
the maxi num @&8% O6n Figuresnddded pr 6be digplayimg behe Ehreecaldgysti on

process gener aleng?0which trangle® iRei Niahd QYL 2 Wi te?ojtoacﬁl(‘fr% re 1)

to calibrate ch p. This results in five conp
for each sphgrematqe 1p,c25CpR 4308 ré’%’i‘er:f@é@mlmq tdegr gy | atqﬁ)n
from the avefagedomodDFanpftpmohelhman@wm@st 25 o~ tdorﬁﬁuXQsllesy
then CIGVA &erm nates erraor sag
/TOOL is glvgn then t h& sp@é.?gégtﬁ88| Q%Ioaggﬁ |nFGn°tﬂR@s &fi ndihe
before the canepestion pmoduie |§7exetUted€u&Q 10 will "°“ha|ﬁw

e e t ar ane ers
oot wg O o idercaklRe  aBec toBleeof (SRR BFFIGed 15m g &

d with this _form
g;gC|¥1es ' thﬁtaretﬁ§°reéeéﬂg#heopompﬂ§erPRSBEhGEHSﬁEEfom@ desdrd bedsed

to calibratein tBenguHetgbn 5W1th the d@éEE@?@IglFBFEE%% §SPS g@h t he
B 1 R el gua CAD, PEREENERS 1 |||9|fat|t<hr|e i parra be
CALI BRATE commeRd . FEe. 0iMERgiopal; CADS PERSentas ion P
read in fromta chélblaSpactédIES amfﬁEfﬁfﬁhe“ErQhetﬁ%ugfmpﬁéfg'C|%ﬁger\J
robe ol uster RAPCESE b aveRe 8 thRL BEka ABADS! eRo Shakndt may
generate a ‘convenient inspection. path. The sensor
configuration '(probe array) will depénd on the shape.
15 of the part. The cluster 22 of Figure 5 uses standard !
' hardware obtained- from Renishaw Corporation. One type
of probe 22a is a shank with a ruby tip. ' The sensor
is pressure sensitive and is moved from point to point
-about the part being 1nspected on the robot ram.
- 20 '~ The CIGMA software now goes into an
~ inspection path definition, There exists two opt1ons~§d
for. the definition of the inspectzon path. In the
first option, the previously defined critical and B
major features on the part to be inspected as O/
25 represented by the stored 1nspection gage are used.
- The inspection gage, as hereznbefore described, uses
-':the GD and T call-outs from the- part drawxng as they
‘exist in the CAD presentation of the part in the
"“COmputer._ The software p;cks an approprxa:e tip in
30 the  cluster 22 (Figure '5) andICréates ahlogical path
' in three dimensions for inspection _of the features
required. Thé_'rééuired features are those ‘which are
~ envisioned as ‘critical and’ major in the inspection
'gagee'j‘Thus,"zn this option the 1nsgect10n gage models
'35 are used to determine the inspection path.



during the inspection operations that follow RELATED OPERATIONS :- 15

The ORIENT and |INSPECT commands rely on the cluster calibration. |If an
| NSPECT or ORIENT is attenpted.-with an uncggfprated probe, an error nessage
is given and the CIGA systemtermn nate an | NSPECT or ORI ENT
uses a 20 - different CLUSTER than the CLUSTER that was

calibrated previously , fmen anan adtie@hates s g iioh gefta,Qr at %fimq,gt he the

Cl GVA system'term CAL L BRATE/ DESI GN 2

CALI BRAYrE/ FI LE=STA &%@%ﬁéﬁ’*&'ﬁ&u EhETEF&'FPUP sﬂhﬁfat" picks the part.

CLUSTER. CAL/NAXTI&GERRfEOO&D bel Finspeictedexecutthen obof&hereqagbhm&hm }
din ob a i nt f nt st e

conman j kﬂ%&ﬁ%h ge | B@ th% Q90de o3 QﬁﬁgAB q%&ﬁ&&VIy

in the.- conput CUrsor cross
t he desired p0|%thﬁlﬂﬁéteﬁD thenné@PrOPIAateorUGDbelstlp @gaf ul in poithie

for —mnual desi gaster becayse bel usa 26t ihdpddidBnl S EURIY pare

ur at el there I Ccti i entation
?ﬁg party for wﬁﬁéﬁurﬁh@n 85e66ﬁﬁr6B951§§aesﬁéenu9abé|nylgénergﬁeaehse

shomﬂ*ﬁn t he CRT. Bhetheftcnn mb@elor coRtained inPkBeCedOmputetsri Redenils

h Th t at
oo ey be "epUPE £iPBPBEVESRAATBEY  caaturdd mh®,  Catiigtia by
machi ni ng new #@atheesusrra partheruS@rtdeEWBBBQEIm@dﬁaohlﬂﬁdpebeabhrgﬁth
It is -possible d%@xﬂ?t&BhU‘ gl gher tBEeahgﬁseggéﬁgggsePsbﬁggguhegosses,

initially. defined géveérl, «rn"Some in
des{rable to -nacEﬂﬁéaﬁeﬁﬂréapeﬁegnﬂoBﬂgasd i mredi ately by inspection of

the newly nachined featureghgroghgagcg? ﬁfoﬁsgﬁntEQQedbedam35§f1e8|n1nthhs
fashlon-a part ”BX bEe"t$r32§§ The user may 1nd1cate the t £
i nspect ed portion o
15 the path to be modified . on the CRT screen for the
system and enter new coordinates for any such path
poxnt through the system keyboard - Alternatively, a
new point or coordlnate may be added in _the inspection
'path by pos1t10n1ng the cursor on the CRT face at the
20 new point and entering it through a keyboard
. election. Additionally, inspect1on path polnts may be
Heﬁ deleted by desrgnatlng the po1nt to be deleted by the
' cursor on the CRT face . and elect1ng deletion at the
_ keyboard. Mod1f1catxon may ‘also be made- .to the
o - 25 inspection path with regard to "approach distance",
” R '_Every contact between a probe 22a and a part involves
7appropr1ate pos1t1on1ng of the. probe at a nominal
drstance from the 1nspect1on poznt known as the
_ . 'approach d1stance' After 1n3pect1on the probe 22a
30 is withdrawn - through | what is called a “retract
 distance". Both of these d1stances may be altered by
_selectzon _ ‘at _the keyboard to thereby modxfy the
'1nspect10n path manually. o :
~ Now that the 1nspectxon path is defined, the
35 CIGMA_fsoftware enters the xnspectzon path orientation

>



step-by-step wth reference to thedatuns contained in the CAD nodel and

the inspection. gages hereinbefore described. 20 Having run
the inspection process in a step w se g?he - inspect nmanner or '
for the entire manufactured part all<Tat once, or any conbination

thereof, job control now turns to analysis of the inspection _
results. Analysis proceeds_ for simulation.25 in the fashion to be
described her PERSESS- f Gher docatiopsiof beul Pazs. disbs etiddrin t ceritain

‘anal ysi s step ibdunidae daquedcortweol ma@dfiin@i "e'n%log homﬁmﬁe 'a'ia ‘ﬁ%att%

detach the machin ystem.is turned off er functi

spri nkl ed thrSﬁ&ﬁ&%ﬁrmﬁﬁgd30°§éﬁ8F§F|8H of the past cdﬁtroFeQ§édGShce

whi ch may be ruqttihrmd thel nglaowiyte spameﬂ.ldpe j @z de‘fﬁrctt%ld”' odi HHAXRTTRY

be prOV|ded ci §lyc 0s uring -t he runnlng of a . operator _
' messages may gr%§§VI% o Q %gf p?ﬁgC|f|5 t 3" th&P 185 nEgkden o

of the 35 foreg@PNQXIN@tedabo#pr@hed Thec| pdiobe tdlasteat hdis momed to _
special  funciigep Rk’ hgarQarbhcubgrta&Bb e%gﬁdgé gﬁ%%@gd th§P° %\*&W

si mul ated. by executing uencé  in a
be observed byfﬁﬁ§“6$§ra96r & h§§rﬁusﬂhgéﬁer&bad @hetjobscamtBMCh an

sequence. Vﬁe@;éntheloﬁQerahﬁb Fués Sétlsbh%ﬁ %Q%Q%QQ 0%%%&&%&&@3&& the'

sequence, af be cal | he operator at w
Inq t he ac?gawglﬁ rV&HﬁaﬁE@ g@ PGBeGGHFFSP |ﬁdﬁﬁé¥ﬂ%ﬁ§ﬁﬂ%§ are any
i dentificati onthoke t p2anestachedplanehi aadl0twoovhddes /Na0pTANe0Anlo & he

GG sof Cverephhihakdar kg (g topkeAvallglle  Adedie e nanect
calibration prBeéégwnsgthcreulﬁotathenclpxbeesproﬁe& the thFeb:??EEret
hoc-beer aoppobbiRlely o iEbrgion neFiEede oA i, bkt it
y be lmagined that the probe cluster %
'1tself is constructed with _certaxn tolerances on the
actual location of the probe tips 22a frelatzve to the
cluster body 22. A calzbrat1on art1fact is located on
the inspection machine bed. The d1mens1ons of the
20 callbrat1on artifact are known preczsely. The probe
'cluster zs brought over to the art1fact by the mach1neq§;
“and each probe' t1p is brought into contact with the
' art1fact.. W1th knowledge of 'the dimensions of the
calibration artlfact and the measurements as sensed by k)'
25" the cluster, ‘errors are 1dent1f1ed and compensation
" values are stored for subsequent appl;catxon to actual
:1nspect10n results. _
- Descrxption of the job control module 39 seen
f”inf Flgure 10 will now be undertaken. The Jjob control
- 30 'portlon of CIGMA defznes sequent1ally the steps which
" - are deszred for a specific Job pr;or to any job'
execution. First the CIGMA system is informed of the
identity of a certaxn kind of a machzne whxch will be
attached “to the system. sFor example, a_C1nc1nnat1
35 numer1cally controlled mzlling-mach1ne-may be attached.



depiction of the part flashes on the CRT screen and the operator goes to
that corresponding point on the part manually wth the. probe.. Run
orientation is 20 entered and the Cl GVA sq%%yare takes control back from
t he operator. The predeterm ned part eatures as designated by
the job control are thereafter manufactured on the part if that is
included in this job  control and/ or the- inspection of t hose
25 manuf actured. features- ATPACR scommamé i3 ctllustrativet v i pelpectonbrol

are taken into 1éﬁ§ua§@”DMEf11zQ@tain agﬂ?anég%éé ttheA@6£§%”@$&§£?ﬂ

described, is rupn e anaI%S|s ure

end of the job coﬁﬁr?ﬁgéeﬂﬁeﬁ%%P? EhemneieMA o ﬁ%ﬁ%%% th@ nble®i nepgoifted
igteree\h émfl1 thfe pCoessot s DNCnemackine The vgl@?ﬂ' yehé g@@w&ﬁ §§mﬁ%n5' gpge
to which reference e rejpbefore wi
descri bed. g nc?%ﬁﬁf?%ﬁwlgmgh%nggef% fre ebysP?ﬁbfhﬂQIy%?%hh%ﬂulbs
gﬁge analys:s andflssat|§¢¢nnect@dbcess 3theontIGNA $yé¥em. a?g+ys%§v1ce
es anal yses or_separate
systént “Gage anal YE1¢ UPE 1 B Sl O S ETE AT or GERELES vt (R
alright?". . The defieed thwt thepllogical desaneat BCIGYMACRINDD. ccmmtslz.s
routine. The gagegord € éxpéﬁg@phpng de Bt ajs?gonst reigE ed g%{%ﬁ% e h
o) ugh t

|nspect|on resEéts and the s stemattenpts t 't the gages
al | onabl e degrgésb YRt helle i mpght edcoptain theIIOIIWElng

gage fits, msp@&imm lﬁs%' i ek H |fCI¢ hewa @ERE | d°e§omé‘0to éfitor
analysis is 10 und rewor k abi ||

i |
det er ni ned; as he’r%ﬁetf%%‘fkto]r%ns de%rc?| pEIen ¢ I‘Eﬁ %vor’k ’X‘T’ s ?JQ)%Sl%T'EACHT hbs
manner in whi clpestatmed eworthesmy hesuldeﬂ:imn | &r e CONMalch £19é ed E?péhe

