1 COMPUTER | NTEGRATED GAG NG SYSTEM This invention relates to 5r1-i\ns é’é%rk\o—l
tool and a nethod for inspecting nechanical parts and nore particularly, t?n
such a tool or method which utilizes part design data to construct data
representative of an inspection gage, and inspection data to construct a
nodel of the inspected part for conparison With the gage. According to the
present invention, a nethod of analysing data relating to a physical part
havi ng known design features and using a conputer coupled to a

mul tidi nensional Iy novabl e position measuring apparatus for deternining t he
position.of physical features of the part conprlses the steps of:
constructing data representQNMPYE g A penyt iGAe THeX ppM sai d known

desi gn features; nmeasuring t he p03|t|ons of corresponding physical features
of the part to obt ai n neasur ed part data; and, conparing the inspection
gage data with the nmeasured part data. Also in accordance with the present

i nvention, appar Zhds fioventipecrielatesheiaml imspection nfosboand a method
di mensi onal features and tol erance call-outs conprises: - 2 means for
construct i n§OF ADEPPELARGsMSFRANISAY Rerts andere dpagbiculsriy,t ke sach
di rensi onal features and _tol erance call-outs; neans for neasuring the part
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t her eof ; for _constructin nmul t,i di nensj onal nodel of ,the inspected "
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According to thé present invention, a method of analysing
data relating to a phfsical part haﬁing known design features .
and using a computer coupled to a multidimensionally movable
position measuring apparatus for determining the positioh of
physical features of the part comprises the steps of:-

constructing data representative of an inspection gage .

(
using said known design features:
measuring the positions of corresponding physical
“ features of the part to obtain measured part data; and, {

comparing the inspection gage data with the measured part
data.

. Also in accordance with the present invention, apparatus

for inépecting a'physical part having known dimensional

features and tolerance call-outs comprises:-



parts wherein design and tol erance data for the mating parts is avail able
in menory is described and clainmed in our co- pending application No.
90Q7381.8. A conmputer controlled display for inspection and anal ysis of
predeterm ned part features on a nanufacture% part coupled to CAD and

tol erance data for the manufactured part is described and clainmed in our
co- pendi ng application No. 9007382.6. The above and other features of the

present invention are iIIustrated, by way of exanple, in the draw ngs
wher ei n: - Fi gure is a block diagran1 ~showi ng the conponent
parts of the systen1of t%P resen enti on. gure 2is,a flow dlagram
relating to the B®8Bfp °°?% EBF agﬁﬂ# 4dinensipnal mogel of an

present invention. a_per pectlve Vi e f. a mgdel _of_a

manuf act ur ed partlﬁ%ﬂ g% Bge Mﬁi&& _ r%l%é %rﬂ@ﬁﬁ?%ﬁﬁ apd
Fi gure i's [ an |nspect|on gage
cogstructed throdaﬁféfﬂﬁgéuégll ¥ﬁ€%% present I nvention. Figure 5is a

di agram showi ng i [ u ' S ,
nvent i on. 15 0 BEEES RO RabARGEIG Sth pBRe BERtLPel o DBE  Ebpertad and

of Figure 4. FigureofBpiévidPhgninssect Pbn aQEa i‘@ﬁf‘éé‘éﬁﬂ£€§v8atﬁef’£of"gure

1. Figure 7 is a flow diagramshow ng detail of 20 initiral portions of

the flow di agram ofie&dhgUfer?2 cornstirecOing a oW il BEsmdi SHAY ﬁ%dd.»qt ¢ €he
subsequent portions of the flow diagramof figure 2. Figure

another flow di aimspectédvpamt desindg thetbnsbettﬁonpoataﬂnsaﬁ& the flow
di agram of 25 Figure 2.

N means for comparzng the inspection gage model with the
inspected part model, wherehy compliance with design data
tolerances is determined.

A'metnod of investigating_tolerance'oall-outs on mating
parts wherein design and tolerance data for the mating parts'
is available in memory is described and claimed in our co-
pending application No. 9007381. 8. |

\_ A computer controlled display for 1nspection and analysis
of predetermined part features on a manufactured part coupled
to CAD and tolerance data for the manufactnred part is
desorlbed and claimed in our co-pending application No.
9007382.6. |

The above and other features of the present 1nvention are

illustrated, by way of example, in the drawings wherein:-



Figure 10 is a data flow diagram of the system of the present
invention. Figure 11 is a chart of representative ANSI standard ,

tol erance call -out synbols. 30 Figure 12 is a per spective/
view of a manufactured part depictinQg datuns thereon. Figures 13A -
13C are charts depicting inspection ges and datuns for the

manuf actured part of Figure 12. 35 - Figure 14 is a plan view
of a part with a syntactically incorrect part feature call-out. Figure

15 is a plan view PQf;u:ehe 1paiks @f blgwke dx%ra\ﬂtfsho@ﬂ(hglerthe

tactical l f eat 16
T b an " PRRPRBRC PR BT Ere BuAtRa B S msnsmntoie et Hin ur e
call-outs. A short titFéghoe Rhdsf anctfilow pmfa(grmd nel@tdngsy tteemthe
Chel breea  S°EBhButk? | Ry Baredt CHAiHE U9 e Phe Tz eBEHem OF

t he present ™' I nvention efe ence.to Figure hersin a
conmputer 11, SUEﬁﬂésoﬂhe VAXII/780* |s coupled to a display 12, such

as  the Textronix 4?l§ure 3A1stYB@%%$ec¥ivé’%1¥5 OV iadedholaen enfgering
information into the EéF emfor use “by “the. conputer in controlling

syst em oper at fon. "IPUEACLRELS, o RAL b 0 SUPIRSEar d-°opér"‘e§tﬂetﬁ$11°§‘ pP¥i FOE at

the display 1ﬁreéeﬁEChanea&nOh.robot 14 for prOV|d|ng t hr ee di nensi onal

novenent hin a presgribed v 2Q0 is__exe i.fi ed b t he Autonatlx

r obot desrg ated Al D 8069 i g g n%a 16 pe§sP%%ﬁﬁW3d i a Pfown a0\

position overipspgcaivor kgages pecasamtictedut ithroaght o tdet enusiene dfhehe _

orientation o ?sggnt 3e5g§5hng on an underlylng support surface 18. A
t

sensor 19 is tacﬁe e.25 robot 14 “and- exenplified by t he~
non-contacting Figure 5 is a dzagrar showxng 1nspect10n path
generation as used in the present invention.
15 Pigure 6A 1is .a - plan, view of the inspection

gage of Flgure 4. N _
F1gure GB is a plan v1ew of the manufactured
part of Figure 1, | |
"Figure.. 7 1is 'a flow diagram showing detail of
20_1nit1al portions of the flow diagram of Figure 2.
Figure 8 is a flow d1agram showxnc detail of j
subsequent portions of the flow dxagram of ¥ sure 2. \“/
Figure - 9 - is~ agpthet flow dzagram showing
Is detail of the latter portions of the flow diagram of
25 Figure 2. | o
- | Pigure 10 is a data flow diagram of the
. system of the present invention.
_ Figure 11 is a chart of representative ANSI
standard tolerance call-out symbols. :

\,

30 Flguze 12 is a perspective view of a
manufactured part depicting datums thereon. o
-~ - Figures 13A - - 13C are charts depicting

inspection gages and datums for the manufactured part

of Figure 12, _
35 Figure 14 1is a plan view of a part with a



i nspection (NC) device shown in Figure 1 as a SELCOM |aser sensor. It
should be noted that the position sensing device 19  could consist of
a  coéordinate neasuring nachine (CMW) or a nunerically controlled 30
machine tool adapted with a touch pr obe. These devices would
acquire inspection data by physically contacting various nechanical
features on the part, 17 ,Vvir reference to Figure 2 of the draw ngs t he
flow diagram depYRERGEicA ¥ 1PRAFESFEsParkafeathEe fpdlaputsiep in the
process defining the invebgupe LBvoigesat hpiganeraewonoef grguEggkgnabf
I nspecti on gage. . mapper .in  Whi t his IS, _acco I shed 5,
includes the t?%%@ﬁ?tta?g oYltgon%ﬁ#gEerai5¥8ta83§F52E¥C2EFaBHF39Fb?tﬁ
part 17 to the copputefedatune cabb-outkigure 1 and the subsequent di spl ay
20, in perspectgve as seenpigufggyge s Ok tﬁgaqeskgggd Bgrtmgggﬁﬁheﬁapkgh'
dinmensional =~ and, __tolerancing - Informatioh™ In accordance wrth
geonetric di mensi bhlw§traking: epRPakibhg pepgTfeatunadealit-outghe standard
used for illustration here is U S. Governnment designation ANSI Y14.5.
There are shown three surface references, A B and C
Alternatively, the referenesShREtcobptite FRE _Ebgef“BFtisPapﬁéf?¥m9dpBYnt
on-a part, a hol ethet csys¥enseéhsé¢hosegurRerdin the dofpacepnaintéegtat ost
is for four hojgs . ope, diameter plus- 0.125 mnus 0.0 .inches on
the— di spl ayo']l-d'3 ?Qéﬁrgﬁeféfég of the wpart 17. Thi s di mensi onal and
tol erance call-out is consThersyistem offe Be apresenti chhvembilonnapay be
feature for thegedhl Ugigpte dncdNeo hpk re Lpdicage cat ed
usiag the nethod 6?'to|e%gnCiﬁ§P?%r%%d ﬁ?(ggsﬁggifigﬁgk§gﬁg%r%€T§ftégs‘:'
indi cated by tHCh sishe VALLHOT80* ) nis tgeupPbedr akee abl digplay Ot her
drafting toleranoi¢ly nmedodstRe npeyxPeohekechedssuch gs ﬁg§§%§pﬁe|19 3j s
surface profil o oplda £ Sh0¥Fin LSESRREe EOACIRLE  tne M Syb0bs® L0
use by the computer -in controlling system operation.
Visual reference for keyboard operation is provided at
the display 12. A mechanism or robot 14 for providing
three dimensional movement within a prescribed volume
20 is exemplified by the Automatix robot designated AID

800*. A camera 16 1is mounted in a known ‘position

overlying a working space and is utilized to determine
the orientation of a part 17 resting on an ‘underlying
-~ ~ support -surface 18, A msensor 19 is attached to the
\_/ 25 robot 14 and is exemplified by ‘the non-contacting

. _inspectibn (NCI) device shown in Figure 1 as a SELCOM*
laser sensor. It should be noted that the position
sensing device 19 could consist of a coordinate

_'measuring machine (CMM) or a numerically controlled

30 machine tool adapted with a touch probe. These
devices would acquire . inspection  data by physically
contacting various mechanical features on the part 17.

_ With reference to Figure 2 of the drawings



.Figure 3 are required to be positioned so that their centers, as
manuf actured, wll vary only within a 0.06 inch dianeter circle at maxi num
. material conditions 30 (MMC, smallest_ holes). |If the hole is Iarger\_J
than the MVC size, then the tolerance cfpcle dianeter 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
desi gn or modthe26ley tfAéagaan 19epicted Jithersy indicajes i shabl ethe

signify to thfn§x§&2n1sbigughntheh%eybg%k@ss13ae%ahla@e heS8WoeRltion
t ol er anci ng conve t1ons % SCreen

p I n
the illustrattBKoivegs t |g9FBega§1°“ tﬁé atn38n°t58§P§|oﬁngPFGFéPénC|ng
standard is igdgeat edThed mannesor inhi whighpeahison tlse diagrbmplished

t d gt t di geqsi I d_tol. al |- qut, 'rel at. t
Phe || Lust ot LhOFUGEEE ) BBel FERRBRIREAT") or*! ECRRGRLET qaddl (Bediald |0
di mensi onal ahQADd| datackEng Bnpacapﬂantolmhihcompheeandé hsfosnahlonnls
| nspect ed thr?ﬂgﬂrerograahanéhgushbeeﬁggntoaéspix L36L' dn pe ggE@%%%-

Once the tolerance syntax i s determ e-cofrect ut e
generates an ?ﬁsﬁééﬂlbﬁ ghgurgoddlr 20f a§heseéﬁ51ﬁneﬂ|gnﬁ§t 4togeth§r

consistency withthegiR@hsiof@3i gnaha t0keuéasﬂc1n§yanhEéEhathgr thgrefore
confir ned. Wth t he esGripti.on the part and thQ'J
I

toIerance%oapﬁFFgﬂgfﬂcFhggﬁgs8?988&”?&a%&ﬂ§§31gﬂlpﬁspé@?loﬁ°&F‘PGﬁ&Pﬁona
gage using thecpame . tstandacdsnefemhncestaaﬂarﬂhasepafbrlSIQQBstauﬁbad by

step 1o ndesfehe 0rs” LBy e inelc B apa IR M NER 2 T RUFE
stored for fustee usbownhethrpartsurdésegnéeferenGQS. Ardek aoertﬁln
di mensi onal aﬂﬁc&Phseﬁ@@fyeahheoub%e&@hc@spﬁay t8mB2ide aed ERgR" o
assenbly. . _Functional gauge. Jju
15 a part, a point on a patt, a hole, etc. As seen in
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 (_J
. method of tolerancing termed “true position® (Figure
'11) as indicated by the initial ‘symbol in the
tolerance block.. Other drafting tolerancing methods
25 may be selected such as reference to a surface profile
or plus or minus tolerance dimensions. The holes in
Figure 3 are required to be positioned  so that their
centers, as manufactured,'will vary only 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
referencéd to the three indicated surfaces A, B and C.
Thé operator of the system observes the ideal
35 design or model 20 of the part 17 on the display 12



been created for the part as described hereinbefore. The system then
petfornms what IS cal |l ed design tolerance analysis as indicated
in Figure 2. The purpose of the tolerange analysis is to determne if
30 “thée designed part as toleranced will fit \@nder all tol erance '
conditions wth its mating part in the assenbly. Details of this
portion of the process are illustrated in Figure 7. A selection nust be
made by the operaand is ecabber 8oal gignifgl etoncehe asgbgend thpotddh t bRe

t b the - dgsj.dr defjr Loal tol er f th
bart. Tt exi st FRyBBEEA. 13 cErY BnelBY g8OLLET, corgtanELBR CEnkBhL1OEs e
part is created byhibh apppateronwharemgnut hen pthe ssreen. a Ifivirthbel "
condi tion (referﬁgggsgﬁg?konY 144,%) . g?ghggs, §be hghgs SeRhE al ogifi?ﬁe

lower [imt of _t t rances and_ any bosses, flanges, etc. afe at’
upper limt of ¥ hkolerapgheesstandarfeis ipgicpppds anfe adi ABRSPHnedhight h

respect to try peaeaitbﬁn,théhehasgihye:ibspoEQEibﬁéereausﬁdicbye thée
anount . of posi {1 onal, iolergnce i defi ned This fethod si mu] at es
the condition of ¢hReRgigaals apd, telfraneg, calispubs refating G@rsthe
case part, at ildpsesated fbun helesofin theei partal Lowabl ghposcoOmputag
tol erances. Once th t se (yLertu C LLl 5. LDhg:

maxi num nateria#egeﬁgégitggﬁs d?ﬁééslgéééin%h?poggg#ghggin ebF§¥#§g}°“rs
cogstruct ed byl@ heheokplieeanpcehinforpatios éal inspectiedunthrough aprgocam
with  those of - ) art. s pat | i's
constructed by th%nggﬁ%g?é?ﬂgin ??gs_ 3?nggflggoﬁ§?f?§§£§85'sta?gg& %ﬂ%
conput er checks FBLeEaRpati BYNERY béfweBRteRBiPgAt tAdebgoi ROTEBFEr anthe

analysis and itgompBtePOgeRbtates! bn LR8pevRish g8g&cmoBalt31fi ks tHeen
design data together with the toIe&snce dat a ES storgd Lor futurg use.
If the worst cat® pBFPYr8o fot fFD€ ¢ ARPBASEEREY oOf the .part design

15 tolerance symbolism is therefore confirmed. With
knowledge of the design description of the part and
the toleraﬂées 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'inspection

~ gage data is stored for future use.
| ~The part  designer has made ~ certain
dimensional and tolerahge call-outs for a part to be
et - 25 used in an assembly. Functional gauge data has just

been created for the part as described hereinbefore.
The system then performs what is = called design
tolerance analysis as indicated in PFigure 2. The
éﬁrpose of the tolerance analysis is to determine if

30 the designed part as toleranced will fit under all
~ tolerance conditions with its mating part. in the
assembly; Details of_tnis portion of the process are
illustrated in Figure 7. A selection must be made by
the opetator tb_either analyze tolerances -assigned to

35 the part by the designer or define new optimal



25 is returned to G as seen in Figure 7. The return of the process:
..to this location occurs so that the design may be inproved tolerancew se
by creating the holes and/or bosses with different nomnal sizes./

ii,e., a nodel geonetry change. ;7 As may be seen from Figure 7,
if the -analyzed existing tolerances (o] not. fit, beginning at G , a
new check or nodification is nmade on the Part. I'n one instance new

t ol bt th te ' from the d
A hew tol ofaheBanseactnr. Rhe ek | s TEn 8B iordRg, | $018epRES caES
tol erances. toAlbernanaltgked, tben aodekst gaseepayt isclozegeed byhe

tolerances | @he  cBRBLLART wnbobinl Nen et ge Mdel achangs, cgaaw goge

is then built tolerance S correct.
Anal ysi s of 5¢an915éﬂﬂseﬁféﬁeéﬁp§ﬁlnéﬂﬁéleﬂaﬂée§)nnﬁbﬁﬁe§$neﬁéﬁlhpéﬁsof t he

process descrabedalmﬂaélehelxobe&euHBQ&Obe @h@NAtolzaunceenahhae aagy set
of GD and eC|f|e égolerances However abl e

yrrentl
to define ne PﬁFEPanc aﬂﬁePVseFFcforaGElyachtEG gﬁ@@FaﬂlmdésPQn ¥8ases,

fixed and fteabrafceslasFrapeheegsedf hblesthaze anmen&ueneanswanaes
where parts are fas enegptog?ther hel ensi on), f|ngg§and

floating fastEREPeShaly LRCyuP s?tlgndndéﬁféﬁer 1Eeboﬁf fux anpl e
of a fastenerredutedaybygo ther oughobBta pdrt positipnedy beoﬁhraaded I nt

a part. ofaEL?ESEd'S gﬁﬁgﬁa'h%tﬁ%hecE?ﬂugEQggFéQﬁEaEo%h@QQ%hdothﬁg

The de5|gner ast ener tress requirenents.
The Federal shah€gr @spidvpdasedhe forewPLEPOSES sPEndahes wWPESt t kase \T’
e

Feder al Servbssé 'nC|HQ'ngo§90EQ@§ di aqples. bearingnasea okitBeabasten
and thread | engt hole size is calculated together with

oY
t he upper andpgﬁhéi°P6P8rSﬁisgaﬁcﬁﬁe hol e size and a true position

tolerance is then provoflee the wbest case part (vzrtual condition,

15 having = maximum ° material condztzons and haximum -
positional deviation) is consttuc:ed by'tﬁe computer,
the tolerance call-out datum§' are aligned with those
of the mating opart.  The mating part is also
constructed by thé'Cdmputer in its v1rtua1 condition

20 state. The computer - checks for compatxbxlzty between

. the part undergoing tolerance analysxs and its mating
part. If the worst case parts fit, the design data
together with the tolerance data_is stored for future
use. If the worst case parts do not fit, the process ‘U

25. ig returned to G as seen in Pigure 7. The return of
the ptocess ‘to this location occurs so that the design
may be improved tolerancewise by creating the holes
and/or bossés with different nominal sizes; i.e., a
model geometry change. - | |

30 ' As may be seen from Pigure 7, if the analyzed
"existing tolerances do not flt, begznn1ng at G. , &
new check or modification is made on the Pa:t, In one
instance '~ new tolerances ate obtained through the

‘system input from the 'deSigher. 4 new tolerance

35 syntax check is made relative to the new tolerances,



hol-e. The datuns for the position of the hole are 25 tol eranced

with flatness, straightness, roundness and cylindricity tol erance :
cal| -outs to guarantee that any possible positional error fromthe datunms
i's below one-tenth of the true position erfgﬁ t ol er anced. For. exanpl e,
iIf the hole true position tolerance is .060, 30 any error due to

departure fromfl atness of, e d%tuns % vi.di n erence for hhé
hol e position nﬂéF |Eh¥é no *%ore °%ﬁ& %68@ %F th§ angee  the
position error. toleflintes - arervemnalyzed forgu&manteesultﬁagt model
{Eterchangeabllét%gggger _& new é;%h tqlerQﬂggs qlkher afkgéfa?§g¥éggf by
e programto rtai ere dimonu on : ’
bearing surface [pyesuming otdi@lr@mm t&ymaelrrars r slogiriend .t 0 Analystiisngf
part for Lre 5Pahy nl¥ 1.2k )é%:?‘ltm PoTepdiicel iflvolbad CRRpetdabhn

surface 5 refers di spl acenent fastener laterally
the part being an&ﬁyi@@ PF oCeE S AR ibied immediatel ﬂgh§ﬁﬁﬂ§@@f°ﬁﬁder the

head of a bolt, for exgioM, Wags Raaliylel YanQVel’sett hegholgp r ahler T
than on the naterlal Hﬁdq art surroundi n t he e. In 10 s y
it is seen that oﬁPFﬁ&l e L ance8rsi s BOY, FﬁVt|SEG&P e toF@Féﬁnga
lsI only perfo][ rredgmegl f@l\% dfe(fr:.nfet Whews pedilelr ancesebyofit@@lEndof only twe

t ol er anci ng, ed _an 0] a anal i Iy ca .
an&LyS|s (anal%éesgfcgﬁﬁn %% q an% %% 3@#% n@ﬁ%g figg%léﬁA ?EStFPe“
cases of GD and Tcasles.anciImg. thb@eensmeq}fdmepIhﬂdammeﬁg thrpepﬁaﬁﬁaﬂcé
of design tol erangg ‘%’é‘?\le\és' ﬁe?e s(q.‘h%qd‘rqm Fi gq,rsqo%)to |tri%ol \qutelae anc

geheratlon of an |nspect|o t hree |nen5|onal y novabl e member
which is a part oflpatims r fiastenerof anadysd s1. ofTHd sy&eaill d Somndegsakefap

of generating anpa ibdIReGld G iRinbld S fagtdnert.he ifr aydi @ akhebugh

Figure 7. Thf5 pro%g&%. %%nn%% A%; b%p%%readed into a part. A fastener

is generally selected from Federal standard H-28. The

designer chooses  the fastener based on stress

requirements. The Federal standard provides the screw

thread standards for the Federal services including

20 body diameter, bearing area of the fastener and thread

length., The target hole size is calculated together

with the upper and lower tolerance on the hole size

and a true position tolerance is then provided for the

hole. The datums for ‘the position of the hole are

— 25 toleranced with flatness, straightness, roundness and

cylindricity tolerahce call-outs to guarantee .that any

possible positional error from the datums is below

one-tenth of the-ttue_positioh error toleranced. For

. example,  if the hole true poéition tolerance is .060,

30 any error due to departure from flatness of the datums

providing references = for the hole position must

contribute no more than .006. to the hole position

error. . This = . serves - to guarantee part
interchangeability. L

35 The tolerances are thereafte: analyzec by the



until. it 1is ascertained that an inspection gage for the part has been
built and the analysis of the design 25-tolerances show that the part
fits properly with its mating part.- Aft t he gage has been built and th_J
t ol erance anal ysi s successful ly %anleted t he inspection path
graphics are forned and di spl ayed as.shown in Figure 5. The x's-

i ndi cate nmeasurenent 30 points along surfaces A, B and C Thr ee :
i nspecti on poiPFOIIAR & RSRAhtRin AhEy artheTelefihe ndhe dinfraceion whHbe 22

i's shown on t i dbiendrdy b riaig n@h@f&&@ewf \Fii)t.suézaof""}&%h f'ﬁgoeﬁﬂ ted

to contact one of the |nspect|oq3§$|nts (shown at_surface
part 35 nodelfIff relatdy mathhE Part | LOF orthey aPagFrt’obé’elng

cl ust elr3 tA amadlyzed.ect (ﬁmm?ﬁtﬂﬁdﬂl df rgpm féféleeneﬂﬂr%&ﬁ?@t eéurflé”@é/' ng

a probe tigp ree .en r.eo nunber, o ays are
avai lable in e%rz?gs 3&3‘}. pﬂ:aﬁre&?é’tve&% Eltnthy A SLRReR tltftrﬁﬁi’e“éﬁ tHe 5
cat hode ray t e dibsylleay itro tdheecipaxft theelngisyrecly 2ed [0 Ndtee extlé’rdi araed

b t he X' i i atjvel the t 22 rt r obe
y the 'Péarin eguetfacrﬁfl'gsl-{] olnn ne ' e A; d¢ P cvq Eﬁeoerp

vector in wuse s _cau Sy dISp A% o i1 a is a
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The ensulng 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 dzmensionally movable member which is a part of
20 the robot 14 of Figure 1. The details of the step of
generating an':inspection path are set out in the flow \NJ
diagram of Figure 7. The process cannot be  entered
until it is ascertained that "an inspection gage for
the part has been built and the analysis of the design
25 tolerances show that the part fits properly with its -/
mating part.- After the gage has beéeen built and the
tolerance ' analysis successfully completed, the
inspection path graphics are formed and displayed as
shown in FPigure 5. The x's indicate measuremen:
30 points along surfaces A, B and C. ‘Three inspection
points on each surface'i; B and C define the surface.
A probe 22 is shown on the display 12 having a number
of tips 22a which are selected 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 & probe



be .-seen. that there are three measur enment poi nts associated with
each of the four holes in the part 17, whereby each of the holes is
fuhLy' defi ned. Havi ng 25 noni tored the gr aphi c display of -the
path, the conmputer, wupon comuand, forns C% pat h program in _
accordance wth the depicted path on the dlsplay The path programis

verted t I ntelligi 14, and the -
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new_poi nt's are red .into h ran1throu h t he key
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meant to inform the user of the direction from which
'the probe will physically - approach the surface to be
inspected and to provide 1nformat10n wh1ch may be used
to . avoid collisions between the p:obe cluster and the
20 part. Measurements are generated . 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
" 25 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 1s converted to;a program intelligible to
the robot 14, and the inspection path data is thern
30 'stored for _future'_use._' The combination of this
portion of the 'precess _ie indicated' at B in both

Figures 2 and 7. | : .
N If a modification of the inspection path is
desired,. a functxon is entered through the keyboard 13
35 and the cursor or vector on the display 12 is



.cursor undert akes nmotion  throughout the entire inspection path-
which is indicative of the notion sequence followed by the novable
mepber on the robot 14. 25 As seen in Figure 2, follomnng_J
generation of the inspection path and \any desired modi fi cat i ons
thereto, the next portion of +the process relates to job execution.