T hmchi ne 1 s e A,  Pimed 'ene Tlkadddilsa aedioR8estq Conplsted
statistical ddwen ciherojob execution continues. If the machine
: cannot be  successfully ' attached, then the job
execution terminates. The - following illustrates job
control language used in conjunction with the ATTACH

command. ' ‘

L .20 FORMAT: ATTACH [machine typel
- . PARAMETERS: [machine type]

Y ) .. The machine type specified in the ATTACH
command may be one of the following:
o O CINCINNATI for cincinnati milicron 5VC
25 | machines '
O DEA for the DEA CMM machine
© AUTOMATIX for the AUTOMATIX laser robot CMM
'O SIMULATE for - testing and debugging JOBS.
The simulate machine prompts for data to
simulate measured data collected from a
machine, This is useful for quality
testing the software. .
O ECHO for testing JOBS. ' The ECHO machine

. .30



analysis, the query is "lIs the machine tool making parts the way théy mere'

made in the past. when they were acceptable?". A record of inspection
guantities 20 for each i nspected feature on each part is kept in the system.
file. This record 'provides a di stribti.on which is contained within '

the defined part tolerances for the population which. has been

i nspected. This population is used as a ‘reference for t he sane .
25 features i nspect ed omch@sftbaCKheaeapeefect measwremeéntli stységaion,, .
within which plus or .m .. - acgept 7% _of the
popul ation), is thereby de ned mntﬁ*fﬁ?he %ﬁ??ne par?gﬁtole?g%ces i When
one inspected feature gﬁfiﬁ&'%lﬂe"h% a)lmrt)rxmmetmeeeet)lm gma range

(3 oyt of 1,000), an il weipRe@NES! thé AL uﬁ@rmaﬁmesprocess
This occurs even though the part nmay stil

feature tolerances.” An inveéestigation ‘is |nned|ately ent er ed. P055|ble

causes of thg naverickqmmmungn51de the plus 35 or mnus three sigm
range nmay be due to a Qﬂﬂy 63 causes ~These causes include a QEW

operator, a |oose fi - materials, a worn out too

etc. Something is chang@nDQIo dﬁmm tstsecmnemf dwtt@dalcmmbétom beAbout

(e BorLz e, e el de gl uietns APRRASE 0P hloptll, a2

If one or nore of tERAUEsEeRd toplktsis e&Qﬁdeﬁad;ntOthbhenvsBImghnlon
i s.continuegg When anynel e cqﬁgékpinprpé:ef s0diced & éldl S f@lgﬁggy t he

operator can recall ome. de iction of the historica
call up a run chart (ﬂP§ﬁ§h& How th¢yaiNC. s%%%@flﬁllenaﬁ®¢%ctum@d

feature is appearing cortain res W éof éﬁ&géls@;ecif OfFh &' @KS Sodé 1 Ngc May
call up what is caIIe Chart IS 15 deplctlon of
t he nean of the mspec?%brggt?gr%?%% not spec:.fy TSOL to "the pos
. processor, This - optxon 1s for use on DNC/CMM !
15 or DNC machines only. It is ignored on all
‘other machines. a

RELATED OPERATIONS:

An ATTACH must be used before any DNC or CMM

type command can be used. If it is not used, \G
20 then a system related verror will be

reported. The DISCONNECT command may be used

to free the-device for:use by another process, i)

EXAMPLE: -
ATTACH/TOOL=9999 SIMULATE

25 7 This 1nformation wzth ‘regard to ‘the machine

' type . attached to ‘the system sé:ves as a "wake up" for
the system. The system then executes the calibration
process déscribedz in conjunction with the inspection
module 37. | '

30 o - CALIBRATE is also illustrative of ‘the system



Afternatively, an R-Chart may be called up which depicts t he

range of inspection points for that feature in that run. Wth
this:  information the operator is bettqg7 equi pped to designate one
of the 20 potential sources hereinbefore nentioned for the out of
control condition. Thus,- an’intelligent neans is provided for making

the aforenenti onddb CbengeoltOlahbeaﬁéoceeéﬁLQBRﬂTE t@s r488ENHo mB8subbve
part sanple

to gss i s_back in control. 25
The tolerance Qg éghﬁgl 98§H§tg 10amnPF° 8w GLUAEEE | Bd. Pr#RE to
t ol erance nodul e use-MW|Ehen SYatemherEn&L@essyshaﬁ1&Dl psebbytdpsllna be

engi neers as oppo I n SS L neers,

segarate funct:op é&ﬂéggaGUé ?%?%gg E%Q& ?gé PQ% gﬁ EeﬁﬁgﬁFe tﬁéfﬁo fl;gt
of which is the?l EB¢ Q&ﬁﬁFeXPrﬂbﬁctgéﬂmetrYt lhaEDOUng srdnthecdgaigndof
that it is..-. dlﬁﬁécubfoser Ebgsgg§|gpn HéneggSt§ﬂ|cﬁ§S|P?acuéra tigg

- parts mnth toleranC|ng g gart eat ur
assenbly without FREELRSr&8c e?b¥e§ny E%Hd?tpéﬂbeomaYthEGSSCﬂhbbrﬁheds to

rnfhﬁn‘ the recitkhd pdesignl evaDges. céﬁESBneg Opf @Hg'gﬂ?rf Se&mgnSx agd
ol erances one not her engi nger desi and tolera :
mating part. Th§?£%}8£g‘ég§§? %Fl?ﬁkbg i hOdab8 d€§§?rptFQ% oFaghEﬁaB+°Pmo

mating parts tb@er@sulvst h nap toberaneadg Pnacfooni ng daea thte. ANBhe
standard and Trugelbgat eono6sib! VaOhes i NgPohb° Lhe' "iokBOR ERSE, .t

tol erances for eac
“al sQ_, checks mhe?ﬁ%?teénereﬁ¢reﬁﬁ% peinhg tophhescenterdeﬁcthbedaﬂlth1phe

correct GD and T gbneashed end é@cﬁ0|§féﬂée de@ﬁé'pfﬂfﬂo t'Yfl%Qth?egD
and T part descri |on

art
parts my be S%htl??% r°;nt%an9%ﬁﬁ d B d (iy pB?EﬁFPﬁFlonnaYéFhalthe
I nterference, lSamNLIBRRTE cohmmmadeflnitlon I nconsi st enci es bet ween

the parts. In 15 sunmary, -the first function of the tol erance nodul e
FORMAT: _ CALIBRATE processnumber
CALIBRATE/DESIGN

CALIBRATE/FILE=[filename]
. 'CALIBRATE process_| number
20 PARAMETERS In this form of the CALIBRATE
'~ command, the process number to use is given
as a parameter. This form is used when an
-/ T o actual  CLUSTER  calibration is to be
| - performed. Note that the use of FILE, DESIGN
25 and any other qual;fier_xs not allowed (i.e.,
o _there are  three different forms of the
calibrate command.) o

1O

_QUALIFIERS . _
. /OUTPUT___FILE= [lee —_hame] The calibration
30 ' results are stored in the file specified.

This file may be read in later by the CIGMA
system to calibrate a probe rather than using



checks tol erance val ues whi ch have al ready been called out by the design
engi neer or engineers and indicates to the system user if - there is
potential. material interference of if re is inconsistency in the datum .
20 call-outs which would allow an othérwise correctly toleranced
mating part to achieve a "within tolerance" * but "no fit' condition. The
second function of the tolerance nodule . 40 in Figure 10 is
performance of fixed amdchige itipee3d aaldbaatandihesiprobe) hi gh percent age
of tolerances on nechanical draw ngs are there to show the | ocation of

f eat ures which functlon to _hold_ parts together wth fasteners. It

should be noted that a‘m%@ﬁ%tr@ﬁér ‘4331 pr eSRhR e MAKTIPRRR eattdldienol t
which passes through i3 aised eadcAnGRdntidle Hov X £ @é‘é’if{‘gﬁ%es a

t hreaded hole in tin ar. fl oati ng fast ener

represented by a boI{Ea %hés‘g\esﬂrﬂ%gﬁaé@t@é%cé"%l Pen orBaghart

and a correspondi ng cleamandacdﬁﬂdh Iﬁeﬂdﬁivdﬁﬂﬁdﬂthéﬁﬂés1gﬁ”¥53é@ﬂﬁ?s
exanpl e

fasten the two parts 3 nmeans, nut
applied to  the thr ads %\‘Jkt bn?gass[e@ne‘lfod'rf t"ﬁewdﬁﬂ’o‘s‘?té@-‘de MAXT IR v
mating part. " Thi sERR ‘ofcortthe tdelsirgancdocatidini.e f et ivhe sapeas to'
create the tolerance v bg | e t de engi neer, on t he
drawings for 5 - the %Iart adtnsg thh&?atl(r?gaq'%aert ##ee Sdrlg%&iure
undertaken by the ud@rmingtes (‘J'rlr'ﬁhngalﬂ OSELOF « fatﬁdﬂa MAYTIRHRR in
the secondg unction OgufahQﬁl@zerl%ll%t”@iﬂéﬂEJ.re‘@' V%Scb gié'f’% & Q}lﬁ ng a

; e _

fastener to 'be use Fast eners are 10 de: havi ng and [
body dianeters and RESFLELEES 1609 90 then fo chegk is mage.ch descrlbe

defined bearing areas on the under3|de of the bolt head. Such fastener

descriptions may be " | al, eng erin tabl es. The
user then demgnates%?}‘%%l:% glrptela gf drt . \/\#g\> qﬂ\i‘

fasteners are value is used to control how far off of _—
| design the radius of the ball tip may be from
- 15 ' the design value. If thls value 1is not

specified, then no’ checks are made.

/MAX_VARIATION. This is used to control what
the maximum deviation of computed probe tips
‘can be. 'The calibration process generates
20 five pozntS'around a sphere 10 (Figure 1) to
~ ‘calibrate each tip. ‘This results in five g)
_'computed _ diameters for each sphere tip.
h These values are averaged. 1f the deviation
' 'from the avetage for any probe tip exceeds
©25°  °  MAX_VARIATION, then CIGMA terminates with an
o error message. /TOOL=[tool number] TIf /TOOL
is given, then the 'speeified tool is 1loaded
into the spindle before the calibration
process is executed.

¢

30 CALIBRATE/DESIGN. * There are no  other
' parameters or qualifiers used with this form



to be used. This is done by placing a cursor at a fastening point on
a displayed depiction of the part and entering the information through
t.he keyboard, as hereinbefore described fgf other functions of - the
20 CIGVA system - The wuser now designates the datuns on the displayed
part which are to be utilized in locating. the features on the
part, such as holes, where the. fasteners will be placed and enters the
datums into the system °fThé&h® GRALIERAZR noWw®aidRdes 2Fhife otammand
size of the holes for t he dpadifiels anthat he ghele. deddsgd | UE thetfpfgogg
holes on the mating part fhe systemsiml t usly inves ates, the
CAD nodels of - the part cﬁﬁé% f&? ﬁdqﬁ eréiazl' eb‘@d%e

| ower optimum hol e sizescﬂustenhe holes in both 30 parts are

conputed such that all the bearing surface of a fastener bolt head is in
contact with the surface of the part through which it ‘extends. It
may be recogni z&d t hat it QAL IBRATE R RLE=[tfd kehe dwgiegh ' of There asmrmbine

if holes in a part Co%]p w%&é.ﬁgﬁsgeroérﬁﬁiﬁsésa{lﬁwsm Xt

out skae-" t he dlnen3|ons gkgxwtlon of ast ener e
bolt head). The Cl GVA fordysiafy they SALIBRAGEcommando (Rinks d@‘mqnﬂn
che char ?C_t eri st ij_csl | o; dpeified tttﬁtbetue's%ltlcb:f‘artﬁaixf itshe mﬁr It1:><=1‘ e&fjé&dﬂ
or exanple, a dri as i wear s u a lar ol.e. an
nmechani cal engineering tdfl.esfWoR & éﬂfat¥9ﬁ?¥§;qtn1 ékﬁ the, probe
magni tude of jguch enl ar gduster némh 333 obreyedined drid | 4heé , dalribretidre,
w Il never create a hole ver . 2 dri
bi t\'/r eaches a dull 10 cf&;i(ﬁ't T oa?{m6 %l“ggt n%f%\ﬁ&’ e%}%{]qugbe{n% Fr ttﬁb%te
facts, uses themto tol erdscda e paead dmd the opedatiqomraf Bhe wamachigfe
exanple of the hole i SRNGGHLY e?étééﬁlr;n Rype 1&8?;%%&*‘&/5%&1&3@r

floating fasteners, * reference 1s na | gure ereln a part 57
is 15 shown -having four clearance hgles 58, therethrough. In
RELATED OPERATIONS:z:-~ R o
15 : - The ORIENT and INSPECT commands rely on the

cluster callbratxon.- 1f an- INSPECT or ORIENT
is attempted with an uncalibrated probe, an
. S - error message is g1ven and the CIGMA system
o terminates, If .an INSPECT -or ORIENT uses a.
7 20 - . different CLUSTER: than - the CLUSTER that was
calibrated prevxously, thsn ‘an error message
is generated,-and the CIGMA system terminates.
 EXAMPLE:
.. CALIBRATE/DESIGN SR
25 . CALIBRATE/FILE=STAR._CLUSTER.CAL
h CALIBRATE/OUTPUT=STABT'-' - CLUSTER.CAL/MAXTIP
ERR=.0001 901 | '