Job execution refers to any job which may be perforned by ClGNA

i ncluding cuttongrphled, bgOtherﬁsenLngAsmehustcaBeﬁﬁeeeSScﬁﬁﬂbéﬁ',1ﬁtC
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member shall pass to’ avozd the obstacle. The new

points .are entered 1nto the path ‘program through the
keyboard and the program descrlptlve' of the -path of
the movable member is thus altered. 'Following
creation and/or modifxcatlon of the 1nSpect10n path,'

20 the path- program may be called up and dxsplayed as the
cursor undertakes motion throughout the entire \ ./
inspection’ path which is indicative of the motion
sequence followed by the movable member on the robot
14. | -

25 : As: seen in Flgure 2, followrng generatxon of
the inspection path and any desrred modifications
thereto, the next portxon of the process ‘relates to
job execution. Job execut1on refers to any Job which
may ‘be performed by cIGMa 1nclud1ng cuttrng parts,

30 performing stat;stical process control, etc. Jobs may
be executed - manually by inputs through the keyboard
or automat1ca11y under the control of the computer.
When automatic control is desrred, fzrst the job
control language is def1ned as herernafter descr1bed

35 fThereafter, job execution is srmulated by a d1sp1ay on



20 herei nbefore descri bed. In the event automatic job control s

I npl enmented, the stored job control progran1q;_cal|ed up as indicated at
E (Figure 8) and the process contlnues under control of the
conputer. Qtherwi se, the subsequent functions are sequenced 25
manual |y by keyboar dcreehect nod stepsr koubemeiruni t aFe 0@1hh§aﬁéat %% t Rpe
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In the case of has been generated as described hereinbefore ané as
seen in Figure 8, Further, a determination is made as
to whether the job is to be executed manually by -the
operator or automatically by the system, as also

20 hereinbefore described. In the event automatic job.
control 1is 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 sequenced

25 manually by kéyboard- selection of various menu items

\_ on the part of the operator. '

| ‘The orientation of the part 17 on the support
" surface 18 is sensed by the'camera'ls attached in a

known location over the working volume. The part

30 orientation is used to orient the inépection-'path as

it is to be carried@ out by the movable member. The
movable member is moved along the - oriented inspection

path by operation of the robot 14. Position data for

- the physical features of interest on the manufactured

35 part 17 are obtained by the sensor 19 (NCI or CMN)



reference to the nmeasurenent history of the popul ation 20. of t hose

parts, a statistical analysis of the neasurenent is perfornmed and a
determnation is nade from the neasuriggn as to whether the process\J5
in control, as hereinafter described out of control process is

st opped and t he reason for the statistical 25 aberration is identified.
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Mathemat i ¢3l NSt s Ae0 hekEdr onéhe adbs ¢P1976d Yh3YPkeR EEYLEive
to the inspection gage-consétuctedwat' 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 population
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 is stopped and fheﬁreason for the statistical
25 aberration is identified. 1In the case of analysis \_
relative = to .the constructed inspection gage, the
measurement data is compared to the inspection gage 21
of Figure 4. Both analyszs 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 frbm the parts 17 must
be complete before . the - comparxson step or the
35 statistical survey may be undertaken, Statistical



comparison is: only for the visual confort of the operator and for

verification. It may readily be 20 determned visually if the gage and
the&part have any intersecting surfaces , because of the different colors
assigned to each. However, it is the mathematical conparison results
generated by the conputer mhich are subseque y used and  are at this
time stored as 25 indicated at D . Thel conparison results are held

for availability to other systems which may function in conjunction wth
the disclosed . ing£gd ateﬂrmglﬂgesyﬁtm$§'heison®pdéseﬁl resnéideningt hehe

fornmulated in 30 the repQLt_as g F| gre 9. The
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ghpgp:gonaLartqua”ébibﬁs cyaR’ Fiﬁéhﬁt'§§ﬁe) pufRese§age and mlBufatlited
' part models are then caused to overlie so that a
15 visual = depiction of the manufactured part in
' compérison - with the gage is shown. Mathematical
analysis also takes place. The colored visual picture
comparison is dnly for the visual comfort of the
operator and for verification. . It may readily be
\_ 20 determined visually 1if the gage and the part have any
interSecting'surfaces{ because of the different colors
assigned to each. However, it is the mathematical
‘comparison results generéﬁed by the computer which are
— subsequently used and are at this time stored as
' 25 indicated at D . The comparison results are held
for availability to other systems which may function
- in conjunction with the disclosed integrated gaging
system. B ) . |
The comparison results are then formulated in
30 "the form of an'et:or report as seen in Figure_s.. The
error repbrt is then called up on the graphic display
12. - If there are no errors, a green light is
illuminated to indicate that the manufactured part 1is
within = tolerance. If there are out of tolerance
35 measurements, they are investigated to see if they can



heasurenment is reviewed to determned if the process is in control
That means a determnation is made as to whether the nmeasurenent is

i ncluded within the area 20 defi ned ”undﬁgé a normal distribution beIK_J _
curve and within plus or mnus three standdrd deviations (plus or mnus
three sigma). from the nean of the normal distribution. If t he

| ast nmeasur e lbonal. _qu y pl us m nus
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hi st or cess_ i.s ired so that maverick points are
| ess IYker tcpiékg ctyged part m?ﬁg fSPIo&PﬁggaE§ 2lan Ifabecgiageed
program |isfits tieppattpg aonyennOﬁerthhwhlib aipnamiaEEeny 8ich
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statistical history of a measured . dimension . of a ~
specified part 1is reviewed. - A constant monitor is
15 provided for measured dimensiona1-~_quahtities 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 thelmeasurement3is included within the area
20 defined under a normal distribution bell . curve and
within plus or minus three . standard deviations (plus
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 distribution, the program returns ‘_/
to measure further data from the part. If a maverick
point -occurs falling outside the plus or minus three
éigma-limits defined under the bell curve, the process
is stopped and the statistical ranges - for that
30 measurement'quantity:are dispiaygd.-,The cause of the
errot._is thus determined by analy2zing trends in the
statistical process: history. The process is then
repaired so that maverick points are less likely to
~oceur. . . _ . = |
35. _ The following is an. abbreviéted progran



MODF FI ED TO NOT CHECK THAT A DCS |I'S ACTI VE UPON ENTRY TO Cl G SOFTWARE
MODI FI ED TO SET THE DEPTH ENTRY MODAL MVI EW (15) AND TO SET THE TI ME PERI OD
BETWEEN 20 FI LI NG FLAG | MODE(39) MODI FI ED TO REENABLE THE USERS
DCS ON EXI'T SET PDQFLG=0O ON ENTRY AND SAVE SET CGEOVETRY PRESENTATI ON MODAL
(1 MODE(8)) 25 TO | NDI CATE GEOVETRYW\@N ALL VI EWS, AND DRAFTI NG | N
WORK VI EW ONLY. STORE GAGE FI LE RELATI VE PCSI TI ON PO NTERS SO THAT OLD GAGE
FI LES COULD BE RESTORED 30 I'USER(7), | USER(8), | USER(9) ARGUMENTS:
TYPE- NAVE(Dl Wisting I|dePicting Dic{eRinEnady SUBRGEH NED Ko dEb: ma“)N\ﬂé-

DESCR PTI OV . DoffORAACE oA SR 1 it elciactodd o Bsen 1) dn

TEKO, and TERVA Lipenormingiplthes |discloagdit gage t and phinsedtion mpdule
inmplies |ast outpyrtasdes gr aphi G d i sora ttdP\redy I mpl i es standard nts
dewcellrrplles et r 0o- G aphi cs i nput and out put V|ce—2|rrplles Code

Activated SwitcR iSVRRQUTS /N%Aqxﬂﬂﬂ ALI ZATI ON 10 BEG N PROCEDURE CALL MBI TS

(1,0,1, 1 MODE(30) , PurpPOSE: Birh RAVETITHY 'durEKRNT WdKdl SEMTINGS THAT WE
CHANGE,
TO SET UP THE INITIAL CIG MODALS
TO INVOKE THE CIG FUNCTIONS VIA AN
: 10 ANVIL MENU SELECTION OF 5,11,7
o _ TO RESET THE OLD MODALS ON EXIT FROM CIG
: . MODIFIED TO SET THE IMPLICIT POINT MODE TO
: : DEFINE AS DISPLAYED
o ON ENTRY TO CIG - RESTORES TO 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 IN ALL VIEWS, AND '
P DRAFTING IN WORK
' VIEW ONLY.

STORE GAGE FILE RELATIVE POSITION POINTERS

N\ SO THAT OLD GAGE FILES COULD BE RESTORED
30 ~ 'IUSER(7),IUSER(8),IUSER(9)
ARGUMENTS:
TYPE NAME (DIM) 1/0 DESCRIPTION

SUBROUTINES CALLED: -
- ANVIL VERSION 1.5
35 USER WRITTEN -

LOCAL VARIABLES: |
TYPE NAME(DIM) DESCRIPTION




CTRLW ! ENABLED 15 SET PDQVOD FLAG SO WE KNOW VWHI CH CORELOAD TO RETURN TO
SET PDQFLG TO | NDI CATE NORMAL USER -PngERACTI ON WTH A G TH'S HELPS
CLRALPHA/ | 08 CLEAR CORRECTLY WWHEN NEEE SARY SET GOSW 10) = PDQMVOD SOQﬂﬁ
CAN REENTER AT TOP OF THIS 20 ROUTINE IF CX190 1S BEING REENTERED

Ccr I S ETC. IF
(REENTERIS0) BREH Piei PR ho SEF 8y tRsy L o %y

PDQ NI T(1) ! REMdbF! ALhZEnRd9e UNRsARRAY AR TRd N GA aN% F THI S1S
PDQCON LEVEL 1-WH Ci- BEAMPIEAT 1labt lontpitE wakSk d-

SUBROUTI NE 5 CAMESV AFﬁERmblebbN&ﬂdﬁdaaﬂfmc§T RETURNS FROM CLINKS
IN THIS LEVEL, 30= $E1n®m@@@wh)trdmwmcs_%ﬁmr&9%ﬂé§tm S O TO IS
LI NKED TO CLEANUP190. devAk¥é - CHANGE ~TO | TS LOCATION I'N HI 'S LI ST MUST
BE REFLECTED | N THE=VARAMPIEeS. EANSPRA® i®@ted Switch in use

TO (1000, 2000, 3000, 4000, 5000, 6000, 9999, 7000, 8000, 8500, 5 & 9000) , PDQCON( 1)
FIRST FRESH CALL - TO CX190 - SAVE |MODE(146) PERI-GD BETWEEN FI LI NGS
AND SET TO 0. D$ﬂ&slnmStA®EZB@N9hAT TH S LEVEL BECAUSE THI S MODAL MUST BE
TURNED OFF BEFORE ANY CALL TO ANVIL. 10 SET RELATIVE RGAGE PO NTERS

| NI TI ALl ZE, THE_| USER_ARRAY | F THI'S IS THE FI RST TI ME USER HAS RUN THI S PART
THROUGH T cPEﬁé?s?EQFFPUBPUSER(l) LT.0) THEN FIRST TIME THROUGH

CALL MVBITS (;,0,1,:nops(30).l)” ISET BIT POSITION ~
-1 TO 1 WHICH SAYS -

CTRLW
- !ENABLED g

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

SET PDQFLG TO INDICATE. NORMAL USER INTERACTION WITH
CIG, THIS HELPS CLRALPHA/IG08 CLEAR CORRECTLY WHEN
NECESSARY

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

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

IF (REENTER190) THEN .REENTERIQO IS SET BY GRU03 IF

CTRLI EIT CALL PDQINIT(1) !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 APTER A CLINK IS

DONE. TO CONTROL RETURNS FROM CLINKS IN THIS LEVEL,
30 SET PDQCON(I).

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



15 DO 400 | =1, 128 400 CONTINUE END | F | NI TI ALI ZE DEFAULT FI LE -
NAMVE SPECI FI CATI ON SO THAT OPNPRTFIL W LLQUSE CURRENT PARTS NAME AS FI LE
2?30%% DETERM NE WHERE ALPHAOUT 'S GO NG°AND SET ALPHAOUT

ACCORDI NGLY SET ALPHA OUTPUT TERM NAL TYPE SET ALPHA OUTPUT TERM NAL TYPE
25 CALL LDBI T( | MODE( 14) , ALPHADEVY5, . 0) .SET WHERE _ALPHA | NPUT |.S_COM NG FROM
CALL LDBI T( 1 MODE( _14),ALPHAF%$)§%%£§E MUSETER NBEALERTER SNA THETMARIASLE
GO NG AND WHERE ALPHA | NPUF G FROM | F( FMCDV. EQ. 0.) THEN

| F{ ALPHAFROM EQ O THEN 5 ALPHA | NPUT |'S COM NG FROM

GRAPHI CS DEVI CE DEZERM NE_GRAPHI CS DEVI CE TYPE | F(1 MODE(57) . EQ O) THEN .

TEKTRONI X 40XX TE L ,BEoNGoHSE !
(I MODE(57) . EQ 15) ¢ ?@5?2?%38&&28@ P9 -8R0 2RE 'ﬁ@@ 'Eﬁgol B30%E ALPHA
| S COM NG FROM ALPHA DEVI'CE ™15 | USE VT100 KEYBOARD | NPUT SET

END | F DETERM NE ALPHA OUTPUT DEVI CE | F(ALPHADEV. EQ 0) THEN ALPHA QUTPUT IS

GO NG TO GRAPHI CSpbRYTCEREEBH CALL TO Cx190ETERVIhyEGRAMIDES 1@%Y CRERYID

| F(1 MODE(57) . EQ OBETWEBN FPILINGS AND SET TO 0. THIS MUST BE DONE AT
THIS LEVEL BECAUSE THIS MODAL MUST BE TURNED OFF
BEFORE ANY CALL TO ANVIL.

\f’ 10 SET RELATIVE RGAGE POINTERS

INITIALIZE TEE IUSER ARRAY IF THIS IS THE FIRST TIME
USER HAS RUN TEIS PART THROUGH THE CIG SYSTENM

IF (IUSER(1).LT.0) THEN

FIRST TIME THROUGH
15 DO 400 I=1,128 -

400 CONTINUE
END IF

INITIALIZE DEFAULT FILE NAME SPECIFICATION .
SO THAT OPNPRTFIL WILL USE CURRENT PARTS NAME AS FILE
20 NAME o ' ' :

DETERHINE WHERE ALPHAOUT 1S GOING AND SET ALPHAOUT
ACCORDINGLY - '

SET ALPHA OUTPUT TERMINAL TYPE

- SET ALPHA OUTPUT TERMINAL TYPE
25 CALL LDBIT(IMODE(14),ALPHADEV,5,0)

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



“TEKTRONI X 40xx TERM NAL BEI NG USED ELSE | F (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 | CE END | F ELSE | F(FMCDV. EQ 1U
THEN RETRO GRAPHI CS TERM NAL USI NG VT100 'FOR ALPHA 5 | NPUT AND

QUTPUT ELSE | F(FMCDV. EQ 2) THEN 4014 W TH CAS. USI NG 4014 FOR ALPHA .| NPUT
AND ALPHA TERWgWir A N

TERM NAL CALL W@&W %E B’rg@%gvgy % Ié@hﬁﬁ%g %}E EQETURN
TO THI' S CORELOAD (190) WHEN REQUI RED SET UP MENUS TO SAVE THE CURRENT

CURVE WEI GHT TABLE IN 15 UTF CALL MENWISAV( NBCHARSCURWIS) SAVE WEI GHT TABLE
CALL CLI NK(2) IFQGMc@SNEBONWE) 2ZFHENRT UP MENUS TO RESTORE PREDEFI NED WEI GHT

TABLE FOR LATER USEcﬁﬁ#hﬂgﬁg%GEEQEg&%ﬁﬁﬁﬁﬁhgwr - RESTORE THI S TABLE
CALL CLINK(2) 2000 DEFAULT CURVE VEI GHT
5 ALPHA INPUT IS COMING FROM GRAPHICS
~ DEVICE
' DETERMINE GRAPHICS DEVICE TYPE
IF(IMODE(S7).EQ.O) THEN
TEKTRONIX 40xx TERMINAL BEING USED

. o o } s’
10 ELSE IF (IMODE(57).EQ.15) THEN
TEKTRONIX. 41xx TERMINAL BEING USED ;;/'
END IF
ELSE _ - _ . )
, ALPHA IS COMING FROM ALPHA DEVICE
15 USE VT100 KEYBOARD INPUT SET
END IF
o/
DETERMINE ALPHA OUTPUT DEVICE
IF(ALPHADEV EQ 0) THEN
ALPHA OUTPUT IS GOING TO GRAPEICS DEVICE J

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



5 SAVE CURRENT PART DEFAULT CURVE FONT SAVE CURRENT PRESENTATI ON MODE MODAL
SAVE CURRENT PART DEFAULT CURVE COLOR SAVE | NT PART SELECTI ON MODE SAVE
CURRENT PART SURFACE PATH DI SPLAY MODALS 10£8AVE TEXT ORI G N MODAL AND TEXT
JUSTT FI CATI ON SAVE | MPLI CI T POl NT ‘MODE SAVE DEPTH ENTRY MODAL SAVE CURRENT
VALUE OF DEFAULT LEVEL SET PRESENTATI ON. MODAL TO | NDLCATE GEOVETRY IN
ALL 15 VI EWS, DRAFTI NG I N WORK A4REd OKE YCRANE T@dﬁm¥$#5°|h&iﬁ#l@éVvﬂFCH
CONTROLS DRAFTI NG EXTENT, TRI M CURVE MODEBLANK AND UNBLANK, FI LLET
MODEROTATI ON MODEM RROR NE§§555; | MODE 180 TO DEFAULT =0 WHI CH | MPLI ES 20

~ DRAFTI NG=ONE ENT ONE CHANGCE, TRI M CURVE=VI SUAL | N WORK VI EW

BLANK/ UNBLANK=TEMPORARY FI LLET = VI SUAL | N WORK VI EW ROTATI ON - 2D WORK
VIEW5 M RROR = B L, NE SET SELECTI ON MODAL TO ALLOW
FOR PO NTER SE%%\I ?Eg*‘ﬁgh@\@ %ﬁ#ﬁ MODE TO DEFI NE AS DI SPLAYED CALL
MBI TS (2, 0, 2, | MODE( 146) , (BETRE-TGRARHICS| TERMINAL ARSI NG TYT100 1HOR ALPHA

| DI SPLAY WHERE DEFI NED SET! RRET R HOERREY MODAL TO DATA ENTRY MODE ALLOW -
FOR SPECI AL JUMPS VI A A CTRL SPACE SAVE ACTI VE DCS PO NTER SO THAT THE USER
DCS CAN BE REACTI VATED ON EXI T 15 DO WH LE REJECT OR OP COVPLETE NOT HI T DO
WHI LE(. NOT. ( TERMBYSTE) ) F RROOVERE@XE POTHERE ON RETURN FROM CX191, CX192 AND

Cx193 4014 WITH CAS. USING 4014 FOR ALPHA INPUT AND
VR ALPHA TERMINAL FOR ALPHA OUTPUT
2% M T

10 TURN OFF WRITES TO ALPHA TERMINAL
CALL ALPHAOFF

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
o 15 UTF

CALL MENWTSAV(NBCHARS,CURWTS)
SAVE WEIGHT TABLE
cALL'CLINK(z)

1600 COﬁTfNUE'l

20 SET UP MENUS TO RESTORE PREDEFINED WEIGHT TABLE FOR
* LATER USE . :

CALL MENWTRET(NBCHARS ,CIGWTS)



3000 CONTI NUE 20 CALL PDQ NI T(A), DI SPLAY TOP LEVEL CI G MENUS
AND FIND OQUT WHAT USER WANTS TO DO ON ALPHA TERM NAL CALL ALPHAON
25 CALL CI GVENUS( MENUNUM | NTVAL) TURN OFF ALPHA TERM NAL CALL ALPHACFL )/

VENU Pl CKED NUPI CKED. EQ 2) THEN USER WANTS TO RUN
GAGE/ ZONE CCN§F§§E$EEEQ§ 4 SBBHENT Nk CALL CX191 ELSE |F ( MENUPI CKED. EQ 3)
THEN USER WANTS TO-RUN | NSPECTI ON PATH GENERATI ON 5000 CONTI NUE 10

CALL 0192 ELSRIF CIRNIBOKED EQ 4) THEN USER VANTS TO RUN MEASURED DATA
COVPAR SN 6058 ST RB 22al L Cxioa) 15 ELSE | F( MENUPI CKED. EQ 98 . OR.

MENUPI CKED. EQ 99) THEN END | F END DO 9999 CONTI NUE TURN OFF ALPHA TERM NAL

20 CALL ALPHAGBB0 COR4INGER WANTS TO TERM NATE Cl G MODULE. RETURN ANVI L
DEFAULTS TO THEI R ORI G NAL VALUES

SAVE CURRENT PART DEFAULT'CURQE WEiGnT
5 SAVEICURRENT_PART DEFAULT CURVE FONT
SAVE CURRENT pgssgntarzou-nons;nonAL. 
SAVE CURRENT PART DEFAULT CURVE COLOR
SAVE CURRENT PART SELECTION MODE
SAVE CURRENT PART SURFACE PATH DISPLAY MODALS
10 SAVE TEXT ORIGIN MODAL AND TEXT JUSTIFICATION
SAVE IMPLICIT POINT MODE
SAVE DEPTH ENTRY MODAL | “ - o/
SAVE CURRENT VALUE OF DEFAULT LEVEL

SET PRESENTATION MODAL TO INDICATE GEOMETRY 1IN ALL
15 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 DEFAULT =0 WHICH IMPLIES

20 DRAFTING=ONE ENT ONE CHANGE,



AND RETURN USER TO APPROPRI ATE ANVI L MENU. RESET ALL MODALS WE HAVE TOUCHED
5 RESTORE OLD WEI GHT TABLE CALL MENWIRET( NBCHARSCURWIS) RESTORE THI S TABLE
CALL ,CLI NK(2) 7000 CONTI NUE 10 MAKE SURE THZWSERS DCS |'S ACTI VE BEFORE VE -
LEAVE | F (ACTDCSPTR. NE. 0) THEN CALL MENACTPTR(ACTDCSPTR) CALL GRAPHON CALL
CLINK(2) 15 ELSE CALL MENRTWRVU CALL CLINK(2) END | F 8000 CONTI NUE 20 RESET
OLD MODALS RESET MMJWR_V@FEIISQQLLL INEORN MI\BW SAVE) CALL CLINK(2) 8500
CONTI NUE BL ANK BRMANKARNBE, 13ﬁ§?°ﬁ4§¥ CURRENTLY ARE NOT BLANKED CALL
MENBLKLVL( LVL1, LVEZ I@ALL &_Il ‘QWWVNUE 5 CALL GRAPHOFF RESET
REMAI NI NG FLAGS ¢&BJLMP KEY H.T (CF, CP...) ! THEN
GOSWBSAV  WAS SET OF) RLANE AL| ZE PDQCON FOR NEXT
ENTRY- | NTO CI G MODULES CALL PDQ NI T(1) TURN ALPHA TERM NAL BACK ON.

SET SELECTION MODAL TO ALLOW FOR POINTER SELECTIOR
SET IMPLICIT POINT MODE TO DEFINE AS DISPLAYED

CALL MVvBITS (2,0,2,IMODE(146),0) !SET BIT POSITION
Ky/ : _ 0 AND 1 TO 10
10 !DISPLAY WHERE DEFINED
SET THE DEPTH ENTRY MODAL TO DATA ENTRY MODE

ALLOW FOR SPECIAL JUMPS 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 FRON CX19i,CXx192
N AND CX193

3000 CONTINUE
20 ~ CALL PDQINIT(1)

DISPLAY TOP LEVEL CIG MENUS AND FIND OUT WHAT USER
WANTS TO DO

'PURN ON ALPHA TERMINAL
CALL ALPHAON
25 CALL CIGMENUS(MENUNUM,INTVAL)

TURN OFF ALPHEA TERMINAL



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 CONTINUE 20 .
| MODE(180) HAS TEMPORARY/ PERM BLANK ZNBRANK | MBEDDED ~ 2A IN IT. QT
MUST BE RESTORED AFTER THE BLANK LEVELS 801 TO 899 TO AVOI D POSSI BLE ERRCR
CONDITION TH 5, ELAG S SET AS THE VERY LAST THNG = BEFCRE
RETURNI NG TO AERBHOERG 5 | £ ANY NENXOOXXX CALL TO ANIL | S EXECUTED
W TH PER ODI C FILING ON, THEN ERRORS ARE LIKELY TO OOCUR CALL CLINK(2) END
SUBROUTI NE CX4941GQ, 1P T THE GEOVETRI C TOLERANCE CALLOUTS FOR
SYNTACTI C \BICEE IS IH?%FCRM TO ANS| Y14.5 AND TO GENERATE
THE GAGES AND ZONES THEY DESCRI BE MODI FI'ED: ADDED GAGEHOLE TO Pl CKS CALL 15
ADDED GAGEHCL % TQuENGS bt PP ¥R SELECTI ONS FCR DI SPLAY DATUM AND
DEFI NE BLOCK oL S “ARGU E QUTPUT: . RGAGE ARRAY CONTAI NI NG

ALL THE | NFORVATI ON 20 USER WANTS BRI\ BACES ZGNG-rSONSTRUCTIQNES. ALSO
OUTPUTS ERROR MESSAGES FOR | NCORRECT DESI GN. . SUBROUTI NES CALLED: ANVI L

VERSI ON 1.5_- I NKREPNT GRUBB, 1 G6 25 . USER WRI TTEN
CALL CX191 |
: e’
ELSE IF (MENUPICKED.EQ.3) THEN
USER WANTS TO RUN INSPECTION PATE GENERATION o/
5000 CONTINUE
10 CALL CX192
ELSE IF (MENUPICKED.EQ.4) THEN
USER WANTS TO RUN MEASURED DATA COMPARISON
6000 CONTINUE o ” | Y
CALL CX193
15 ELSE IF(MENUPICKED.EQ.98 .OR. MENUPICKED.EQ.99) THEN g
" 'END IF
END DO

9999 CONTINUE
TURN OFF ALPHA TERMINAL

.20 CALL ALPHAOFF



RESLVDAT - RESOLVES DATUM LETTERS STORED | N RGAGE Cl GVENUS - DI SPLAYS MENU
CHO CES PI CKS - I NPUTS THE USER ENTI TY PI CKS 30 MODI FY

- | FI ES DATUMS & RGAGE ( GAGES) RESLVDAT SCLVES THE EXI STENCE OF ALL
DAT BEFORE GAGE OR ZONE CONSTRUCTI ON - GENERATES ALL GAGES

| DGAGE FROM 10 TO 71 ZONESP - GENERATES SP ZONE | DGAGE FROM 5

110 TO 113 DI SPLA RIABLES: TYPE

VRO LS e e or e o

DATUM 10" Afé@&%?%%@ﬁ@? M NED | N
HE LAST CALL TO

"NOTE THS IS STC&EB ﬁﬁqgﬁﬂwﬁﬁﬁﬁE?ﬁhﬁ

CLINK(2) DEFINE TYPE TO BE GAG FOR FI LE TERNINATCR 15 GO TO
(19000, 19100, 1920Qpk$40ALE0 MEDALISHE HAKRO
20010, 20100, 20110, 20120, 20130, 20140) , PDQCCN(Z) INITIALIZE DATA. ALL THESE
VARBS. ARE | N CX191COM FOR THESE ARE SET I N CX190 NOW AND ARE PART OF
PDQCOM 20 | TPREE REZTORSPRED WEAGHTST@RYS - 257 | ARCREL - 10 I'DIMREL - 10
25 DETERM NE | F GAGES HAVE BEEN PREVIQUSLY CREATED FOR THIS PART AND
|F SO RETRIEVE THE | GAGE/ RGAGE DATA

CALL MENWTRET(NBCHARS ,CURWTS)

N  ReSTORE Tﬁ:s TABLE
— | CALL CLINK(2)
7000 CONTINUE
10 MAKE SURE THE USERS DCS 1S ACTIVE BEFORE WE LEAVE

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

- 15 ELSE
— CALL MENRTWRVU
_ - CALL CLINK(2)
END IF ]
w 8000 CONTINUE

20..RESE$ 0#P.HODALS.
-ﬁsszw DEFAULT LEVEL
CALL MENDEF(LEVELSAVE)
cALL CLINK(2)

8500 CONTINUE



"FROM FILE | F(1USER(2). NE. 1 AND. |USER(1).EQ 1) THEN | GAGE AND RGAGE DATA

HAS NOT BEEN RESTORED 30 FROM FI LE YET OPEN FI LE GAGE FI LE WHICH
CONSI STS OF  partnane. GAG OR CREATE FILE.IF I'T DOESN T EXI ST WRI TE THI'Q/
MESSAGE TO SCREEN AT TOP- LEFT CALL FO?V\E_ 0,0,0) 5 DO VWHI LE BAD-

FI LE NAVES ENTERED, OR USER HI TS REJECT | N FORCERESP DO WHI LE ( STAT. LT. 0)
CALL OPNPRTFI L( I UNI T, TYPEMODESTAT) | F(STAT.LT.0) THEN .10

COULDN T OPENRGASE BLLEGREES TORUANSEEIHETRRURRIRIY)Y GAE NOORGERESRD | )

| REJECT W LL GO BACK TO MAI N Cl G MENUS END | F 15 o : END DO READ I N
GAGE DATA IF I T SHOULD BE ON FILE IF (1 USER(I) EQ 1) THEN CALL

RESTGAGE( | UNI ¢ERRORFNENIBLIVE(ZUL1 LVL2) CLOSE GAGE FI LE AFTER READI NG DATA
| FCERROR) THEN CALL FORWRI TE(O, 0,0) CALL FORCERESP(I1) !'REJECT WLL GO BACK

TO MAIN C G MENU 25 : : GO BACK TO MAIN MENUS GO TO 9000 END I F
CALL CLINK(2) '