- : o Following execution of the calibrate command
in Jjob control, a point 1is found on the_CAD model

30 stored in the computer by aligning _ the cursor
crosshairs manually on the desired point on the CAD



this exanple a bolt having a 0.500 body dianeter and a * 0. 750 head
size is <chosen by the design engineer to fasten part 57 to a mating

part 59 .also having four clearance Egj 61 therethrough. If the
holes 58 20 never exceed 0.625, the earing surface of the bolt head

will  cover the holes B58. A 0.593 drill, incapable of drilling .

a. hole..larger than 0.625 as ment i oned hereinbefore, I's selected and the
four holes - mafed. cald eFOLNRL aks (A lmuldi amnia’rt plfmr 0. Ow;uaﬂhich

*25 allows a raaég,_rgﬁgﬁqg,e Ye&ae 0-625 §s dmé\;a]léqp @nél t he

di fference between 0.593 and t he bolt body dlaneter n1nus
tol erance ' on A4HFaGRI% FhHeHRAD . 093‘"‘.&) t HEAD t hedomi ot 1Ry n@%r the |ess

t han_0. 500. clieent®Son stwdamle (‘éﬂit OLEorI h&ﬂﬁi.fé}{ e gHPeajéb HbiSrél ue
posi tion, dléneter zerq 3ﬁ9ran erial condltlons

t
rel ative e generat[ﬁ pa‘rst @P‘%& Len the FiGRFe 16.
Wien Cl GIVA |smi£émei°ﬁte:thatthei dr dearkat i enegro@esé)el rtnesépiwédmceph wth

regard to the the, us {s are desi gnate

her ei nbef or e %ejnd}&% t &iztr%anc ﬁﬁﬂ?@ﬁqq oe{'f?%‘ble f oY . the

Addi tionall y, cRliGvtatisns pragess. htay t hekrors alftetmatpar tuses ai nrrmg t he
cl earance hol n ef Kﬁﬁﬁ

cont ai ni ng %rbraegn[)a%dl%%?aét/t ée‘!rorslquo%J}ﬁh&r:‘!el'iad(:je Sﬁéegst"{a{?%%re?% ore
described: 1Y ko tifispecting machined - keaturesnt aikh ng 9 hePQﬁ%eblamcetMOI es

will have a clpaimee Ralthdo gpnamdye t idtions derdbiale iFiciday Same
~as for the qﬁﬁ p fastener anal ysi-s , but the negative to erance oy

t he cl earance MOFSAYRhR QMg kngiances it  maw: der
when fix. .- |des1rtdh§.etf1:roeadatmmé imsw f¥atdrdes MIowé‘dJrEMéHMeIﬁe

Hoating  part ot UL end Wiy dalhsfed [ BiGradn fpm ke ™°

The d eMch aforementionedgdatamms. t hikn this fashion a part may be .

"literally built step-by-step ~and inspected .
step-by-step with reference to the- datums contained in
the CAD model and the inspection gages hereinbefore
described., ' T '

20 - Having run the inspection process in a step’
wise make - inspect amaqper -“ot-.ifor the entire .
manufactured part all ‘at once, or any combination
thereof, Jjob control now turns to analysis of the

. inspection results. Analysis proceeds for simulation \;)

25'in the fashion to be described hereinafter for the

'~ analysis module 38. Subsequent to the analysis step.
in the Jjob control definition ' a command is given to
détach the machine and the system is turned off..

- Other functions are -sp:inkled. throughout the
30 generatlon of the job ‘control - sequence which may be
required during any specific job. Certain displays
- may - be provided for spec1f1c~ purposes during the
running of a job. Operator - messages may be provided
which are: specific to that job. When -all of the
35 foregoing " is . accomplished including the other or

*



15 necessity during fixed fasteneer analysis and, for purposes of
conparison, the tolerance on the holes 61 in part 59 of Figure-16, .
presuming they are for- this exanple t@{eaded .holes for. receiving
the...fastener, would be 0.062 at maxi mim naterial conditions where 20
the thickness of the  part S t aken into c?niideratign

The ANSI - call-out,_ , for, t four_ threaded holes 61 o I gure ,
woul d thefore dREHAhs ffdﬁch\b?nsl/ £of3 GncPAstAsular Jjob, that ( job

0.062 M A GaBtrolP :’.'E’lemmuflcdtleﬁrl]\nhyg exedxtz.ra_ﬂ tlﬁbbrﬁm atsgti;ud@{éyr &R
listing depictin er | pr. e

operating the % scr]%oés}g sysjs‘?'?e\r;{:Pl at 3(5‘ ceé%r %remnﬁ’y ettvﬁ S aRprator
anal yses, . job &% has 1¥ﬁ$t9§&9nﬂh§§ mmaﬂ}quummasmds seqﬁedaﬂl When

Corporation 198%.the GpeddRBPUTHNE $R lg? \%R €hZough o%%%‘%%%ttm& p(rjeg;qh%e]

overall control for Statlstlcal Proce
CC  Begin exd&Qfyense ciop centrol Mayp theneafdtess  enu caldiesks up oy

user ¢ DO WHI LE the NpkratfMaWARE 1L ,I'F ( MENULEVEL . 1 ) THEN C 15 C

Get ﬁsér to choose type of. Statistical Process Control
activity fron menu. C CALL“CI%%ENTR CEudlcE Perfrrmance NBWENSb cprgEd in

‘the shop the identification of the attached machine

10 provides 1nformat1on ta the CIGMA software with regard

_ . to the tools available and/or “the inspection’ devices
AN available. The operator then selects "Run the'jobf
| and the calibration proceséris entered for the cluster
probes  as hereinbefore~-described. The ;desighated
15 point for orientation on the part after it has been
approximately oriented -in  accordance with the CRT
depiction of the part flashes on the CRT - screen and
the operator goes to that cbrresponding point on the'
part. manually with the. probe. "Run orientation is

20 entered and the CIGMA software takes control back from
the operator. 'The predetermined part features as

\ 1
$¥ designated by the job control are  thereafter
manufacturgd.on the part if that is included in this
" _job - control and/or -:-the - -inspection of those

25 manufactured. features ensues. The results of the
~ inspection  are taken into the computer data, and
"analysis,.to_be hereihafter describe&, is run by the
-analysis module 38 of Pigure 10. At the end of the

job control sequence the command to detach the “machine

30 is entered and the process is turned off.

, ~ The .analysis module 38 of Fiqure 10 to which
reference was made hereinbefore will - now be
‘described. Two = functions. are performed by the
analysis module, gage analysis and :statist;cal- process
35 control . (SPC) - analysis. . These analyses may be



CHO CE , REJECT , ACCEPT ) 20 CC Set option flags, based on
user's entry; CIF ( REJECT .OR ACCEPT ) 25 END | F ELSE
IF( MENULEVEL.EQ 2 )THEN IF (CHO CE EQ,l, ) THEN C C _ User .
chose nmenu itemone, Statistical Process ntrol 30 C

Anal ysis. C CALL SPC ANALYSIS ELSE IF ( CHOCE .EQ 2 ) THENC 35 C

User chose nenu ItemtW0,, Statistical Process Control C '

Dat abase Manag&a¥hdedCsCmultanepusiyVeG (s§paratelYRUEy tRECERYskem.SE 40

cCcC SO of ro u C END
' ELsE 45 290 anaRpSusirbiIR e ReSCEibRR bRy B SRRRLsS C ¢
Pur pose: - To peFFthﬂﬁnBF?§|saiéiggﬁafrstlgaﬁ Pg3gess tbatr orpplyC are Begin
execution. C designated by the job control routine. The gages are

5 placed on the part as constructed by  the inspection
~results and the system nattgmpts"to fit the gages .
through' the allowable degrees of gage freedom to thé ‘wﬁ
inspected part. . If the gage fits, inspection is
complete. If the gage does not- fit, analysis 1is
10 undertaken  for .rewq;k“ capability. If it is
determined, as hereinbefore describedgfthat rework is
possible, ‘the manner in whigh"such rework may be
undertaken is ‘communicated to the ‘operator. TIf the
gage does not fit, no rework is possible and the
'15 machine is detached and that job is shut down. - Y
With regard to statistical’ process control
analysis, the query is "Is the machine tool making
.parts the way'they-Were made”_iq”-the; past. when they
-werez'acceptable?'. . ‘A record of inspection quantities
20 for each inspected feature on each part is kept in the
system file. 'This ‘record provides a distribution ot
which'is;contained-within the defined part tolerances
for the population which has been inspected. This )
population is used as a reférence for the same \_
25 features inspected’ on parts thereafter. A normal
distribution, within which plus or minus three sigma
'is - acceptable (99.7% of the population), is thereby
defined within the defined part tolerances. When one
' inspected feature goes outside the plus or minus three
30 sigma range (3 out of 1,000), an' out of control flag
| comes ‘up for that - ptoceSS.fn'This'o¢curs even though
the part may still be within - the part feature
toleranceés. An investigation is immediately entered.
Possible causes of the maverick point outside the plus
'35 or minus three sigma range may be due to a number of



¢ Sort the Statistical Process Control data file by ascending C
entity pointer and within each pointer by ascending date and 10 C
t,i me of nachi ni ng. Termnate if sort is ugﬁgccessful. C CALL SPC SORT (

TERM NATE ) C C Loop to- process nenu ch@izes fromuser. C DO WH LE (
.NOT. TERM NATE ) IF ( MENULEVEL .EQ 1) TEN C'C : Get user to
enter boundary conditions for Statistical 20 C Process

Control anal ysis.C%984 @hsseEadsEScEnNSsie i Nk IMRSEANEMVENS , IR

: FROVPT : REJE@ExtuMEW'ad/vgioﬁﬁ @'natenals,f a Qstﬁﬁk C@J@&&gﬂ copert
to format used -t ect records rom.Statistic rocess
Control data fil e§) ’Qfeq hﬁl’:‘ﬁc‘&' Q?ALI?%%ATFE@R%N% a% gontrol

PROVPT ( 1), USI?id‘dFa(tzdn), REBLEET )£ i3 parts are madé b¥ tHNOlpr d¥eldECT)

CALL 70 DATE (s R Ak s, o T I ports.