9000 CONTINUE
5 CALL GRAPHOFF

RESET REMAINING FLAGS WE USED | .
!IF NOFEMAL ANVIL JUMP KEY HIT (CF,CF...) o
!THEN GOSW3SAV WAS SET IN GRU3A BEFORE
COMING HERE

10 INITIALIZE PDQCON FOR NEXT ENTRY INTO CIG MODULES
CALL pnoxn:wili
TURN ALPHA TERMINAL BACK ON
CALL ALPEAON - | | W,
TURN.GRAPHICS BACK ON
15 CALL GRAPHON
CLEAR ANY LEFT OVER ALPEA TEXT FROM DISPLAY
CALL CLRALPﬁA
SEE YOU LATER.
'10590 CONTINUE

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



END | F 1000 CONTI NUE DETERM NE | GAGE STA LOCATI ON  FOR NEXT

GAGE/ ZONE CREATED BASED ON THE TOTAL NUMBER GAGES/ ZONES SO 5 FAR CREATED
DETERM NE THE STARTING VALUE FOR | GAGE( | USTART) WH CH PO NTS TO
SUBSCRI PT OF RGAGENTOIETARTIETMRSTGBETRESTOREDUSFEER TEE. BLANKHEEVEES 801

| GAGE( | USTART- 1) T8 $PSpTONVEBYOARCROSSRBLE ERROR CONDDIEENSI ONI NG THEN HAVE
TO COWUTE THE NUMBER OF ENTITIES DI FFERENTLY.  THE PROCEDURE HERE
MUST BEUPDATED W TH CHANGES LN FUNCTI ONAL _SPECL EL CATL ONS, &

140 . OR (IDGAGE S SET AS THFDGX@EY LEAsgl)TH N$HENBﬂRQEEA
TP (OR COVBO) F ﬁf

| DGAGE . LE 113)

§§IK§@ GE GE 110 . AND.
= zoNETYP CLERCTHF SOF s X"E %EEN%%F}: TELREEAQ%@“Z%TJEM

SO WE STORE NONINAL AND | NNER AND QOUTER ZCNE PTRS 25 ELSE
TH'S IS A UNI LAT FE?ihggZTCLERANCE ZONE SO WE STORE NOM NAL AND | NNER
OR QUTER ZONE PTR D ELSE | F(1 DGAGE . EQ 120) THEN HAVE A

+/ - DI MENSI ON ELSE | F(I DGAGE . EQ 130) THEN HAVE A +/- HOLE POSI TI ON
' END :

- SUBROUTINE CX191

10 PURPOSE: TO CEECK TEE GEOMETRIC TOLERANCE CALLOUTS
AN FOR SYNTACTIC CORRECTNESS TO SEE IF THEY
' CONFORM TO ANSI Y14.5 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

: OUTPUT: RGAGE ARRAY CONTAINING ALL THE INFORMATION
\_ 20 NECESSARY TO GENERATE THE GAGES.
: ALSO, OUTPUTS ERROR MESSAGES FOR INCORRECT
‘DESIGN.

SUBROUTINES CALLED:
ANVIL VERSION 1.5 - CLINK,REPNT,GRU3B,IG06

25 USER WRITTEN:

‘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



"ENDIF END | F WHI LE THE USER HAS NOT SPECIFIED [OR] .......... DO DO WHI LE
(. NOT. TERM NATE) 5 11000 CONTI NUE 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 -CAld < GVENUS(12, | DUM) CALL PDQNI T(
Il NI TI ALl ZE PDQCON FROM 2 ON... |F ( of. EQ 98 . OR MCHO CE. EQ 99) THEN
15 REJECT OR OP COVPLETE HI T 'ELSE DON' T TERM NATE YET END | F 1400
CONTI NUE 20 | F(. NOT. TERM NATE . AND. & cg?ﬁg 0 . AND. MCHOI CE .LE. 8)
THEN | F(MCHOI CE . EQ 1) THE DEFI NE ' SRNELN '
DDPI CKS( ERROR) ELSE IF(NC}E$%EESEQ 2) SFhl 2 s LlJEGSQENE TP, SP,

PT, CX, SP 19200 CONTI NUE cabhE§5P|CKsé§ﬁ§§ ggspEaagg)Iggggglgﬁ CE .
.EQ 3) THEW CREATE PLUS M NUS ZONE 10119 70 113 L PDQ NIT(2) 19700

CONTI NUE CALL PMPI CKS( ERRORDISPLAY <~ DISPLAYS GAGES/ZONES

LOCAL VARIABLES:

TYPE NAME(DIM) DESCRIPTION
INTEGER  IUDAT !POINTER IGAGE FOR DATUM W,
10 FEATURE .
!OF SIZE. THIS DETERMINED IN
!NOTE THIS IS STORED IN COMMON
IR \/
RETURN TO STATEMENT AFTER THE LAST CALL TO CLINK(2)
DEFINE TYPE TO BE ;GAG'POR FILE TERMINATOR
15 GO TO (19000 19100,19200, 19700 10710 19800,19900,19910,
& 20010,20100,20110,20120,20130,20140),
PDQCON(2)
INITIALIZE DATA._-ALL'THESE VARBS. ARE IN CX191COM.FOR "
THESE ARE SET IN cx190 NOW, AND ARE PART OF PDQCOM
20 ITPREL = 27
ISPREL = 27 S T U,
ISTORUS = 257 _
IARCREL = 10 - '
- IDIMREL = 10

25 DETERMINE IF GAGES HAVE BEEN PREVIOUSLY CREATED FOR
THIS PART AND IF S0, RETRIEVE THE IGAGE/RGAGE DATA
FROM FILE

IF(TUSER(2).NE.1 -AND. IUSER(1).EQ.1) THEN
IGAGE AND RGAGE DATA HAS NOT BEEN RESTORED

30 FROM FILE YET |
OPEN FILE GAGE FILE WHICH CONSISTS OF



ELSE | F( MCHO CE . mAQT%NU$MYA%E15 : CALL
PDQ NI T(2) 19710 CONTI NUE CALL DI SPLAY ELSE | F (MCHO CE. EQ 5) THEN DELETE A
GAGE_20 CALL PDQI NI T(2) 198G QONTI NUE CALL DELGAGES ELSE

| F(MCHO CE . EQ 6) THEN DI SPLAY DATUMS 25 ™~ CALL PDQ NI T(2)
19900 CONTI NUE CALL DI SPDAT ! DI SPLAY DATUM DEFI NI TI ONS ELSE | F

(MCHOI CE. EQ 7) THEN DEFI NEpBChkmd b ERADRESRBATE FILE IF ?g b

PDQ NI T(2) 19910 CONTI Nefex §ALL DEFI NBLK END | F CALL Poﬁfhf?

I NI TI ALI ZE PDQCON FOR LATER 5 USE ELSE | F (MCHO CE. EQ 98 . OR
MCHOI CE. EQ 99) THEN REJECT OR OP COWPLETE HI T, SO RETURN TO MAIN CI G
CORELOAD NAMELY CX190 10 WRITE THEESEESEKGB‘VBLSEREEﬁIKE £OP LEFIF(. NOT
TERM NATE .. AND. . NOT. ERRCRALINEORWRLTE(OWND,0& (MCHO CE .EQ 2

. OR MCHOl CE. EQ 3)) THEN 15 ) THE ANVI L DATABASE HAS BEEN

PROCESSED AND STORED | NTO RGAGE. - THE, RGAGE(| GAGE(1 1))
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.0) TEEN
A\ ' 10 ' 'COULDN'T OPEN GAGE FILE

CALL FORWRITE(O,ERR_LINE, 0)
CALL FORCERESP(I 1™ 'REJECT 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
- CALL RESTGAGE( IUNIT, ERROR)

END IF
20 . CLOSE GAGE FILE AFTER READING DATA

IF(ERROR) THEN
CALL FORWRITE(0,0,0)

CALL FORCERESP(l,1) I(REJECT WILL GO BACK
' ' o - TO MAIN CIG MENU

25 GO BACK TO MAIK MENUS
GO TO 9000 '

END IF



ARRAY  CONTAINS THE DATA NECESSARY TO GENERATE A GAGE. ALL TEST HAS
PASSED PARSI NG TESTS. 20 I 'COWPOSI TE GAGE, |.E., MILTIPLE
TS ORCZS ORPT'S (MAX OF 3), THEN DI SPLAY THE GAGES I N THE ORDER THEY_
VWERE PICKED. |U - I NDEX FOR THE GAGE WHI CH W LL BE DEFI NED NEXT AT THI S

PO NT | N THE ENDEIRS WE HAVE (11U -. 1) GAGES DEFI NED. | UGAGE
= INDEX OF THE NEXT GAGE TO BE DI SPLAYED. SET RGAGESTRT FOR LATER USE
I N-NM33 DI SPLAY THE GACES/ ZONES 30 ' : DO WHI LE (1 UGAGE . LT.

| UVAX) NOW RGReS0 FEPNTIMPENT GAGE |'S COVPLETELY FILLED, DETERMNE THE
GAGE TYPE AND THEN CCNSTRUCT GAGE. CALL GDTTYPE(ERRCR 35

| F(. NOT. ERROR) E 810 - IQ g%g
e ey
20110, & 23% ERE gigé gE/ 6) ?$g§§%§ IZE
FROM2 ON 2 CONEFRUCT THE GAGE SPECI Al O BY 5
| DGAGE CALL GAGES (GAGEHOLES) GO TO 30000 20080 CONTI NUE DUMMY -GAGE 10

20090 CONTI NUGePLAMYNEAGEHE STARTING VALUE FOR IGAGE(IUSTART) WHICH
POINTS TO SUBSCRIPT OF RGAGE TO START STORING STUFF

IF(IUSTART .GT.. 1) THEN

' IF IGAGE(IUSTART-I) Is TpP,SP,COMBO,ARCS, OR o/
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
AND INNER AND OUTER ZONE PTRS

25 ELSE : Y

- 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



20100 'CONTI NUE CONSTRUCT A LI NE PROFI LE CALL ZONESP 15
GO TO 30000 20110 CONTI NUE CONSTRUCT A SURFACE PROFI LE (SAME AS LI NE
Eggﬁ%LE FOR NOW - CALL ZONESP 20 ‘ GO TO 30000 20120

NUE CONSTRUCT A +/- ZONE FOR ENTITY CACL ZONEPLM GO TO 30000 25 20130
CONTI NUE CONSTRUCT A +/- ZONE FOR HOLE POSI TI ON CALL ZONEDUMY( | DGAGE) GO TO
30000 30 20140 CONTINUE ggiNEFRUCT A COMVBI NATI ON GAGE CALL
ZONEDUMY( | DGAGE) 30000 CONTI NUE END OF COVPUTED GO TO ON GAGE TYPE 5
SET PDQCON SO THAT OTHER ANVIL CALLS "ARE HANDLED LOCALLY. END | F CALL
PDQ NI T(2) END D@ENP f£D | F END DO 9000 CONTI'NUE. TERM NATE CX191 EXECUTI ON
AND RETURN TO CX190 SET | GAGE TO BE CONSI STANT WTH NUMBER OF
GAGES 15 ACTUALLY CREATED (I USER(3)). -

WHILE THE USER HAS NOT SPECIFIED [OR]eveeeeseseDO

DO WHILE (.NOT. TERMINATE)
5 11000 CONTINUE

U FIRST ERASE ANY unssAGEs ON THE ALPHA SCREEN
' CALL CLRALPHA

s’ :

RETURN THROUGE HERE IF USER HITS R,cR or 2

19000 CONTINUE

10 REQUEST MENU CHOICES 1-2
CALL CIGMENUS(12, IDUM)
CALL PﬁQNIT(Z) $INITIALIZE PDQCON
, "IF (MCHOICE.EQ.98 .on,‘ncnoics.EQ.99) THEN

N 15 REJECT OR OP COMPLETE HIT

ELSE

' DON'T TERMINATE YET

END IF

1400 CONTINUE

20 IF(.NOT.TERMINATE .AND. |
& MCHOICE .GE. O .AND. MCHOICE .LE. 8) THEN
IF (MCHOICE ..EQ. 1) THEN.



“RESET | USER(1) AND I[USER(2) |F NO GAGES/ZONES HAVE BEEN CREATED

| F(I 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 I NI TIALI ZE P FROM (2) TO (7) CALL PDQ NI T(2\_/
SET PDQCON(1)=3 SO THAT WE REENTER 25 CX2R0 AT THE MAI N MENU REQUEST

CALL CLI NK( PDQVOD) END SUBROUTI NE CX192 PURPOSE: MAI N DRI VER FOR NC PATH
GENERATI ON' 5 TO GENERATE A NC_PATH THAT CONTAINS PO NTS ON EACH

ENTI TY OF A PART THAT | S TORSE INEEA&IYMOR TOLERANCES MODI Fl ED:  REARRANGED
THI' S DRI VER TO ALSO ALLOWFOR 5 AXI'S PO NT TO PO NT PATH GENERATI ON 10 ‘

ARGUVENTS: TYRE 110 DI M " DESCRI PTI ON
SUBROUTI NES C&Eﬁ%& qgﬂﬁiﬂﬂa;£SICN 1.5 - CLINK USER WRI TTEN SUBROUTI NES -

| NSPCNTRLDI SPPATH, 15 MODI FRALAPDOENICKS (RRRORJMRI ABLES: TYPE NAVE

DI M DESCRI PTI ON THILSE |18 (MGHOIOE JBQEI2 D BHENCH MEANS THAT I T IS THE

2ND LEVEL Of | MBEDDED SUB N SAFTER AGLINKG IS 20 DONE. TO
CONTROL RETURNS FROM CLI NK@ | N#ﬁfs L%E?'S P (2). GO TO.

(1000, 2000, 3000, 4000, 5000, 6000, 7000) , PDQCON( 2) 'DATA | NI TI ALI ZATI ON SET
DEFAULT LEVEL 16080PABNTIANYR PO NTS CREATED |

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 IF(MCHOICE .EQ. 6) THEN
DISPLAY DATUMS
25 | CALL PDQINIT(2)

19900 CONTINUE .
CALL DISPDAT !DISPLAY DATUM DEFINITIONS
- ELSE IF (MCHOICE.EQ.7) THEN N
DEFINE BLOCK TOLERANCES
30 CALL PDQINIT(2)



25 DO WHI LE (. NOT. TERM NATE) 1000 CONTI NUE ASK USER TO Pl CK | NSPECTI ON
MENU CALL Cl GVENUS(13, | DUM) CALL PDQ NIT(2) 5 | F( MCHO CE. EQ 98 . OR
CE. EQ 99) THEN REJECT OR OP COMPLETE HI T DO NOT ALLOW AN EXI T UNLESS
PATH FI LED OR DELETED. ALSO DELETE HOME PT |E QNE CREATED. 10 CHECK TO SEE
|E A HOVE PO NT HAS BEEN CREATED |F(chEX|sf$§ N HOMVE PO NT EXI STS. CHECK
TO SEE | F A PATH HAS BEEN CREATED. | F(PHEXI ST) THEN 15 SI NCE
A PATH EXI STS, THE USER HAS NOT FILED THE PATH.  THEREFORE, FIND OUT |F
W SHES TO FI LE OR1PBLBTEGNTE NOATH OR RETURN TO THE MENUS 2000 CONTI NUE 20
CALL Cl GVENUS(16, |DUM) CALL PDQNIT ILANS . EQ 1) THEN USER W SHES TO
FILE THE PART CALL FI LEPATH 25Dg‘&l_'l‘ (D%)Ffd:éLKA\ELSE IF(I ANS . EQ 2) THEN USER
W SHES TO DELETE THE PATH ENIL IBELEPATH ELSE | F(1 ANS . EQ 3) THEN RETURN TO

MENUS FOR CREAT/ MODI F/ .30 | Q
98 .OR IANS .EQ 99) THEN%?E@PQ&QI&/%Q\HN%MW P &_%E’g
- ELSE IF (MCHOICE.EQ.98 .OR. MCHOICE.EQ.99)
THEN '

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

W, 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
o OR CZ'S OR PT'S (MAX OF 3), THEN DISPLAY

. | THE GAGES IN THE ORDER THEY WERE PICKED.

IU = INDEX FOR THE GAGE WHICH WILL BE
DEFINED NEXT AT THIS POINT IN THE CODE
25 WE HAVE (IU - 1) GAGES DEFINED.
U IUGAGE = INDEX OF THE NEXT GAGE TO BE
- | . DISPLAYED.

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

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

L CALL GDTTYPE(ERROR)
35 IF(.NOT. ERROR) THEN
' : IF (IDGAGE.EQ.80) GO TO 20010 :
"GO TO (20010, - 20010, 20010, 20010,
20010, & 20010, 20010, 20080, . 2009C,
20100, 20110, & 20120, 20130, 20140),



THAT MUST ANSWER WTH 1,2, OR 3. 35

0) CALL FORCERESP(2, 2) END I F ELSE
DELETE THE HOVE PO NT BEFORE EXI TI NG CA
CLI NK(2) 3000 CONTINUE END | F ELSE HOVE PT DOES NOT EXI ST 10 -

CALL FORWRI TE(O, O,

ATH EXI STS, BUT HOVE PT DCES.
NDELPTR(1, HOVEPTR) CALL

END | F

ELSE | F(MCHO CE. EQ 1) THEN USIEAGEANIE TO CREATE | NSPECTI ON' PATH CALL

MENDEF( PATHLEV) CALL CLI NK(
4000 FOR CLINK & | NSPCNTRL

"I NSPCNTRL CALL PDQ NI T(2)

OR POSSIBLY JO N PATHS ON

CALL PDQ NI I(2)

THEN USER

15

20

25

30

20080

2008¢C

. 20100

20110

20120

20130

20140

CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONTINUE

B SRR i e

SER OF S. N.
LL

I NI TIALI ZE FROM 2 ON 20 ELSE | F
(MCHOI CE. EQ 2)2 051N dgNTR NORNTS TO MODI FY | NSPECTI ON PATH FOR A G VEN LEVEL

N HRSTRYGRGHD @BCEISRECIFIGEMBYLE. EQ 3)

- CALL GAGES (GAGEHOLES)

GO TO 30000
DUMMY GAGE

DUMMY GAGE

~ CONSTRUCT A LINE PROFILE

'CALL ZONESP

‘GO TO 30000

NTS TO DI SPLAY PATHS ci@__GOOO CONTI NUE CALL DI SPPATH

CONSTRUCT A SURFACE PROFILE (SAME
AS LINE PROFILE FOR NOW)

CALL ZONESP -
GO TO 30000

CONSTRUCT A +/- ZONE FOR ENTITY

CALL ZONEPLMI
. GO TO 30000

CONSTRUCT A +/- ZONE FOR HOLE

POSITION
CALL- ZONEDUMY (I

GO TO 30000

DGAGE)

A\

DI FFERENT LEVELS 5000 CONTI NUE CALL MODI FPATH 25 .

C

C



CALL PDQNIT(Z) FI'NITIALI ZE F ON ELSE | F(MCHO CE . EQ 4)
THEN USER W SHES TO FI LE THE PATH CREATED 7 CONTI NUE 5- CALL FI LEPATH
L PDQ NIT(2) END IF END DO GO TO CI G MAIN MENUS CX190 10 I NI TI ALI ZE

P CALL PDQ NI T(2) SET PDQCON(1) K.F N_Cl. NUS | N CX190
CALL CLINK (PDQVOD) END 15 SUBRCUTINE88§¥5§éguﬁngég%bﬁpgogng§EOAD TO
COVPARE MEASURED DATA AGAI NST GAGESC@RLZQRREDARGUYBSASE)20 TYPE

NANVE( DI M) /D DESCRI PTI ON SUBROUTI NES CALLED: ANVI L VERSI ON
1.5 - USER WRI TTEN - LOCAL VARI ABLES: 25 TYPE NAVE( DI M |

DESCRI PTION TH S BGOPDCCONTINUEL 2 WHICH MEANS THAT IT IS THE
SECOND LEVEL OF | MBEDDED SUBROUENNEQSALLRpATEERGH ol b LRePOWEppTO CONTROL
RETURNS FROM CLENKS IN THI S LEVEET PbHcONQENTdAT GPHER ANVIL CALLS ARE
(1000, 2000, 3000, 4000, 5000) , PDQCRABLED ABEALSER TO PI CK INSPECTI'ON VENU DO
WHI LE(. NOT TERM NATE) END IF

CALL PDQINIT(2)

END DO
\_ 10 END IF
END DO
b.
: 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
v
IF (IUSER(3).LE.O) THEN
'NO GAGES/ZONES EXIST FOR THIS PART YET
o/

20 END IP
GO TO CIG MAIN MENUS CX190,
INITIALIZE PDQCON FROM (2) 10 (7)
CALL PDQINIT(2)

SET PDQCON(1)=3 SO THAT WE REENTER
25 CX190 AT THE MAIN MENU REQUEST



1000 CONTI NUE CLEAR ALPHA SCREEN CALL LPHA 10 CALL Cl GVENUS( 14, | DUV
CALL PDQ NI T(2) | F(MCHO CE. EQ 98 . OR. CE. EQ 99) THEN REJECT OR OP
COVPLETE HI T ELSE | F (MCHO CE. EQ 1) THEN 15 USER WANTS TO RETRIEV,
NEW MEASURED,. DATA Egﬁwlgggﬁbgg 2000 CONTI NUE CALL READVMEAS CALL PDQ NI T(

I NI TI ALI ZE 5 LSE | F (MCHO CE. EQ 2) THEN USER WANTS TO
RETRI EVE OLD MEASURED DATA FROM FI LE 3000 CONTI NUE CALL READMEAS 25
mupmnugk - I'I NI TI ALl ZE FROM 2 ON ELSE | F (MCHO CE. EQ 3) THEN
USER WANTS NALYZE RETRI EVED MEASURED DATA 40 4000 CONTI NUE CALL
PROCMEAS CALL PDQI NI T(2) - I NI TIALI ZE FROM 2 ON ELSE | F

( MCHO CE. EQ dypROBENIRE cx192 = USER WANTS TO DELETE ALL MEASURED DATA 5000 -
CONTI NUE CALL DELMDATA END | F END DO 10 SET.UP PDQCON(2) TO RETURN TO THI S
ROUTI NE ON CLI NKS 9999 CONTI NUE. ERROR REQUESTED TO SKI P OVER REST OF

ROUTI NE PURPOSE: MAIN DRIVER FOR NC PATH GENERATION

5 TO GENERATE A NC PATH THAT CONTAINS POINTS ON EACH
ENTITY OF A PART THAT IS TO BE CHECKED FOR TOLERANCES

MODIFIED: | o o o/
REARRANGED THIS DRIVER TO ALSO ALLOW FOR
5 AXIS POINT TO POINT PATH GENERATION

10 ARGUMENTS:
TYPE ARGUMENT i/0

=
 J

DESCRIPTION

SUBROUTINES CALLED'

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

LOCAL VARIABLES: | "
TYPE NAME IM -~ DESCRIPTION

THIS IS PDQCON LEVEL 2 WHICE MEANS THAT IT IS THE 2ND

LEVEL OF IMBEDDED SUBROUTINE CALLS AFTER A CLINK IS  _J
20 DONE. TO CONTROL RETURNS FROM CLINKS IN THIS LEVEL,

SET PDQCON(2).

GO TO (1000,2000,3000,4000,5000,6000,7000),PDQCON(2)
DATA INITIALIZATION
SET DEFAULT LEVEL FOR PATHS AND PdINTS CREATED

25 DO WHILE (.NOT.TERMINATE)



GO 'TO A'G MAIN MENUS CX190 | NI TI ALI ZE PDQCON 15 CALL PDQ NI T(2) SET
PDQCON(1) SO WE ASK FOR MAIN CI G MENUS | N CX190 CALL CLI NK(PDQVOD) END W't h
reference now to the data flow diagram f Figure 10 of the draw ngs,
stricture is shown in which the C GVA | es execute. The user or
operator interacts with the CIGVA system through one or nore

i nput / out put de\ilo%scd?ﬁ.m'u%oresented by. the user /O device 30 in
Figure 10. Thi's-" "device can any 41 interactive graphics

t er mi nal which  c&$K USERITE Pﬁ%lm&&c@mﬁ ME®Bntify t hree di nensional
wire frame i mages as cygll @@ﬁ@gl@rﬁmm text. The, drivers for the
I/ O devices and associated so tvvare routines are 5 provi ded by a CAD
dat a base generat or Shddn PDYINIT(2) A G 1/0 processor, seen at- 32
in Figure 10, is a further link in the interaction between user and

GAD data base poner AFSMEADTER RS’ 88, 0Bk . HorCE K0 o) G o e

interaction is exenplified by mmmm qoMPLETERMIT of the functions of
sel ecting individual Cl GVA noddiOeNOTe MLEOGW ¢ M ERIAr ONLIBSSUPNTHa FI&EDoar d or
by picking or selecting geol®®R DELETERsde®L8O DELURTE HOME (AT IFr e®NEON
of ~a gage. The CAD data 15 b&REATEdnerator capabilities are actually
used, in creatd pgeckt M@ SEEAEF A HOMEPOINT HAY BEERC CREAGMD /O
protessor creates the comands to activate appropriate ClGVA routines
and to retrieve data from the data base An interface specification

i provi ded toirt(goM2eI16AD mTaeNdor - uses it to wite subroutines

whi'eh al | ow the CAD dataaow%ox%wﬁ s, * Rulle "o Y5 K pare

HAS BEEN CREATED.
IF(PHEXIST) THEN

15 _ SINCE A PATH EXISTS, THE USER HAS NOT
: FILED THE PATH. = THEREFORE, FIND OUT IF
WISHES TO FILE OR DELETE THE PATH OR
RETURN TO THE MENUS

2000 CONTINUE

20 CALL CIGMENUS(16, IDUM)
o - CALL PDQINIT(2)

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

' CALL FILEPATH
s 25 ELSE IF(IANS .EQ. 2) THEN

USER WISHES TO DELETE THE PATH

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

- RETURN TO MENUS FOR CREAT/MODIF/
3¢C DISP/FILE

ELSE IF(IANS .EQ. 98 .OR. IANS .EQ. 99)
THEN o S '

" REJECT OR OP/COMP. - SEND WARNING
THEAT MUST ANSWER WITH 1,2, OR 3.

CALL FORWRITE(O, 0, 0)
CALL FORCERESP(Z, 2)
END IF

W
wn



into Cl GVA The routines resulting fromthe intefface speci fication
provide the neans by which CH GVA gefs data from the user -and
by which it presents 25 information bgsk)to the user. Information

(data) is exchanged t hroughout the Cl system in one of the \—J
foll owi ng ways as seen in Figure 10. 1. | nt ernodul e conmuni cati on i's
achi eved 30 through t heEEPEBVA main data base 33. 2.  Inspection

anal ysi s and statistical nesphte Bkesvs,tBen soMeneTrseds.from the
input/output files 34. 3. ' DPBETEOWHE HOMEAPOINTSBEFORE BRUTEREd from 35

various el ectronechanical in t] ] . S coordi nate
measuri ng chi nes, 'vis§§E§ hgggggé ?iﬁuﬁéﬁﬁggF? control machi ne
tools and aser range finding 8& C represented at 35 in Figure 10.

The CAD data base generator 31 of Figure 10, 5 is essential to nany of the
Cl GVA operatio I Oz 3D CAD geonetry as input. In . addition, many
of the CIGh%xgg%grg?$g%§gacreate and di splay 3D CAD geonetry as out put.

Cl GVA was designed so that END €RD data base generator  (i.e.
*Anvi | -4000, *Unigraphggsg - *CADAM 10 coul d be "plugged" into the system
The CAD data base generator _ _allows___the user._ to generate basic 3D
geonetry and allows Cl GVA HOME BT DORE NP EXASTc cCAD functions to
create andl0odisplpyp £AD geonetry. as needed. Through the CAD systenL_J
Cl GVA perfor h LG u ons of term nal display driving,
menu di spl ay gﬁﬁsgafga§%€¢f$g‘hbg?hcgﬁb ] GVA operates wusing many of the
capabilities of th@SERDWANSEcHD OBEATEI ANSPECTIAY RATH Cl GVA nmay not

realize at any popptr MBnbEFepaTBEEVher they are operating the CAD
vendor's 20 softmaegLQrctgﬁx(gge executing the Cl GVA sof tware.

15 4000 CONTINUE o
NOTE: DOUBLE USER OF S.N. 4000 POR CLINK & INSPCNTRL

GO TO THE DRIVER FOR PATH GENERATION

CALL INSPCNTRL

CALL PDQINIT(2) -  !INITIALIZE FROM 2 ON -
20 ELSE IF (MCHOICE.EQ.2). THEN

USER WANTS TO MODIFY INSPECTION PATH FOR A GIVEN .