C 3S : consﬁeﬂl_e?E BIcBE be. magk, Mi"l\llﬂtcﬁ\ﬂ_ol & 13 m:medm II

Get user to ent ergdde ey Pf hed SrPer pcgatlrgg

t he hufber of sarrpr} es 6&3 be - uses nq%ont_ro. Ielpne ca cul_atlon C?a&LL él’g
ENTR DATA ( PROVEXES S Ngahen. esmsm S, NBSAWP ;" RNBSMP , REJECT
ACCEPT) 45 : WH&(EE]EGUt TN dontrol process 1ndlcatlon is

10 made, the operator can -recall some depiction of the

_ historical - dafwaﬂ.:ﬂ ;- mayr call up a run chart which
/- shows. how' tﬁi?*??éécf?fc ‘manufactured feature is
appearing as a- ‘resuit :0f the inspection process or he
may call up what 1s called a X-Bar Chart which is a

15 gepiction - of - Ehe meaﬁé*of the inspection samples.
_ Alternatively, an . R-Chart may be called up which
 depicts the- * range- ‘Of .inspection pgints for that
_-feathre in that run. With this zllnformat1on the
operator is better _equzpped to desxgnate one of the

20 potential sources hereinbefore mentioned for thé out

of control condition. - Thus;.:an-intelligent means is

4

s provided for making the aforementioned change'_to the
| 'proce§§' prior to running the f£five part. sample to
> determine If the proces¢ is back in control.
~ 25 . ""The ' tolerance medule 40 of Pigure 10 will now

be described. The tolerance module-is written in the
CIGMAE system for use by design engineers as opposed to
-quality_edntzoli or process engineers. TWO separate
functions are performed by the tolerance module, the
30 first of which is the less’ compIéx - function. It has
.1ong' been .recognized  that -1t isﬁjdiffiqplt” for the
‘design engineer to -design two mating‘j:parts with
-toleranciﬁg on the part features which will -gquarantee
assembly without interference for any condition of the
35 two parts  within theﬂ.recited'patt tolerances. Often



C Go back to previous nenu level. C ELSE I F(( NBSAWP ( 1

).LT. 2) 50 _ .OR ( NBSAMP(1 ) .GI. 25 ) .OR (NSAP (2
).LT. 1)) TENCC Get uggr to try again. C CALL DI SPLAY 1
M5G ( NBOSER OSERMS, 2, . TRUE., ACCE ELSEC5 C Go -

on to next senu level. CENDIF ELSE IF ( MENULL .EQ 3 ) THEN. C 10 C
Get user to select an entity for Statistica Pr ocess Contr ol

C : . «
anal ysis. C CARE PPEKRERE £RAFIIR E,t9$€iﬁﬁfeﬁhﬁﬁﬁﬁ;'gﬁrt while
REJECT, ACCEPTanéEhe€ Cengineer desSghsfl|aga feoclévahbes peheesmabgngased

B0 TF ELsE PR | e ExGRA" dysth "ERFEP koo iBhALPS SEAARE 78NS Eand

selected C each of twanmahingypaovtsStagesherawiPhocthe Cooleroknedalysis,
20”2 T BEEOFORRT 00 oCORE USRS B0dndaF 2Une1hGRME Gacks AL,
assembly of the parts if the . worst case tolerances for
part assembly exist -at each .part. The CIGMA system \‘)
also checks whether ~one of ‘the 'méting parts is
described with the correct GD and T dimension and
10 tolerance description relative to  the GD and T part
descripﬁion of the mating part. In this fashion the :
~mating parts ‘may ‘be identified with regard to (1) o/
potential .material interference, and (2) datum
definition ‘inconsistencies between the, parts. 1In
15 summary, the first function of the tolerance module .
checks tolerance véluesf&ﬁich-have'already-been called
out by the design engineer or ‘engineers ‘and - indicates
to the 'system- user if there is potential material
- interference of if there is inconsistency in the datum
20 call-outs which would allow an. -otherwise ' correctly
toleranced 'mating' part to achieve a "within tolerance"
but *no fit®* condition. |
:  The second function of the tolerance module
. 40 in :Eigure 10 is pérformance.of fixed and floating U
25 fastener analysis. - A high percentage of tolerances on
‘mechanical 3dtawin§s are there to show the location of
features which function to hold parts together with
_ fasteners, It ;shouid be noted thzt a fixed fastener
. is represented by a threaded bolt which "passes through
30 a clearance hole in' one part and engages a threaded
hole . in ‘a mating- part. - A  floating - fastener is
represented by a bolt which passes through a clearance
;hdle in one part and a cotrequnding clearance - hole in
the mating part, and serves .to fasten the two parts
. 35 toqégher.by means of a nut, for example,i applied to



ENTYPE) C30 C Go back to previous nenu level and see if user

vants C to do the analysis again for another entity. CEND IF
END DO 35 END C SUBROUTI NE TCLAN%LESIS CcC - Purpose: This:is
the driver for Tolerance Analysis. 5 CC Begi'n execution C C

Present the Tol erance Analysis nmenu the user, and C performthe
request ed functi e r ys C |

. GOTO (1000), GE!? a %?E? B0 IgLEf?Eﬁé%lerTEﬂF/l ﬁfi f’%@sa% side of
CALL Cl G ENTR CHYhEE MPRARERYPALFENLI NEBLSVENSeCORASPQUSEE rRATECT, mAdﬁEET)

C IF (REJECT . QRgufe€kBh) E@ENeQ 280 Ccreate the t@@eiﬁnEenbﬁﬁﬁ@sh%Bebe
return to main Cl.G C LSE | £ gRESPCNSE EQ 1) THEN C 2
Fl oati ng FasteneFaAﬁggy§P§ bYcthe design engineer on . the draw1ngs for

5 the part and the mating part. .
| The procedure ﬁ'undertaken by the user in
performzng floating fastener:. "analysis in the second
function of the tolerance module involves initially
- Cchoosing a fastener to be used. Fasteners are
10 gescribed having = standard body diameters and head
sizes (on bolts, for. example) wh1ch descrlbe defined
W, bearing areas on the_unde:eide of the bolt head. Such
| fastener descriptions may be ' obtained from mechanical
engineering tables. The user then designates the
15 positions on a part where the' selected fasteners are
to be . used. This is done'.by placing a cursor at a
'fastening_point on a displayed depiction of the part
and _entering- the information through the keyboard, as
hereinbefore described for other functions of the
20 CIGMA system., The user now designates the datums on
~ the displayed part which are to be utilized in
v lecating. the features on the part,. such. as holes,
where the_qfaEtenereﬂ will be placed and enters the
datums into the system. The CIGMA system now computes
25 the optimum Sizezof'the-holes.for the fastener and the
., true _poeition of - the .hOIESH_Q& :he-mating part while
- the system simultaneously investigates the ' CAD models
of the'.pa:t and the mating part stored therein. Upper
- and 1qwe# optimum hqle sizes for the holes in both
30 parts are computed such that all the bearing surface
of a fastener bolt head is in contact with- the surface
of the part- thrnugh which it extends. It may be
recognized that it is detrimental.to_the design of the
~assembly if holes in a part receiving a fastener are
35 so large as to extend_ outside the dimensions of the



ELSE | F (RESPONSE .EQ 2) THEN C 30 C

CCELSEC 35 C Wrst Case Assenbly Analysis CALL SET
Cl GCON( 2, 1) 1000 CONTI NUE .CALL V@HTCASE 40 C END I F END DO C END
C SUBRQUTI NE VORSTCASE C C Pur pose: This is t-he driver for the Vorst

5 ccC .Begin execution CC °~ Present the Wrst Case

Case Anal ysi s.
Assenbl y Anal

sis menu to the user,. and C erforn1the fequest ed

function, unti P1§H§9U§@Ftééﬁs°ﬁetf6 fQStenerléqhﬂﬂhﬂ%ﬁj he@d&daTo (1000),

CIGOON(3) C DO VI LE (pheT. TERWMNATE) sietem  also CAldakdeS ENFRQHO CE
( PRI MARY, MENLINES,

ACCEPT) C IF

5

Fﬁg§ééewgggonAcggﬁT)cyﬁéﬁqéerlstlcs " of the tdqi %o

used to create the part feature, For example, a drill
as it wears out will make a“larger hole and mechanical
engineering tables ' provide .an indication of the
magnitude of ‘such enlargément. “A 0.593 diameter drill

" bit, for example, will never create a hole over 0.625
diameter even when the drill bit reaches a dull

10

condition. - The . CIGMA system, knowing these facts,

- uses them to tolerance the part and the mating part.

15

By way .of. . example- of “the  hole tolerance

generation, by the CIGMA system for floatingdfasteners,
reference is made to Figure 16 wherein a part 57 is
stown having - four clearance holes 58 therethrough. 1In
this example a bolt haV1ng a 0.500 body diameter and a

- 0.750 head size is- chosen by the design eng1neer to

20

fasten part 57 to a matlng part 59 also having four
clearance holes 61 therethrough If the holes 58
never exceed"0.625, the bearing surface of the bolt
head will cover -the holes 58. A 0.593 drill,

‘incapable: ‘of drilling .a hole. -larger than 0.625 as
" mentioned here1nbefore, is selected and the four holes

- 25

are called out at 0. 593 d1ameter plus 0.032, which
allows_a_maximum hole size of 0.625% The minimum hole

- size 1is the difference between 0.593 and the bolt body

'_diameter, ‘whereby the . minus tolerance on the hole

becomes 0.093 so that'the'hole'may never be less than

10.500. The ANSI "standard call-out therefore appears

30

35

as true positzon, ‘diameter, zero tolerance ‘at maximum

materlal "conditions relatlve to datum A (the top face
of part 57) as seen in Figure 16.-

GET

{;

When CIGMA 1s advxsed that a frxed fastener_--

is being . toleranced ° with regard to the_matlng parts,
the user inputs are as designated hereinbefore when

Fi xed Fastener Anal ysis

b}



20 C We're finished here - return to previous nenu C C ELSE
| F (RESPONSE .EQ 1) THEN C 25 C . Merge in Mating Part C CALL
MERGEMATE ( PARTMERGED) C ELSE | F (RESPONSE £8Q 2) THEN 30 CC

‘Perform Wrst Case Analysis C CALL SET Cl (3,1 ) 1000 CONTI NUE
35 : CALL VCANALTSI S (PARTMERGED) C ELSE | F ( RESPONSE . EQ 3)

LLaE |CFC( RESPONSE 1eE:(SD?é ﬁH%‘Sct ARy s &@mvmﬁé@% 1¥e
CALL REMOVENATE QE3fr ) f9%ELgheo thigkress of the paeposeBEaAnAngi ng
part (so it's owhefcldurarmer HoleN laddrpdelMiaby(also the thickness of the mating

part containing a corresponding pattern of threaded holes as

5 hereinbefore described. In this instance the member

containing the clearance holes will have a ¢learance

hole tolerance on the plus side whichi'is. the _same as

for the floating fastener analysis , but the negative

tolerance on the clearance holes will be . diminished,

10 because the fastener when fixed in. the threaded

portion of the part containing “the threaded ‘holes

Y, . clearly cannot move.  The ¢learance holes ifi“ the

floating part must ~ therefore be more tightly

" controlled. The CIGMA .- 8ystem recognizes this

15 necessxty during fixed fastenétasanadyszs and, for

NGy i

purposes of comparison, the toleranée on the hoies 61
in part 59 of Pigure'ls;'presuming they -are for- this
example threaded holes. for :ece1vingﬁ the ..fastener,
would be 0.062 at maxzmum mate:ial condztzons where
20 the thickness of the part 57 is taken into
consideration. The  ANSI- caildout"-for the four

threaded holes 61 of Figure 16 would ,thegefo:e appear
as follows- B : _,»uf ;. _

1/2 13 UNC-2B

A
.\

25 - 0 - 0 0.062 M A
|  0.510 P

The following' is an abbreviated p:ogram
listing. depzctzng one manner in which a program may
- be formulated for operating the disclosed system in
30 performing the disclosed analyses, 3job control and
tolerance quulé processes, C, FMC cb:pogation
1987. '



END | F END DO - END 5 CRUNJOB C+ SUBROUTI NE RUNJOB( PDLQLEVEL)

ccC PURPOSE: TO RUN THE SPECI FI ED COLLECTFON OF NC TOOLI NG AND 10 C

| NSPECTI ON OPERATIONS) C C BEG N P DURE C | F( PDOCON( PDQLEVEL) . NE. O) °
THEN 15 | F( JOBSEVERREERROR) NCC- : AN ERROR HAS
OCCURRED - JUST TERM NATE C CLOSE (UNIT -MSUNIT) 20 CLOSE
(UNFT = NCUNFT) END IF END | F GO TO (1000, - - - _

-2000, 3000, 4000, 5000, 6000, 7000, 8000, & ' 90000, 10000, 11000,

12000, 13000, 14000, 15000, 25 . - & ' '

16000, 17000, 18060&!@!3151!1)082{})300) PDQCON( PDQLEVEL) 00 11=1,80 END DO C
C. . ini t¢al i'ze fixture offsets (these values are set by manual fixture
30C c ‘Purpose: To provide overallioomxrolCior SUEtisti€al Process