LEVEL OR POSSIBLY JOIN PATHS ON DIFFERENT LEVELS J

5000 CONTINUE |
CALL MODIFPATH
25 CALL PDQINIT(2) o 'INITIALIZE FROM 2 ON

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

6000 CONTINUE o
CALL DISPPATH



A nore detailed description of each of t%f five C GVA nodul es

her ei nbef ore described will now be undertaKE%. The data fl ow di agram of
Figure 10 shows the five nodules as follows: the gage nodule 36, the 25
ingbébtion nodul e 37, the anaIKsis nodul e 38, the_job_control no

dul e
39, and the tolerafBbL BBRIPEIT(2. pescripti onIWETFAREZE RBRPMeR 3HroCeed

for each nodule including: 1. The nodule inputs. 30 - 2. How

the nodule works; . , d a gorithms are used. 3. The
modul e out put s. Aﬁ&é?@??éhﬁgﬁggﬁ f%@fggge&ﬁghule 36 of Figure * Trademarks
10 begins with ref USBRCWISHES e FILREpTHE PATHr CREAREDnodul e. | nputs

i nclude drafting notes and three di nensional geonetry. The drafting
notes are those depicted in Figure 11 which is a chart taken from the 5
Anerican  Nation@P00 SONRINPE for Di mensi oning and Tol eranci ng, ANSI
Y14.5M togetheg w t hephys papgpiivaus di mensi oni ng. The plus and ninus
dinmensioning is considered to__bhe all dinensioning outside of the
geonetric  tol eranci RALL BPQINKE(2)y14. 5M  The three 10 di mensi ona
geonetry is obtainegnpfngm the CAD data base generator 31 plugged into
the Cl GVA system TBe gage nodul e 36, besides asking for three dinensional

. gegnetric i nf or BNPoR® from the CAD dat a base 31, al so asks for
drafting note. inGor Mot cas MAGM MENUISe CXd&80a base *for the  purpose

of ™ eSt?blishﬁBQIKQEﬁriQ%%spbgcdﬁhe G GW  software asks . for t he
information in"a SpECifiC Sequence as represented by a nenu displayed to

the user. The mefBLpr EBRRINITHRY user to initially define the -

?at b, t he gprhp@BCcoR (di)Msdsiwenalsk $ORTMATING cI¢i MEhas I8 cxlibe part
(0] e .

CALL CLINK(PDQMOD)
END

15 SUBROUTINE CX193

' PURPOSE: | '
— MAIN CORELOAD TO COMPARE MEASURED DATA AGAINST GAGES

OR ZONES

ARGUMENTS: o :
20 TYPE NAME (DIM) 1/D - DESCRIPTION

- SUBROUTINES CALLED:

ANVIL VERSION 1.5 -
USER WRITTEN -

LOCAL VARIABLES:
.25 TYPE NAME(DIM) DESCRIPTION

THIS IS PDQCON LEVEL 2 WHICE MEANS THAT IT IS THE



di mensi oned. Datum definition involves assigning a synbol to the
datum (pl ane, hole, etc.) and then idenﬁ#i@«ng the -datum feature by
designating the feature for the progra i\.e., identifying the edges
25 and the |location of a datum plane. - Cl GVA understands the ANSI Y14.H5M
drafting text SECORDer 8EVES, OFhe IMBEDDED aiSYBROUTUNEr CAdLiSnedFTBR tahe
four form cha€hEVNBri E6i cDONELr ail\ CQQQROHWRQMﬁa§§ FROMc GILANKSy Idr THIS

roundness, anHEgﬁpnnﬁﬁﬂcPPﬁFoué - in Figure 11. The tol erances on 30
the form Char@et Qb' %nuoe Qeaug@e@ot,qotdme mfoq"@nq@@m%e' nbef ore -
descri bed, reater than about ten

per cent of5 AﬁﬁeUSEFoFQrgﬁgg JMS&E&?L9$ Uot her part features which are-
referred to tbe WBIULEY.NOFOTERMAMAITNE) if a location tolerance 35 of
anot her part feature is 0.006, the flatness - tolerance of a plane
used as a datum nust be no nore than 0.0006. Cl GVA understands all of the.
ot her draftin@OOQxCONmINUgure 11 which may be assigned to the various 5

part features. %%i with the input of drafting text to
t he Cl GVA systen1c§E§Pax cﬁe 5%5 taking place, definitive exanples

of which will bEApkeSbRASGIBAcreinafter. Profile tolerances, orientation
tol erances ;10 Ioggtboalgkghg@qnqqqnuqnd runout tolerances (Fig. 11) are.
all determned wth respect to--one '~ or. nore datuns. When '

specifying these tolerances one or nore datums need to be referenced in
the feature controL spgli@iIT(2)An exanple of a feature control synbol as
it 15 appears on a drawi ng depicting a part is as follows: O 0 .060

A B C The foregoing i.s expressed to the CIGVA system by the user as:

TP, CZ .060 M IR{MBHOCCE.EQ.98 sOR«aMOBOICEREROIi) MHEN tol erance of

.060 nust be consi dgES%4cT OR OP COMPLETE HIT

ELSE IF. (MCHOICE. EQ 1) THEN

15 USER WANTS TO RETRIEVE NEW MEASURED DATA FROM
MACHINE

2000 CONTINUE

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

3000 CONTINUE
| CALL READMEAS
25 CALL PDQINIT(2) INITIALIZE FROM 2 OK

ELSE IF (MCHOICE EQ.3) THEN
USER WANTS TO ANALYZE RETRIEVED MEASURED DATA



20 with , respect to three datuns, A, B and C. The datuns referenced by

t hese feature control synbols, serve to define the functional

requi rement of the features being controlled. This neans that the
degrebs of freedom of the controlled eytu}e are defined. 25
Examples of the application of datuns to a part having certain controlled
features may be seen with reference to the controlled part 41 of
Figure 12. A nun#@00CONRINVE are depicted in Figure 12 as shown on the
part 41 designated A thiagghprocMead a nunber of part 30 features
are also shown. ~Part 41 ha a rec%gggular sqlid base with s|n¥#gr

|l ength and wdth ~di nensCohd BB I 1.er heﬁgﬁt IALIGE, SROM 2

upper surface 42 of the base is de5|gnated datum A Part 41 also has
45 four simlar bos 43 e r on1datun1A and a fifth .
boss 44 desi gnat ed da?g‘srﬁg éF )itng%ghr&%é%ﬁ,\qa? %ﬁsé{ the base is
designated dat®dm C as sSGBR WANDShEO \DELHTEAIALS dlEAiS@RE@siDgﬂm ed datum
B as showmn. 5 A hole 46 centrally |l ocated in the base 42 is
designated datum D. Figures 13A, Brand C are chart diagrans of gages
which the CIGﬁNUUsFQN&ﬁNU§an construct for checking various features
of the part 41 OfCABLQWE%MﬂQT¥2 ‘Each of the Figures 13A - C has
fqhd colums a, b; ¢ and d and four horizontal rows e, f, g and h. It
may~ be seen that END A F, gage seen at Figure 13A, a, e-for the four
bosses 43 of the gmartpo 41 is constructed using only datum A in the

i norisi on w1 | 10na8d Uenbotonrd; ARAFelitni B B sl dopriferty fhppdd! the

translatlonal direction (XTT) , the Y translational direction
(YTT), and thgggd d@ﬁf?ﬁd%”al direction (ZTR). Reference only to the
A dat um does not t| e - ,

ERROR REQUESTED TO SKIP OVER REST OF ROUTINE
GO TO CIG MAIN MENUS CX190
INITIALIZE PDQCON
15 CALL PDQINIT(2)
SET PDQCON(1) SO WE ASK FOR MAIN CIG MENUS IN CX190
' CALL CLINK(PDQMOD)
END
. With reference now _eo the data flow diagrar
20 of F1gure 10 of the drawings, structure is shown ir
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/C
device 30 in Pigure 10. This device can be any



20 pattern bosses 43 down in the X or Y translational directions, nor
in, the Z rotational direction. The remai ni ng gages of Fi gures
13A, B and C have indications of th@‘ datunms applied to the 4
geonetric di nensioni ng of the: part ~ 41, and indicate the 25 '
remai ning degrees of freedom as a result of that geometric

di mensi oni ng. 1nterac80rﬁ| reraphicse terminain i mhichi oream| sodmmlaﬂn

modi fyi ng syr}@#l . Mddm mthﬁ@éen?ﬁl\en%s’éi*@me%

(regardl ess ature S|ze whi ch have an on the remalning 30
degrees of fréé&ﬂﬁ%@%walh@r%lm*l%rm%e%cﬁ’ﬁed T RIS £95tem

au: oma]E I ]g:al |y tHiet ey /0 negewieds t hﬂde L@é?éd»ﬁ]@ied rﬁ&ﬁxfﬂ@&to\%ﬁine@ agé ven
set of features syst.em en i spl ays i
functi onal i t[E‘y ‘geéié?yatq rf&en F347 RASF AT AEST r%b‘ﬁ‘?/ N 382 f’ne vibr st
case mating QIEGMA B/nmtpmssmdj edseen af un:m i admelFigage,10 2 isinber of
whi ch are see r syst
det erm nes elﬂ%é func? [ gﬂg‘i |5Cacuf° bae%y"g\és%et é/ofl?égd':at uarrl?sd and
nodi fyi ng syniﬂ@lhn a pertemgtionr debewem eoiede.tm 5 a:tyo a@l@ﬂﬂng ise
fol I owing rul du 1 R s Oa{wtsaesel?»ﬁge o 3phayn 1

arrous fea

| nspection_of tures art 4170 I gure 12 where t%e datum _

ref er enced orlGeorts ritelloi er Fishg 4%"-%1‘-’%%1*%“ is |exemphifind by I
referenced i%ﬂ&:éé‘éﬁ:r pUifernandit WWE  {de QddMiomy/stem §@I§@§1nd‘ hr ee

poi nts of cont.acj, en S and._the, matin art
dat um r ef eren é¢§§ éE%ﬂ@% ?é&i%s' tTREH . éygﬁé ?(ﬁ?ﬁﬁPQVwF
poi nts of comkﬁybdxﬁdMnr1Hynpnckxhglunr zxuﬂecting ngegomEL £ Aar tneeddd ?ﬁé

datum 15 ref erg c%qt% hf%‘-l er Ja%urﬁld@éy{% thg G\éﬁépiér/?tefﬂérhéeﬁsqé)@ae

poi nt of contac and prihary,
secondary landase ergéngsatRn untapakilikiesr sare scaokp by t ised datim

synbol s creating the gage graphics, but the CIGMA 1I/0 .
processor cfeates.ﬁhéuéommanGS'Eo 'acfivate appropriate
CIGMA routines and to retrieve data from the data
base. An interface specification is provided to the

20 CAD vendor who uses it to write subroutines which
allow the CAD data base generator to plug directly
into CIGMA. The routines resulting from the interface
specification provide the means by which CIGMA gets
data from the user -and by which it presents _

25 information back to the user. o W,

Information (data) is - exchanged throughout
the CIGMA system in one of the following ways as seen
in Figure 10. -
' 1. Intermodule communication is : achieved
30 through the CIGMA main data base 33. o
2. Inspectzon, ' analyszs ~ and statistical
| results are written to and read from the 1nput/output
files 34. | N
3. PbSitionaI' data is sent to and read from
35 various electro-mechanical inspection devices, such as



respectively to appear in the feature control block. 20 They appear in
the right-hand end of the feature contyr bl ock as seen in the gage
charts of Figures 13A through 13C If -the atum referenced in - the
feattre control block is a datumfeature of size, such as a 25 hole or a

boss, then the gages of Figures _13B and _13C apply. Jf, the nmaterial
condition ref ere%c "I%tegt MRS T Mt er'I'%ﬁshb’b%I tion ¥R or SXftemsgs

seen in Figure rifiRricdien cedntade dedchins t heogds medys dalawer t heakyENA
systemforces th i f et 1 b, I to the
axis of this ?a@tjdrﬁ%é)idnéﬂ%ér%eé%nee%%%%ds..é)t I?‘?s tﬁ‘e deﬂj% i@t he
secondary datum then tIIBle (ﬂm@a‘tsaysbm dJeneraton hdl mf i nfigpeet 10,
feature to fallswd higsddHtsi £iat wp 'ﬂaﬂ;heofjaél%ﬁnci %Qip&‘%@ioﬁ pividiRy!y

~surround the datumif the.datumis a boss. 35 Simlarly, if the datumisa

“tertiary datum 3Yh&AD tgRPMetny Ak ingltem Ir @A4itiRN, nehaty Qhrtthe

- feature to fall wgidNa tdpexatddnen dfeatdcandladigpldys 31 AW deomeXry tds
totally surround the atu?ﬁé‘?the dafumis the boss AIter.natl\_/éa

: I | f
the nmaterial R4 o Bt gfsigned so  Jhal g1 s LARy %‘é@ urkasg ze
(RFS or S as seayenerdtiaqure (li3@. t heranv¥il<44000 ; ef eUreigxaapltlicdsim i sCADArE)
primary datum I . SYLSt C xi.s..0f the,mat] part. tq be
pa\g_g.l lel to th%bg%usq% hlp:llgéaq%ér)r{ |ﬁ%%?‘§leeaa%£ﬁs esﬁ'bngr,hean%ﬁgre T s%%see
mafing 10 feat ur genesmtomans|atlions wi tihie t liser dtumgengrateot Hersimr 3D
the mating fealgddhedrsy SHdWPALGHL DYCRNRPH S P YhaN A Alnsic cap

conpression spring which forces the mating _feature to take up space

bet ween itsel f. arfdR%He UM umt© Thi%F $ALE baltefisPIAYUIRL3ERREEY a @S

tapered 15 pin 4feeded. SEyougionsie uates  ystdie aommMxlepad § s Whake
ngdd?;u'[n h(E-,) ]ggg%] t#agslzl%n![l%f t etdunhcot'!ieo#ses) oog éehremilona:arlt d:i.4s1plc31031}c th{&“nrge, mleznu S

display and data entry. Since CIGMA operates using

many of the capabilities of the CAD System, users

interacting with CIGMA may not realize at any point' in

time whether they are operating the CAD vendor's

‘20 software or they are executing the CIGMA software. -

A more detailed description of each of the

N - five CIGMA modules hereinbefore described will now be

undertaken. The data flow diagram of Figure 10 shows

the five modules as follows: the gage module 36, the

25 inspection module 37, the analysis module 38, the Jjob

control module 39, and the tolerance module 40,

Description will hereinafter "proceed for each module

including: _
_ N 1. The module inputs.
30 - 2. How the module works; what it aoes, andé

~what algorithms are used.
3. The module outputs.
A description of the gage module 36 of Figure

 *+ Prademarks



bl ock. This may be contrasted mﬁth the boss 49 shown on the gages of

Fi gure 13B where the MMVC synbo

wherein the
the materi al
system forces
datumis a ho

tum

sed Remai ning with Figure 13C

RFS or S caII-out ZF if the datum ‘to whic
condltion applies is the secondary datum then the Cl

td1e Rﬁréhfeﬁéﬂé cﬁ%}t %d%f a“e V\iﬁé}w%ot hgodat Ug])lf the.