JOBNAVEPRESENT) THEN 35' Cantrol optigRiERE S A JOB-NAME | N COMMAND LINE C C
ELSE DO W% LE ( NOT. DONE) 40 C :

c SR : _ e
c Beg:ln execution. A T
10 € Loop to process menu choiees from- user.
c
'DO.VHILE ( .NOT. TBRHINATB )
c IF ( MENULEVEL .EQ. 1 ) THEN
1s ¢ Get user to choose type of Stattstical Process CQntrol u
g _ activtty -from menu. .
' CALL CIG ENTR CHOICE ( PRIMSG , NBHENU TXHBNU D
e & _ cHOICE , RBJECT , ACCEPT )
20 _ _
g Set optien ‘flags, based on user’s _entry':
N TP ( nx.mc'r .OR. ACCEPT ) THEN
: ' BLSB .
25 "'END IF ' -
- ELSE IF ( MENULEVEL .BQ. 2 ) 'rml
IF ( CHOICE .EQ. 1 ) THEN
. C - '
: c User chose menu iten one, sutistical Proeess Control ~
30 ¢ Analysis. . “-"
4 - _
: CAI.L SPC ANAL!SIS
BLSE 1P ( CHOICE .BQ. 2 ) THEN
c
5. ¢ User chose menu itea tvo,- Statisueal Process Control
: c Database Managesment. .
c _
CALL DISPLAY MSG (1, 2 ,..nux. + ACCEPT )
BLSE S .'
40 C _ .
g Some sort of error occurred in menu processing.
. END IF
: -~ BLSB
45 .. . BND- IR



’
-

C Job being run frommin menu sel ection "RUN JOB" C
find out how user wants to operate C CALL CI G ENTR CHO CE( PRI MARY, NUVBER

OF MENU | TEMS, 45 ' - TYPE OF JOB, RESPONSE, REJECT,
OPCOVP) | F( REJECT. OR. OPCOVP) THEN ELSE | F(RESPONSE. EQ 1) THEN CALL.
CLRALPHA 50 ' L&qUSERCHARINP (' ENTER NAME OF JOB TO
RUN: ', I F( NOT. REJECT AND. USERI NP. NE THEN 74 ELSE
END | F ELSE | F( RESPONSE EQ 2) THEN C sc .-~ run job from
keyboar d con&and node C C C . - Default data to partnane 10
CALL G G GET PARTM&WM@@'S&E’)ANEL&SC C ' " fun job from
menus C 15 ¢ CALL CI G GET PARTNAE(USERI NP).-END:IF -

END. | F END DO CAlPurfiisedl RApefEora analySNDibd stHid 11 dadIRMIde8 dgn2eél . REMOVE
SPACES( USERI BP) C__
Begin execution.

Sort the Statistical Process Control.data file by ascenéing
entity pointer and vithin each pointer by ascending date and
time of machining. Terainate if sort is unsuccesstul.

CALL SPC_SORT ( TERMINATE )

e 1p

OO0 oaoaoo0oan

s Loop to process menu choices froa user, "
D DO VHILE ( .NOT. TERMINATE ) |
Y | IF ( MENULZVEL .BQ. 1 ) TEEN . . . |
Get user to enter boundary eonditions £ot Statistical

20 Process Control analysis.

caucxcmrzx'r(mmu.muss.
& | uauzﬂu.msvm. PROMPT m:cr ACCSI’T)“‘____‘__

s NeNeNe]

25 Check dates and convert to toraat uscd“to select records

" from Statistical Process Control data tile.

o xrc.uor.mncr;cm.srcmrz(msmu).

& PROMPT ( 1 ), USRINP ( T ), RRUBCT ) -
30 ':r(mwscr)causrcmn(msvu(z),
& mnn(z).usuur(!).mzcr)

OO0

X X2

Set flags for further ptocessing based: on user’s response.

35 IF ( REJECT ) THEN
. , BLSE
g END I?
zx.sx:r(mmx.mx..zn. 2 ) THEN

e

40 Gat user to enter the number of observations per salplc and

the nusber of samples to bo uscc.in control line eslculation.

cu.x.cxcmmu(nnsos,msm,osmm..omrs.
& NBSaNp , Enmswp , REJECT , ACCEPT )
45 | .Ir(mm)m

(e NeRgKel

Go back to previous menu level.

o BLSE IP ( ( NBSAMP ( 1 ) .LI. 2)
50 & JOR. ( NBSANP ( 1) .GT. 25 } - ¥’
& LOR., ( NBSAMP ( 2 ) .LT. 1) ) THEN

QOO0

Get user to try again.

[ X2 X ¢)



C CHECK THAT THI S JOB DOESN T ALREADY EXI ST I N DATA BASE 25 C C
| F(. NOT . KEYBOARD. AND. . NOT. MENU) THEN C

| OPEN CALL CI G OPEN FI LE (JOBUNI TNUVBER, | unit nunmber USERI NP, *
| user file & 90 . : } status-old O,
access-sequential O, 1 lcarri age-list &
, | default flle name 35 : & ‘. amp',
| default file ext & _ EDIT FI LE | filespec
opened & CALL. DISQH%SE%_{ ﬁﬁ’ﬁS)’ &€ 40 L | F
(DI RECTORY) GJTO 1000 (ERR&Q“ TAT BN C-C=- *- - - CONDI TION
Pl CKED UP AN ERROR DU ODEN C 45 CALL FORCERESP(0,0) TF
(GC(1) .EQO) RETURN GO TQ, 1000 END |  BRACK * CHAR
POSI Tl ON %?l TFILE 1) $0 90 A9 qext "aet level o nn posi T ON (EDI T FILE,.
'>)+ 1 START. (BRACK, CARAT) DOT = CHAR POSI TI ON
(EDT FILE, '.") - ﬁEDE%F%C@Ef ( START: DAQT) - 75 C CALL-.
CHECKJ @SWM( JOB %E F(ERROR) THEN ' o
10 ¢ Get user to select an entity for Statistical
c ' Process Control analysis. _
c .
CALL PICK ONE ENTITY ( ENTYPB ' PICHSG mm '
& REJECT ,"ACCEPT ) . ... . ....: ,
1s ¢ _ ) -
c Set flags- for turther ptocéssing;-ba_sqd on user’s response.\o/
C .
' IF ( REBJECT .OR. Acczrr ) ramx
. BLSE .
20 ~ END IF
ELSE
C The user has entered boundary conditions and selected
c an entity for Statistical Process Control analysis, so
3 ¢ do the necessary'calcuhtions and display the results.
p .
- CALL SPC. CALCULATIONS ( USRINP , NBSAMP , ENTPIR ,
& - ENTYPE )
c . L -
30 ¢ Go back to prevlou's menu level and see if user vants rt
C ‘to do the analysis again for another enttty. '
c L . . .
END IP
END DO

35 END - h . v/



END IF 5 : ELSE END I F | F(1 NSPECT PRESENT) THEN C C AN
| NSPECTI ON WAS REQUESTED IN JOB 10 C CALL JUWPCOVON(1) CALL ALPHAOFF 2000
CONTI NUE CALL GETFI LES(PDQLEVEL+1, . FALSE. , . TRUE. , FI RSTTI NE, 15 &
ERRO? TERM TALL) | F(ERROR. OR TERM TALL) THEN/ OSE (UNIT = NSUNIT) CLOSE
(UNIT = NCUNIT) END I F 20 END I F I F(. . KYBOARD. AND. . NOT. NENU)
THEN END | F END OF JOB. FALSE. 25 C C SET CURVE FONT, VEI GHT AND COLOR C
CC30 C Create dcs called RUNJOB on top of currently active DCS C
CALL Cl G CHECK DCS NANUBROUTIREPTOLANKLYSTE, JOB DCS PTR) | F(. NOT. EXI ST THEN
ELSE 35 C C Al'ready exists: C |F(CHECK DCS PTR._EQ JOB..DCS PTR)
THEN C 40 C _ _Purposaur Thix i m Idtevdx:sfors‘tdlleedﬁﬁ Ehsz@s.

]

Begin execution

Present the Tolerance Anaiysis meny: to: the user, and
. perform the requested function, until the user says he

is finished.

GOTO (1000), GET cmcos(z)'
-~ DO VHILE (.NOT. TERHINATE)
15 . , CALL ‘CIG_ENTR_CHOICE (PRIHARY,uHENLINBS, -MENU, . RBSPONSB,
& | ns.xsc'r, Acczrr)

IF (REJBCT +OR. ACCEPT) THBN

SN O T e B

é k"'\ . .

O 00000600

Ve’re finished here - return t; lain CIC menu

- .,.. ,{: s qn’{u— = s oeny

" BLSE IF (RESPONSE .EQ. 1) THEN

20

. . - . ":ﬁi-i?a"f .
25 Ploating Fastener Analysis ,.;:-
ELSE IF (RESPONSE .EQ. 2) THEN

30 . Fixed Pastener Analysis .

P e . e e e e SN N
QA“I a e ® _.:.—.---_:-:‘f-} [A ] RS

BLSB

Q0O 00O OO0 aaaa a

35

_'cAu. SET cxccou(z.n
“" CONTINUE™

‘CALL VORSTCASE
- mDIP
CEND DO

-y

40

-0



C Currently active dcs is not CIGIOB 45 C CALL CIC DEL ENT
PTR(1,JOB DCS PTR, ERROR) END IF END I F | F(CREAT DCS) THEN 50 C C

Dcs does not exist - create on top of current DCS C CALL C G CRE PT
COORDS(JOB ORI G PT PTRS , ERROR) CALL Cl%xCRE PT COORDS(JOB XAXI S PT .
PTRS( 2) , ERROR) CALL Cl G CRE PT COORDS(JOB YAXI S. PT PTRS(3), ERROR) CALL
Cl G CRE DCS PTR(PT PTRS, 'CIQJO ,JOB DCS PTR ERROR) | F(ERROR) THEN END
IF5CC c del ete points used for decs construction C CALL CI G DEL ENT
PTR( 3, PT PTRS ERROBYBRDMTINEIWORSTTASESTR( JOB 'DCS ‘ERROR) 10 | F( ERRRO
) THEN END IFCEND IF C C get first command in job: 15 C CALL
GETNEXTJOBLI NE( ENDPUr ps@;: FTIHSTds thecgriyer Bax \thel ¥rstCTageNBnglysies AND.

NOT. ERROR)S C ®000 20 ' | F(. NOT. ERROR) THEN C C FI ND

FI RST NON BLANK CHReginvexreewtionDO VHI LE( I 1. LT. LEN( JOBLI NE) - 1 |

Present the Vorst Case Assembly Analysis menu to the user, an¢
perform the requested function, until the user says he U
is finished. o '
GOTO (1000), GET. cmcono)-
| DO VHILE (.NOT. TERMINATE) . |

15 : CALL CIG_ zm CHOICE (PRIMARY, MENLINES, MENU, RESPONSE,
. . & T _' RBJBCT. Accarr) \J

Il' (RBJBCT +OR. ACCEPT) THEN

10

O oonean

20 Ve’re finished here - return to previous menu

ELSE IF (RESPONSE .EQ. 1) THEN

25 Merge in Mating Part
CALL MERGEMATE (PARTMERGED)

ELSE IP (azspousz +BQ. 2) THEN |
Perfors Vorst Case Analysis | | -
CALL SET CIGCON(3,1)

35 g:?.rl.nw“c’fm.rsts (maum:zn) | u

BLSE IF (RESPONSE .EQ. 3) THEMN....:. .

Delete Vorst Case Mdels.: :

30

OO0 O OO0 0000 O

:

40
CALL DEL_VC_MODEL

" BLSE 1F (RESPONSE .BQ. 4) THEN
45 Remove Mating Part
CALL RBHOV!HAT! (PARTHERGSD)
ELSB
50 T '
Reposition mating part (so it’s out of the vay)

_ CALL REPOSNMATE

Q QOO0 O 000 a o006 o



.25 & . AND. JOBLINE(I1:11).EQ"' ') ENDDO C C
DON' T PARSE LI NES WHI CH START W TH A COWENT DELI METER C 30
IF (JOBLINE.NE.' ') THEN I F(JOBLINE(I:1).NE.'1'). THEN. CALL
*LI BSBSTABLI SE( MANDLER) | F(| STAT. EQ 229552} aTHEN CALL

LI BSSI GNAL( XVAL( | STAT)) 35 CALL WAl TRESP (2) ELSE

| F(I| STAT. NE . 196609) THEN C error in parse CALL

WAl TRESP(2) ELSE 1 PA 1F K 40 CALL LI BSREVERT
CALL FDQ NI T(PDOLE§p-pg) CALL. ALPHAO:Fu 1. I\/ENUS O:F CALL JUVPCOMON(1) -1
NORMAL JUMP/ RETURNS TO ANVI L C 45, w3 cnis 2 © " NOW PERFORM THE

REQUESTED OPERATI Q%pC | F(JOBLI NE( 1: 4)) EQ DI SC ) THEN C C

DI SCONNECT THE MACHI NE FROM THE: COVPUFER 50C 4000

CONTI NUE CALE":% .EOPI SCO\INECT ‘MACHI NE( PDGJ_-EVEL+1) ELSE | F( JOBLI NE(1: 4)
EQ'NC P)°T RUN THE REQUESTED NC
TOOL PATE C check fixtures- in current

des C IF(.NOR TIP ?%R%E%E‘P?Lm“

S PURPOSE: TO RUN THE SPECIFIED CGLL!CTIOH OP NC TOOLING AND
INSPECTION OPERAIIONSJ e

BEGIN PROCEDURE L w
IF(PDOCON(PDOLEVEL) .NE.0) m@n -
15 IP(JOBSEVEREERROR) THEN -

MMNW-JUS‘!WINAT!

. CLOSE. (UNIT,.«. NSUNIT)
20 CLOSE (UNIY « HCUNIT)
. Ir
m 1’ fptrwdy . HWR T
GO0 TO (1000, zooo.éooo.sooo.sooo 6000 7ooo,sooo.
& 9000, 10000, 11000, uooo.nooo,uooo,mooo.
& 1sooo.17ooo.1aooo.1sooo.zoooo) mcontmwm)
ggnxgamo

c
10 ¢
c
- C
c

oo

ing tiauzrﬂxt\\tc offse’ts(zhese nlucs anf set by ﬁnual_fixture

oomt e pre €
TR LA

30

gnonn

 CONTINUE . '
"~ IP(CLI Jomuxmsnm THEN, o . s cecaing (iPRT 0
: *?amm T ASTRARATIS Fren. N

nmtsuon-mnimcomm

(
W -
W

OO0

!LS!". ' -
40 DOWIL!(MDOIII) _
Job bdng tun from uia mu nheuon "RUN JOB" .

" fimd -out hov user vants to npcratn

CALL CIG_ENTE CHOICE(PRINARY,NUMEER OF- NENU ITES,
45 & TI?E o7_3o8, RESPORSE, REJECT, OPCONP)
- - IP(REJECT.OR.OPCONP) THEN™
BLSE
IP(RESPONSE.20.1) THEN
50 - . uuusucamur(-mmor.ronrom o
& | - USERINP,OPCOMP,REJECT)
- IF(.NOT.REJECT.AND.USERINP.NE. ' vy
& | THEN

OO0 0



CALL FI XTURES | NTO DCS( 10
PROPE LENGTH, FI XTURE OFFSETS, ERROR) END | F | F(. NOT. ERROR) TN 15 5000
CONTI NUE CALL CI G-RUN NC PATH( PDQ_EVEL+1 & *
ERROR) END I F ELSE 20 5100 _ FORVAT( CALL
FORWRI TE(O, O, O) CALL. WAI TRESP(2) END I F ;§5 C
ELSE | F(JOBLINE(1:4).EQ'NC F) THEN C - . DOM LOAD
THE REQUESTED NC FILE C | F( MACHI N NECTED) THEN C 30 C :
Check fixtures are in the currengy CIF( NOT.TIP. IN. FI XTURE OFFSET)
THEN CALL FI XTURE | NTO DCS( &gLSE 1P(RESPONSE.EQ.2) THEN .
PROPE LENGTH 85 FI XTURE
OFFSETS, EBDgF | F(. NOT. ERRCR) TN 1660Qom keyboard coamand mode
CONTI NNUE 40 ¢ CALL CI'G RUN NC
FILE(PDLEVEL.¢l, ERROR) END |F CALL FORWRI TE(O, 0, 0) 45
CALL WAI TRESKY 2) - ENméﬁuEL%;lﬁ(\}SBmd)ﬁ(l -2).EQ'MJ )THEN C C
Move machine@o requested |ocation: - o

10, . LCALL CIG_( czr PARTNAHE(USERINP)

: - - BLSB ]

c .
c run job fro-' senus
C

15 CALL CIG_GET uxmmz(usmup) | -
| END IF i J
END IF | Rt
END DO
| CALL’ CLRALPHA
20 END IF
1010 FORMAT(80A1)
CALL REMOVE snczswsznm)

25 c CHECK TIIAT ‘ms JoB DOBSN' T A_L_READ! _BXIST IN DATA BASE
c L
o . _
- IF(. NOT.KBYBOARD AND..NO‘I' HBNU) TH!N
C : {OPEN '
CALL CIG_OPEN FILE (JOBUNITNUMBER, ! unit number .
30 3 USERINP, : | user file SR
& 1, ! statuss=old -
. "~ 0, | accessasequential
& 0, { carriageslist
& e .| default file name
35 & ',CJB’, ' ! default file ext W/
& BDIT PILS. 1 filespec opened
& DIRECTORY, I
R . mon STATUS)
40 - . N IF (DIRECTORY) GOTO 1000 _
IF (ERROR_STATUS) THEN
C
c CONDITION PICK!D UP AN mon DURING OPEN
c
45 CALL PORC!R!SP(O 0) .
IP(GC(1).£Q.0) RETURN
. .GO 701000 .
. BND Ir -
c .
50 BRACK = CHAR_POSITION <snrr FILE, ’'}’)
CARAT = CRAR POSITION (EDIT_PILE, *>') » 1
START - ‘s MAX (BRACK, CARAT)

. Dot '-CBARPOSITION (EDIT PILE, ’.’) -1
JOBNAHB . = BDIT_FILE (S‘I.'ART ooT)



50 C | F(MACH NE OONNECTED) THEN CALL JOB MOVE MACHI NE (ERROR) ELSE  CALL
FORVRI TE(0, 0, 0) CALL VAl TRESP( 2) ENDIF C5
ELSE | F(JOBLINE(1:1) .EQ'1') THEN'C C | NSPECT
THE REQUESTED | NSPECTI ON PROCESS C | F( MACHI N CONNECTED) THEN 10
| F(. NOT. DELETED MEASURED DATA) THEN CALL DELMDATA(DUMMY, .TRUE.) END IF
| F(. NOT. GOT FILES) THEN CALL JUMPCOMON(1) 15 |
CALL ALPHAOFF 20Q$0 . -CONTI NUE CALL
GETFI LES( PDQLEVEL +1. FALSEcAL 2

SR A mﬂm“ %@-{%'%" RO 1) eno

| F(ERROR. OR. TERM TALL) THERKERROR)- THENI T a NSUNI T
IF END | F 25 END IF ~ I F(.NOT. ERROR) THEN 7000

CONTI NUE CALL I G RUN | IBEBECTI ON( PDC]_EVEL+1 , CURRENT CLUSTER CLUSTER
CAL|I BRATI ON TABLE, & 3END IP -
FI XTURE OFFSETS, TI P, IF(INSPECT PRBSENT) THEN

c

. C AN INSPBCTION VAS nzounsrzn IN JOB
;ﬁ; 10 ¢ o
. CALL JUMPCOMON(1)
CALL ALPHAOFP
2000 CONTINUB
CALL G:TPILBS(PDQL!V!L»I..PALSB...TRUE.,?IRSTTIHE.
15 & ERROR TRRHI‘!‘ALL)
. IF(ERROR. on.ranITALL) THEN ~ .
W CLOSE (UNIT = MSUNIT)
CLOSE (UNIT = NCUNIT)
END 1P
20 END IF
. IP(.NOT.KEYBOARD. AND..NOT HBNU) TEBN
END IP
" nun_pr_;oa..rALsz._n
- SET CURVE PONT,VEBIGHT AND COLOR

. 30 Create dés eailed RUNJOB -on top of eurrently active DCS
\,g CALL CIG CHECK DCS NAHB('CIGJOI'.!XIST JOB_DCS PTR)

: ' Iuﬂmlnﬂ)mm :

sws :

o000 o

35 - |
Already cxistsz o
I!’(CI!ECK DCS_ m EQ. JOB DCS P'I'R) ‘I'I!EN
40 Currently_activg;dcs is CIGJOB
ELSE . . | _
“ Cutrin:ly'aeiivdldcs'is not CIGJOB

. CALL CIG DBL BNT PTR(I JOB ncs PIR, BRROR)

END IF
END IP
IP(CR!AIB DCS) 1828 | .

' Dcs does-not exist - create on top of current DCS

CALL CIG_CRE_PT_COORDS(JOB_ORIG, PT_PTRS,ERROR)
CALL CIG_CRE_PT _COORDS(JOB_ XAXIS T ?!RS(!) ERROR)

45

000 000 ooa

.50

ana



& : TIP IN FI XTURE  OFFSET, 35
ELSE CALL FORVRI TE(O 0,0) CALL WAI TRESP(2) END | F ELSE

| F(JCBLI NE( 1: 2) EQ ' AN ) THEN 40 C C - PERFORM
THE ANALYSI S OF THE PART C 8000 '7() . ' CONTI NUE CALL C G
PERFORM ANALYSI S( PDQ_EVEL+1) 45 - ' ELSE

| F(JOBLINE (1:2).EQ'AT') THEN C C . CONNECT TO
THE SPECI El ED MA 9000 NUE 50 )
CAL O G CONEST ﬁg. o ey %ﬁ%@ﬁ@% THEN
cC SS C

| F(MACHI NE CO\INEW&EMLL JOB CLUSTER CALI BRATI ON( &

CURRENE g_USTER _ CLUSTER CALI BRATI ON
TABLE, & E OFFSETS ,TIP &
PROBE LENGTH, & XTURE O:FSET &

FGRURI TE(0,0. 0 cxfﬁﬁsmw zz-gmgm;m. 0 B o) Gen

dghu points used foz des cmﬁﬁﬁ#g

10 IP(ERROR) THEN
. END IF '
' END IF
o ' -
- C get first command in job: _
1S € ; -
CALL csmmmonunz(m (") 4 JOI PIRSTCALL,BRROR) o’
DO VHILE(.NOT.END_OF_ Jos. Aﬁn..m mton) - _
C _ .
20 zr(mmn)'rm
c o '
~ 7IND rns'r NON BLANK cau m LINE
o4
’ DO VHILR(II.LT.LEN(JOBLINE)-1
25 & .A_ND._JOBI._IM(II:II).RQ.' ‘)
' . BND DO ' '
c
c DON’T PARSE x.ms VHICH STAR‘I' VITE A COMMENT DELIHBT!R
C B , i
30 _ L II(JOILIH!.II.' *) THEN ’ -
: IP(JOBLINR(1:1).NE.’1") THEN =
" CALL unsxsruummmm) _
- IP(ISTAT.2Q.229552) THEN ' _ _ _
- CALL mssxmam.asun) - o
35 S i CALL VAITRES(Z) -
oo : : BLSE I!(Iﬁlt.ﬂ.l%m) 'rm '
c . error in parse
: . : © . - CALL VAITRESP(2)
S - ILSI IPARSE OK
40 - o - CALL LIBSRRVERT
C '  CALL POQINIT(PDOLRVEL+1)
CALL ALPHAOPF INENUS OPP
c ~ CALL JUMPCOMON(1) INORMAL JUMP/RETURNS TO ANVIL
453 - NOV PERPORN TEE REQUESTED OPERATION
c I!(JOILINB(I:&) m.'DISC') THEN
502 : _ nxscomcr THE mcam non THE COHPUTZR
4000 " CONTINUE

CALL CIC ntscozmcr ucammnouvzx..n
ELSE xr(.roil.mu 4). !o *NC_P’) THEN

Q



15 C " ORI ENT THE PART TO THE MACHI NE | F
( HACHI NE CONNECTED) THEN C | F(. NOT. DELETED MEASURED DATA) THEN 20
CALL DELMDATA( DUMMWY. TRUE.) END | F 10000

"CONTI NUE CALL Cl G ORI ENT PROCESS( PDQ_EVEL+“{ &

CURRENT CLUSTER, 25 & o CLUSTER
CALI BRATI ON TABLE, & FI XTURE OFFSETS, TI P,
& o - PRROE Ml\ﬁ’dﬁas@u NC TOOL PATH

TIP IN FI XTURE OFFSET, JOB DCS PTR. .30
ERROR) ELSE CALL FORVRI TE(O O O - CALIP{MNCERMSRONNECYED) THEN> C ELSE

| F(JOBLI NE(1€2).EQ.' OP') THEN C C PAUSE FOR
OPERATOR X.€40 11000 ~ check fiEANtddEnCAidrent GENUSE FOR
OP OK(PDQLEVEL+l) ELSE IF(JOBLI NE( 1: |) EQ'V) THEN C 45 C .
CHANGE VI EWs C 12000 IP(.NUNTIRLIN EZXTUKE orumGE
VI EWS( PDOLEVEL+1)& C ELSE IF(JCBLI NE(1: 2). EQTHRY' ) THEN 50 ¢ €
REPAI.NT 'EHE SCREEN C - CALL FIXTURES INTO DCS(
Y . - - PROBE_LENGTH,
= & . : PIXTURE_OPPSETS,
& ERROR) ,
L S END IF
: _ IF(.NOT.ERROR) THEN
15 5000 | CONTINUR
- . S : CALL CIG_RUN_NC_PATE(PDQLEVEL+1,
U & ERROR)
o _ END 1P
' - : _ BLSE
20 5100 . E ' . PORMAT(

CALL mmn(o,o 0)
CALL ‘UAI‘I'IISP(Z)
END IP
ELSE I!(JOII.IR!_(I:‘).!O.' NC_P’) THEN

25 ¢ _ _
¢ DOVN LOAD THE REQUESTED NC PILE
. IP(MACHINE_CONNECTZD) THEN |
30 g = o | Check fixtures are in the current DCS
N Lo I7(.NGT.TIP IN FIXTURE_OPFSET) TEHEN
| R - CALL PIXTURES INTO DCS(
& pRoss LencTH,
35 : rixruke 0"38'1'3.
o/ . _ ERROR)
~ END IP
IF(.NOT.ERROR) THEN
40 CALL Cl1G ] RIM NC_FILE(PDQLEVEL.1,
: zu.on
END 1P
.. .- . . - " CALL TORVRITE(0,0,0)
45 S L CALL VAITRESP(2)
a END IP? ' -
c - BLSB TP(JOBLINE(1:2). !0.’!!0') THEN |
<0 g !love uelum to requested loeation.
3 .

I!’(HACIINI CORNECTED) THEN
'CALL JOB_MOVE_MACBINE(ERROR)
BLSE :



§

13000 ~ CONTI NUE CALL Cl G REPAI NT SCREEN( PDQLVEL+, 1)
- ELSE IF(JOBLINE(1:1).EQ'U) THENC5 C

UNBLANK A LEVEL C 14000 CONTI NUE CALL Cl G UNBLANK *
LEVEL( PDQLEVEL+1) ELSE I'F(JOBLINE(1:1)78Q ' B') THEN C .
BLANK A LEVEL C 15000 CONTI NUE CALL O G BLANK -
LEVEL( PDQLEVEL+1) ELSE | F(JOBLINE(1:1).EQ'E') THEN C

EXIT.TH S SESSI ON C 16000 - CALL FORVRITECONGJOYUE 20

| F(DI SPLAY JOB) THEN CALL FORVRI TE( O, OcA)L @ALTRES#R](200) ELSE CALL O G
JOB EXI T(PDQLEVEL+1) 25 END IF END OF

JOB-TRUE. &END | F ELSE | F(JOBLI NEl 1) EQ'P') THEN C C
PAUSE FBR A SPECI FI ED AMOUNT: OF T !BELIGWDBLINB(I 1).EQ.'1') THEN CONTI NUE
CALL Cl GC PAUSE( PDQLEVEL+1) ELSE I'F(JOBLINE(1:4).EQ'DISA') THEN C 35 C
DI SARM THE PROBE C | F( MACH NE CONNE(INSPECT FTHE mms'rsn INSPECTION PROCESS
CONTI NUE GALL Cl G DI SARM PROSE( PDQLEVEL) 40
ELSE R IP(MACRBINE CONNECTED) THEN u’
10 - o IP(.NOT.DELETED MEASURED DATA) THEN
: _ CALL DELMDATA(DUMMY, TRUE.)
END IP
IF(.NOT.GOT PILES) THEN
o . CALL JUMPCOMON(1)
15 L CALL ALPHAOPY
20000 _ : : . CONTINUE
o . o CALL GBTPILBS(PDQLMMI,.PALSB..
& - : ’ .TRU!. ’mug
& ' ERROR, TERMITALL)
20 o : IF(ERROR.OR.TERMITALL) THEN
' . ' CLOSE (UNIT = MSUNIT) .
CLOSE (UNIT = NCUNIT) .
END IF -
o END I?F
Pt : h - IP(.NOT.ERROR) THEN

7000
CALL CIG RUN msncrzou(mmvxul.
“CURKENT CLUSTER,

CLUSTER _CALIBRATION TABLE, -
PIXTURR OPFPSETS,TIP, )
PROBE -
TI? IR PIXTURE _OPPSET,
ERROR) ™

END 1P

33 . o , ELSE -

L CALL PORVRITE(0,0,0)
. CALL VAITRESP(2)

END 17

30

Lol ol ol ol

o c _ BLSE IP(JOBLINE(1:2).EQ.’AN’) THEN
| S RS " PERPORM THE ANALYSIS OF THE PART
8000 .  CONTINUR
o - CALL CIG PERPORM ANALYSIS(PDQLEVEL+1)
45 ¢ | . BLSE IF(JOBLINE(1:7).30Q.'AT’) THEN
g o - comcr TO THE SPECIFIED MACHINE
9000 - | . CONTINUE. |
so. | - ' CALL CIG_CONNECT mcamcmuvzm)

 BLSB IP(JOBLINE(1:7).BQ.°CA’) THEN
'RUN THE CLUSTER CALIBRATION PROCESS:

a0n



TALL FORVRI TE(0,.0,0) CALL VAI TRESP(2) END IF C .45

ELSE I F (JOBLINE(1:2).EQ'MA) THEN C C - PERFORM
MANUAL FI XTURE C | F(MACHI NE CONNECTED) THEN 50 19000 |
'CONTI NUE CALL CI'G  MANUAL Fl XTURE( PDQLEVEL+Y9 FI XTURE OFFSETS, TIP , PROBE

LENGTH, ERROR -~ C C ] : set flag to |nd|cate
that the tip C _ used in the fixture of fset
has C not mmmngwmmmm fTHEN C

fixture offsets C ELSE CALL FORVRI.TE(Q, O O) CPALL V@8 m&ﬂmm'zou(

END | F ELSE | F (JO LENE(1: 2). EQ CO) THEN C C _CLUSTER,

CHANGE COORDI NATES Ci15 cwsm_ LEBRATIONLTABLE,

DCS(JOB DCS PIR, ERRQJR) - ELSE | F(JOBLINE(1:2).EQ "' T@ Fﬂﬁgﬂ?@s ,TIP,
DOWN LOAD TOOL TABLES 20 C IF (MACHI NE CONNECTED
i t .( . . ) TIP_ Iﬂ FIXTURE orrsz'r.

: & . ERROR)
, L - L ELSE
i;;; - 100 ‘CALL PORVRITE(0,0,0)
il - ; CALL VAITRESP(2)
: -END IP

. BLSE IP(JOBLINE(1:2).EQ.’OR‘) THEN |
ORIENT THE PART TO THE MACHINE
IF (MACHINE_CONNECTED) THEN

e IF(.NOT.DELETED MEASURED mm) THEN
20 - o CALL DELMDATA(DUMMY, . TRUE.)
S END I?
10000 : . CONTINUE
- : : CALL CIG ORIENT PROCESS(PDQLEVEL+1,

CURRENT_CLUSTER,
CLUSTER_CALIBRATION TABLE,
PIXTURE OFFSETS,TIP,
PROBE LENCTH,
TIP_IN FIXTURE_OFPFSET,

5 JOB_DCS_PTR,

0

| S ERROR) ~
N . ns
_ S . - CALL PORVRITE(0,0,0)

- CALL VAITRESP(2)
umlr

.. BLSE IP(JOBLINE(1:2).EQ.’OP’) THEN

15

aQ aadgn

25

Y X R X X X,

35

PAUSE FOR OPERATOR OK.

S CALL CIG_PAUSE_POR_OP_OK(PDQLEVEL+1)

ELSE IP(JOBLINE(1:1).5Q. V') THEN
" CHANGE VIEVS

2000 7 conrinue |
. CALL CIG_CHANGE_VIEVS(PDQLEVEL+1)

" BLSE IP(JOBLINE(1:2).EQ."RE’) THEN
REPAINT THE SCREEN

40

45

aaa o =aant o =aoa o



CALL CI G DOMN LOAD TOOL TABLES CALL FORWRI TE(O, 0,0) 25

 CALL WAI TRESP(2) C ELSE | F(JOBLINE(1:1) EQ'S ) THEN 30 C
| STAT. EQ . CLI S. NEGATED) THEN END | F CALL CLUSTER

SPAWN A COMMVAND C | F(
VALUE (' COVMAND ',

COMMAND )

| F(1 STAT. EQ 261401) THEN C C

AN OQUTPUT FI LE
VALUE(" QUTPUT

ELSE | F(1 STAT .. EQ 261401) THEN C
SPECI FI ED AN QJTPUT FIL

| F
THE 30B C
C
C .
OUTPUT: FI LE
SPAVWN W T4

15

20

c
14000
EQ) 5
N@ | NPUT
P .
c -
15000

:QGO

25

30

35

40

45

50

o060 o

19000

ree

INPUT FILE ) CC

| F(I STAT. EQ &5 NEGATED) THEN ELSE

USU SPECI FI ED

CALL CLI SGT

kﬁ‘@) QUTPUT I LE) | F(| COMIING® CLI S NEGATED) THEN 45 C
CALL CIG_REPAINT SCREEN
E C CALL CLI SGERLSRLARKgOBDINET1T).EY. " ’(';"’ %:g“,}i +)

SPAWN

NCORBLANK AOBKBE SPECI FI ED. THEN THE

AST COMPLETI ON ROUTI NE CALLED SPAWN HANDLER
GETS CALLESONTINUR | NPUT FILE. EQ' ' . AND.
- CALL CIG UNBLAMK-LEVEL{PDQLRVEL.1)

‘OR QUTPUT FI LES CELSE TP(JOBLINE(1:1).20.’8) THEN

BLANK A LEVEL

CONTINUE

CALL CIG BLANK LEVEL(PDQLE
ELSE IP(JOBLINE(I: 1).86.92' )Y;BLER})

EXIT TBIS SESSION

CONTINUE
IP(DISPLAY
CALL

JO!:) THEN

FORVRITE(0,0,0)

CALL CVAIT(200)
ELSB

CALL CIG_JOB BXIT(P .
mn_or_:ﬁn..rxuz.( mumz)

END IF
ELSE IP(JOBLI

NE(1:1).EQ.’P’) THEN

PAUSE FPOR A SPECIPIED AHOUNT OF TIME

CONTINUE

CALL CIG PAUSE(PDQLEVEL.1)

BLSE IPr(JOBLI
DISARM THE

IP(MACHINE
CONTI
CALL CI

ELSE
CALL PO
CALL VA

END IF

NG

NE(1:4).2Q.’DISA’) THEN
PROBE

CONNECTED) THEN
G_DISARM_PROBE(PDQLEVEL)

RVRITE(0,0,0)
ITRESP(2)

* BLSE IF (JOBLINE(1:2).EQ.’MA’) THEN
 PERPORM MANUAL PIXTURE

. IF(MACRINE

CONTINUER

CALL CI

CONNECTED) THEN

G_MANUAL PIXTURE(PDQLEVEL.1,
PIXTURE OPPSETS,TIP,
PROBE LENGTH,
ERROR)

-/



ELSE IF(INPUT FILE.EQ' ') THEN 10 CC

ELSE | F I NPUT FILE NULL, THEN SPAVN C W TH-
JUST QUTPUT FILE C ELSE 15 CC ELSE BOTH
'PRESENT C END | F | F(| STAT. NE. SS$ NO?I\/AL)g'IiHEN 20 CC

COULDN' T SPAWN - STOP THE JOB C 20100 _

FORMAT(' Your sub-process could not/', CALL LIBSESTABLI SB (HANDLER) 25

CALL LI BSSI@\NAL(I VAL(I STAT)) CALL LI BSREVERT CALL FORCERESP(0,0) C 30 C. C.

VAIT A SECOND FOR ANY QUTPUT THAT MAY BE¢FefydChbLiddval

F“I) £ 35 C
THI S. SHOULD @E | MPCSSI BLE C 16100 “s‘d in the tixtuggéﬁﬁ-{ has é
' UNRECOGNI ZE® COMVAND | N JOB: /' 40 t been figured into the

FORMAT(O, & GF CALL WAl TRESP(2) END IF END ﬁlitg.‘t‘l%ﬂ ats -
END | F END | € | F(JOBSEVERROR) THEN 50 REYBOARD. OR. MENU) THEN

ELSE
| CALL PORVRITE(0,0,0)
' CALL VAITRESP(2)
s 10 ' END I7
' ELSE Ir (JOBLINE(1:2). 20-'c0') THEN

CEANGE COORDINATES

15 ~ CALL CIG_CBANGE_DCS(JOB_DCS_PTR,
_ & D ERROR)
W, |  BLSE IP(JOBLINE(1:2).20.'T0’) TEEN

DOVN LOAD TOOL TABLES

IF(MACEINE COMNECTED) THEN
- _ CALL CIG_DOVN_LOAD_TOOL_TABLES
| S . © . CALL PORVRITE(0,0,0)
25 . ST 'CALL VAITRESP(2)
DD Ir

BLSE IF(JOBLINE(1:1).2Q.’S’) THEN
SPAVN A COKMAND

| xr(xgn.n .CLIS_NEGATED) THEN
o - : " CALL CLISGET VALUE(’CONMAND’ D", COMUAND)
35 | TP(ISTAT.EQ.CLIS NEGATED) THEN
~ .. ©usE IP(ISTAT.EQ.261401) TEEN

QOO

(t Xz Xy)

20

[ ¥
_ o
OO0 O

: '\!Sll SPECIFIED AN OUTPUT PILE

40 L S eaw cusctr _VALUB(*OUTPUT_PILE’,
S - o OUTPUT PILE)
. END 1P T _
IP(ISTAT.RQ.CLIS NEGATED) THEN
n.s: INISTAT.R0.261401) TEEN

usn SPECITIED AN O!I'!!IR rnw

| | CALL CLISGET m.uz('mm rILE’,
& - : | o - INPUTCFILE)
50 | - END IF

' SPAVN. THE JoB |
NOTE: IF NOVAIT SPECIPIED., THEN THE
AST CONPLETION ROUTINE CALLED SPAVN_HANDLER

aaa

45

(2N s X2

0000



- - /
CcC | F KEYBOARD | NPUT, THEN RESET TO NO ERROR CONDI TION SO C

ADDI TI ONAL COMVANDS MAY STILL BE I NPUT C END | F | F(. NOT. ERROR) THEN CALL
GETNEXTJOBLI NE( END OF JOB, FI RSTCALL, ERROR) END I F 5 2
| FCJOBNAME. EQ ' MENU . AND. END OF JOB) THEN GOTO 1000 |1 GO BACK 1 MENU LEVEL
END IF C C Check that the er didnot try to change des: 10 C

| F(. NOT. ERROR. AND. . NOT. END OF JOB) - THEN | F(CHECK DCS PTR. NE. JOB DCS PTR)
THEN C C ' Job dcs vas changed in mddle of run: 15 C CALL

Cl G ACT, PTR(JOB DCS PTR, ERRO?) 20 END DO | F( MACHI NE

CONNCTERD) C C NACHINEV\A D-DISCO\INECTITZS C

| F(LASTMACHI NE TYPE. NE. 0)- THEN. CIPQINPUT FI NECT DEA ONLY | F NO
ERRORS WEREgDETECTED C 30 Fﬁk% I'NE TYPE EQ DEA MACHI NE

TYPESAND. .& NOT. UROR) THEN CALL WECF MACH( LASTMACHI NE TYPE, TRUE., &
. TRUE. ,©) END | F -
SPAW VITE NO INPUT OR OUTPUT FILES

' ELSE IPCINPUT_FILE.RQ.’ ‘) TEEN Nt

ELSE IF INPUT PILE NULL, THEN SPAVN
'VITE JUST OUTPUT FILE

|  ELSE BoTE mRESENT | Y,
- mo 1
IP(ISTAT.NE.SSS_NORMAL) THEN |
COULDN'T SPAVN - STOP THE Job 5

10

15

OO0 0000 00

20

e
8

_ PORMAT(’ Your :ub-proccss could not/'
-~ .- CALL LIBSEBSTABLISE(BANDLER)
25 : T CALL LIBSSIGMAL(IVAL(ISTAT))
CALL. LIBSREVERT
CALL PORCERESP(0,0)

“ gLse .
VAIT A SZCOND POR ANY OUTPUT TEAT MAY BE Of

. GALL CVAIT(200)"
. pmorr - - .

| THIS SEOULD BE INPOSSIBLE

6100 -~ . PORMAT('UNRECOGNIZED COMMAND IN JOB:/‘,
0 S | CALL PORVRITE(O,0,0)
. S CALL WATTRESY(2)
‘o 17
BOI?

45 " Do
. poI
. moI>.
" IP(JOBSEVEREERROR) TEEN
- BDIr

50 o Ir(nnom on.mu)

IF KEYBOARD INPUT, THEN R!S!T T0 NO mon CONDITION SO
ADDmOML colnmms MAY S‘!ILL 32 INPUT

30

OO0 O

0o

aoO0Ooaon




35 | F(LASTMACHI NE TYPE. NE. DEA MACHI NE TYPE) THEN CALL

DI SCONNECTMACH( LASTMACHI NE  TYPE, . TRUE, & .TRUE. ,0) END I F 40
END IF CC reactivate original des befOﬁsenteri ng this routine: C
1F(ORI G DCS PTR NE. 0) THEN 45 ' Cl G ACTDCSPTR( ORI G DCS

PTR, ERROR) CALL CI G DEL ENT PTR(1,JOB DCS PTR ERROR) END Al t hough the
best node cont enpl at ed for carrying out the present invention has
been herein shown and &NOcEPbed, it will be - apparent t hat

nodi fication and var i ¥(i. NOT.ERROR) THEN nmde w thout 5 departing from
what is -regarded to . be Cald GEINEXTJOBLINE(END OF J0B; PIRSTCALLERROR)S: sib
. CLAIMB 1. = A method of iBNPeERi gating tol erance call-outs on mating parts
wherei n desi gh and t ol er AFEJORNAME. QG MENW .AND; END OB JOB)i THER/ai | abl e in
menory, conprising the stepsGOX0 100G i160; BACK: h MENMJsLEVELand t ol er ance data
relating to the mating p I?romthe mermory; conparing the design and
tol erance data- rQapresent ve of each part, for conpatibility with the

desi-gn and tol e %nce dat F t%‘cm‘r Eéﬁ)ﬂdﬂn%ﬁ'miﬂn@ ﬁ&!‘!ﬂ 488 i ndi cating

thesegsul ts ¥ e corrpa;ljfg f_C er ein the

tol erance data include d ﬁ conpr|5|ng t he
steps of deter n’idﬂ ng if ther ﬁ-s cal | -

' c ~ Job des vas changed in liddh of run: |

15 ¢

| CALL CIG_ACTDCSPTR(JOB_DCS_PTR,ERROR)

W . END IF
END IF

20 END DO
IP(MCHINB CONNECTED)
& THEN

~ MACHINE VAS CONNECTED - DISCONNECT IT
IP(LASTMACHINE_TYPE.NE.O) THEN
DISCONNECT DEA ONLY IF NO BRRORS VERE DETECTED

30 IP(LASTMACHINE TYPE.EQ.DEA_MACEINE_TYPE.AND.
. & «NOT.ERROR) "THEN
— ~ CALL oxscmma(umcum TYPE, .nur...
’ ‘ - -TRU!- '°)
_ BND IP
35 , - IP(LASTMACHINE rm NE.DEA MACEINE TYPE) THEN
U . CALL o:scoﬂucmcnmSmcum TYPE, .TRUE.,
R & .TRUE.,0)
o o . END 1P -
_ ... 'END IP
40 . ENDIF

. tuettiitc iulgiml dcs before entering this routine:

IP(ORIG DCS PTR.NE.0) THEN
45 CALL CIC_ACTDCSPTR(ORIG_DCS PTR, mon
: CALL CIG_ n:x. ENT_PTR(1,J0B_bCS m.mon)
e
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outs in the tolerance data for the mating parts; and, indicating
alternatively no inconsistency if there is none and a | ocation of such
i nconsistency if some exists. 3. The nethod of claim1 or 2 conprising
the step of investigating the worst ca®HNtol erance conditions for mat.eri al
interference between mating parts; and indicating alternatively no
interference where none exists and a | ocation of interference where sone
exi sts. 4. The met hogd % ?E%ﬁln{geanﬂeéer dedb&e M -ncagtempiabtede clPF-outs
for fixed and floating 'Tas er feature pa C i he
further stepscatryéngctPif athastgﬁéﬁe“ ﬁﬁgPLﬁgnthéggos??Pénﬁggglh art
}Nher e\/\;]hehf aﬁgﬁ &h lanaol Besustbed, (HES.I gwaﬂ.ilng bre déﬂ?#ﬁeaﬁ th& Bé'rrtl

ro ich the tastener. | ocatiqns enc RCt Wighdultoo
for?’%nrnng mﬁélﬁéFFtFBQturéggt ?égé%gég &3 tenggs &Qgg nlnln% t he
part featurq;ggghguqhgnqrmmnlwhat5|zs CGRSBGéﬁﬂngtPhebﬁool SBRICEH ect ed
fastener; and |spla q@W 5%3 B95|t|on tol erance for the fastener part
features. a|n1 Wwherein the fastener is a floating
_ fastener and MME smmp of dlsplaylng conprises the step of showing a tru
position tol erance zone of zero di aneter at naxinmum material conditions. 6.
The nethod of claim4 wherein the fastener is a fixed fastener and wherein
the part feature in a floating part is a clearance hole, conprising the
steps of determining the thickness of the floating part; and, reducing the
cl earance hol e.negative tolerance in accordance with such thlckness 7. A
met hod of investigating tol erance call-outs on natlng parts as cl ai ned |Q_,
cla|n11 and substantially as descri bed :



With reference to the dr awi ngs.
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A method of investigating tolerance call-outs on mating

parts wherein design and tolerance data for the mating parts

is available in memory, comprising the steps'of

”

‘retrieving  the design and tolerance data relating to the

mating parts from the memory;

comparing the design and tolerance data representative of
each part for compatibility with the design and tolerance
data of'the corresponding mating part; and, |

indicating the results of the comparison.

The method of claim 2 wherein the tolerance data include

datums on each of the mating parts, comprising the steps of

2.
4
o 3.
o/

determining if there is inconsistency in the datum call-

~ outs in the tolerance data for the mating parts:
and,

indicating alternatively no inconsistency if there is

none and a location of.such inconsistency if some exists.

The method of claim 1 or 2 comprising the step of

investigating the worst case tolerance conditions for material

-interfé:ence”.between- mating parts; and indicating

__alte:natiVely no interference where none exists and a location

of_intérferencé where some exists. . -

4.

The method of claim 1 and for determining tolerance

call-outs for fixed and floating fastener features on mating

parts comprising the further steps.df

selecting a fastener;
designating the position on a part where the fastener is
to be used:
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designating the datums on the part’ from which the
fastener locations are to: be referenced:

‘'selecting a tool for :forming the part features to receive
the fasteners;

determining the part feature maximum and minimum Sizeﬁj
considering the tcol and the selected fastener; and,
displaying the:true position tolerance for the fastener
part features. . : .

5. The method of claim 4 wherein the fastener is a floating
fastener and the step of displaying comprises the.step°of
showing a true p051tion tolerance zone ‘of zero diameter at

maximum material conditions. -_= : | e

6. The method of claim 4 wherein the fastener is a: fixed
fastener and wherein the part feature in a floating part is a
clearance hole, comprising the steps of
determining the thickness of tne floating part; and, bl
reducing the clearance hole negative tolerance in

accordance with such thickness. = = - ' ' R

7. . A method of investigating tolerance call-outs on mating
- parts as claimed in claim 1 and- substantially as described
with reference to the drawings..