Ie or - totota Surroun

expl ai ned forWQQRQE1N|1ﬁ9%FS(kﬁQkﬁ¢¢1Q#ﬁ%tkm56n¢M§%nmm@fbheeeth|s prevents.
the mating fmwrglmltfﬁm%iﬁ (Fithe 1@€affimgn ﬁé@é‘é'aﬂ@gthp@{;h'“

thedaum]ln
f ashi on,
applies is ﬁh
-mating part
or to total

the primary dimemsissdmglary The urplus swoid mnusratdermahs:.onbmgh tisen

assigned to a
48 on the

on the part 4
ref erencedl0i
applied to dete
respect to th
pl ane, then i
di aneter, .06
control s the
part nust mak

rt, 41 of Fi gure

#|ﬂ S .C

Qntee:r:lcaﬂy dwtional herstarhl?ardJI GMfor syspaien®ié8sngt h&no

1E8 @ chagts taker sfremcobBetion .
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SO QLT BEYNE | IndE 0O IERNE 2 o 2PEEEE P11

E%@F‘eé’rrﬁcgur oleranqing e%pl'é‘sll\héﬂ- FMuns Thee three

dimehsiomRdl Wednetty Oli | WHeaides f of eiRi Nthd “'@ﬁbca@apﬁ
b rmne the preél se functjonality of the rmating part wt

AEELFFPEL 358N g Lo SHMEAg L A Y CIEMHY i FHF5FRatum i s a
f the featfhee aanter olmddudek BPedes idded rask NG £0ONthree

S1Melte 080" sOmTede * AR A 0 68 (e lha

basent 3dt» oR1E® t laSks rﬁoare dnaﬁ;nqgammse dfnfdemat ore fron
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e

referencedlssthe Rat@er paddl UPordNd e Mdrppsd’ T  iddanPsn Al oned

tolerancee. - The CIGMA  software  asks for the
information in a specific sequence as represented by a

‘menu displayédfto the user. The menu prompts the user

20

to initially - define  the datums on the three
dimensional geometric display of the part to be

‘dimensioned. bDatum definition involves assigning a

25

30

35

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
and the location of a datum plane. CIGMA understands
the ANSI Y14.5M drafting text.. Therefore, the datums
are further. defined by the four form characteristics
(straightness, flatness, circularity.or roundness, ang
cylindricitf) seen in Figuré 11, The tolerances on
the form characteristics assigned to the datums, as
hereinbefore described, must never be allowed to be
greater than about ten percent of the tolerance
allowed on the other part features which ar: referred

to the datums. For example, 'if a location :olerance
of another part feature is 0.006, the flatness



to tramslate and rotate, ‘but wll be constrained to remain coplanar to
-the datum surface A. An exanple of such a dinensioning result my be
seen 'in Figure 20 13A g,a which depicts qt ting part (gage in this

i ns nce) for the.part 41 and which may tra qFate inthe XT and YT

directions and nmmy rotate about the ZTX. It may al so be seen that for
a feature contkahdhlatid o2l pldhne Qaed i o Rk Ofugl 2B Cng 040 e
datum 25 A, where A is a plane, 'the mating part or gage of F|gure

appl i es whi ch aIIGﬂ@ PP&H&Iatlon of the mating part relative to the part

41 of Figure 12 in theigdk ander¥tandly e@11oNDf anthe oHrlr f&}a?é%ﬁg
the ZT access. ©Mathe tlcall%I qe g& m A reduces ., the, anount 30 of
Figuse o

al l onabl e ot i of S ofta RaA¥e PErASSHINEG R FilGectYaFiows
- plus and n1nus5tpamtlatEeatamdsthreeSymwmuwwemuslyofw;nhusumujrmuput of

rotation) to thr ree re nsl tlon al gn

rotation about Z?@agan% ie‘} ft %q’%mﬁ:&td’% 537‘ Gt urﬂy%é;azf q’ee% a Hoss,
“the synbol s thlngorplaCS: d&ﬁenltuyed exagplelser @ifnbahdran desicrli bed.
- 1f the material. ?Q@@'Eb@?h%QQQMaT%QrOH the primary datumis at NNC' (M

- ) the feature ontrol m-ght ook as follows: 5 0
.060 M DIin the f&F8§dilRy. trderanges , sorieskadkdonas mmayqqﬁ.
Fiigyre 12, physi qalclah@@nt Pc@h%rhhe:esorlamt atriupidutol ¢ d1lee ailelsNd (@8, flqr)

thé part 41. The _axis 9 %dpa S forced o be parallel to
axis of the dafdfh 16 IJfo etBrmm Wik eﬁ?@‘:tpl 949 °8% th@rgagé“%e
Fiqure 13B, e, a i gaftarced t Whiea papelklifly ine th&e&kl&oﬂhrhh@e@abmm dﬂﬂmbrd)

Once” the. datum agd . {,he g%glngopgrt Q%&e&gﬂc%%ge% r%h%rl%%%%%r%prrqq rol

the mating features are Fansl at e ~and 1ot at-€ With
datums 15 where SH&POdr.e hémese§@@wlss lf and eaguger comta alhsymbol as it

- 15 appears on a drawing deplctlng_a part is as follows:
0O 0.060 M A B C

The foregoing is expressed to the CIGMA sYstem by the
user as: TP, CZ .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 ef the features
— | being controlled. This means that the degrees of

freedom of the controlied feature are  defined.

25 pxamples of the application of datums to a part having
~certa1n,controlled features may be seen with reference

to the controlled part 41 of Figure 12. A number of

datums are depicted in Figure 12 as shown on the part

- 41 deszgnated A through E, and a number of part

30: features are also shown.  Part 41 has a rectangular

| solid base with similar length' and width__dimensions

and a_.smeller height dimension. The upper surface 42z

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



-datums and translate and rotate around the datuns where they are bosses.
Ceonetrically the mating part is allowed to translate along the XT and YT
axds, and to rotate about the ZT axis,ag’seen in Figure 13B,f,a, 20 for

exanpl e. However, the mating part 1is ys held within the datum
-datum holes (D) or is always held surrounding t he datum for dat um
bosses (E). Mathematically datum D reduces the anount of .all owabl e

motion from foux @dmides dbssescddomxtendingliupyardiy Xrawndatum A at
all, to lBheca rd8ehessseolas fde%@@@te@%é palgy, aor?@t%{@i& f

boss l[imts thggannunt of tran ation anbun of

the devi ati onSh8welf - the dQ@ﬁﬁn f d& udesignated 4 qtrﬁj“ paﬁft ﬁ%aﬁhﬁ‘én 30
If  the natghbghercoeditiical side tifie de¥idmitedadatans B atas Righowgeen.

as S , then h fegture nt bl.ack | d ap 0 .060
S D ,Ewﬁereho%e i‘s%a ﬁ&l"g qB’os§° altr\,\fp‘fhe"}axgﬁiﬂe 4 tnis
herei n, datumieBighated datum Das seen in Figure 12. PhyS|caIIy t he

hol e 46 controls the O%Egﬁ%?ts' (l'}Aqt ﬁera%dmtd n%&ar cf‘g{%z/frﬁ o, la%o%"psgogéé s of

the mating part to be g axi s of
5(nce the dgeges anwhiche ke ng CIGMA sysxem(mnaanenbnsnnwntlyfor t he

mating feat ueseckingoohhoakl ?%@ur%% o ?&bmaaeme .ﬂX' ot ngdéhed :

by the datum transl ation al | one W th

NlherelnbeigrézdescFFSEd ofhi §hes ﬂ”ﬂ&ﬂﬂ%ﬂ%ﬁﬁlﬂ1qqﬁﬁﬁ%§QHIZER@QDQ# szlgﬁﬁ/.
rotation abob} cthfd dTanaxifsuenhpriizodthanedwsiiys £t e 4 freat urg

e e o gl b S ohB R ot B Bech At G 1S e ™
uncontrol | ed fstxthdefoeresbostes f3eedohes pardi tiddn ti®z a conxHrudtagd ee of
freedom condi E\sPHgZTgnl;hedagbﬁMﬂ‘A SY3 ¢He %%%irx@%ol%’r@n@%s of g die
15 the gage will have four holes 47 and the dimension |

will have three remaining degrees of freedom.in the X

translational direction’ (iTT); the Y translational

direction (YTT), and the 2Z rotational direction

(ZTR). Reference only to the A datum does not tie the

20 pattern bosses 43 down in the X or Y translational
directions,fhor in the %2 rotatlonal direction. The W/
remaining gages of Figures 13a, B and C have '
indications of the datums applied to the geometric
dimensioﬂing - of the part J 41, and indicate the

.25 remaining degrees of freedom as a resﬁlt of that
geometric dimenszonxng. Sometimes the - datum
~indications also contain modxfyzng symbols such as M

(maxxmum " material condltlon) and s (regardless of

feature size) which have an effect on the 'remaining

30 —degrees of freedom as will hereinafter be described.

| ~ The CIGHA system automat1cally determines

what the functlonal requzrement of a glven set of

features are. The system then dzsplays this
functzonality by generatlng a three dxmensxonal model -

35 of the worst case matlng part, sometimes called a



ANS| $tandard di mensi on call-outs as menti oned herei nbefore.
Referring to Figure 14, a machined part 54 is depicted having an array of 7
hol es. i ndicated at 20 56. As seen in Figucék;4 the datumBis alip or
bos§/on the part 54. Referring to the bok call-out, it may be seen that
datum B i s not nDdified by either a maxinmum material condition M  or

a regardless Si | | o] nce t he
25 condi tion f%éﬁiiﬁﬁ%l §§§eh ta ﬁ%ﬂPlneaf Jn% Ié? §£€Tthﬁu o%nes
such cal | - out andl3é:caﬁno§ndhe¢eforﬁhge GIGHbquydaemn1 déhermanesmnuthk
hold if B ‘Mﬁ;uﬁﬁefﬁﬁiﬂﬁrmiéhctﬂ- a 9¥y”“f$rthgﬁffoégtaDBFard uf’s and

00. M D B The System 3 ecogni zes e error,
i ndi cates it rﬂ°@+iyln%y§¥@ﬁﬁ¥ﬁsbm ay Paéﬁﬂcubﬁénp?éd?he REcrPrecedencet

t he tol erance cajﬁycnpplyhﬁﬁnxﬁﬂ f@ﬁj@@;ﬁ@Of@pegtloned proper form Wth
reference to Figure 15, a tandard ca for

wn
threaded holes 57 in the arﬁ ﬁﬂﬁ?elﬁ°tﬁb9%5?ei§ﬂfaﬁ%?%?sar%r%h°w"
toleranced at fomximspection cof Waricosdféavuses of Withe pars 43 opt

outright error fr t 'nt f a r

hol es are threade];p u{gur%?hﬂca. é hg %@requ?égéﬁgﬁgurenggf géoméﬁfﬁc
t hread peaks and tokerRARGEiRGOLS admlane forIf ctiné ordaber. refghémceds is
cligarly inpractocgle frgfim ha&umneaéyéer@f&m fsre £dPfes three

st andpoi nt . The generate systen1|nspect|on recogni ze t
maxi mum nat eri al RAPLHRE confact ihgtween neE’éIb%l |§ab\1’6pe¢“%osﬁ¢ orfali R

tEU:‘xed Bastfnqsarlp whi g W.Hé dﬁl%ﬁﬁ)eréfl@reﬁ@é@a% theTé@coﬁaﬁma ur.,
e or & 01 P! 2 B I A8E HLPeyoLeD 1ooReet 0P 9305 L | Dfivees
substitute S farhisV adattdme hadmed di ankeé ermatireg popatt on tDf ernee. ddttum
The gages of ag%@feég’tfbed Q& &P Wer PlaryN€aatum, the crema system
forces one po1nt of contact between this datum and the
mating part. The primary, secondary and  tertiary
datums are the first, second and third datum symbols
respectively to appear in the feature control block.
20 They appear in the right-hand end of the feature
control block as seen in the gage charts of Figures

o _
13a through 13C. :
' If the datum referenced in the feature
‘control block is a datum feature of size, such as a
U

25 hole or a boss, then the gages of Pigures 13B and 13C
 apply. If the material condition referenced is at
maximum material condition (MMC or M ) as seen in
Pigure 138, then if the datum is the primary datum,
~the CIGMA system forces the axis of the mating . part to
30 be patallel to the axis of this datum in three
dimensions. If the datum is the secqndary datum, then
the CIGMA system forces the mating part feature to
fall within 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 is a tertiary datum then the




system di splay with an XYZ coordi nate system and only depict the controlled
features onsthe part they are constructed to mathematically inspect.

That is why the relatively sinple call {_gl)t which references only 20 daw
A for the part 41 of Figure 12 causes the Cl GVA systemto construct a

relatively sinple gage as seen in Figure 13Ae,a. The gage just

menti oned conSIIGMA osly\stem f(fmcera)l ahel7 natirigef %mﬁmfsﬁohdfan

may be seen t e e Fi g e 2 uses as
datuns the pl gﬁtghklﬂ m hol ﬁlhe&ﬂéoss NE""? i3 rb L S gure

12. Therefor §°tPI4éYh§Né§°¥T‘da;¥;§’@ardﬂztd§létﬂferthﬁ tdattmls mp@reacqum. 48
(because the datum D i ;m@@d‘altqq,e@y t helf RFS‘t y”th%lter d]}f %ﬂ‘ﬂil@l%
1fie e

t apered hol e 51 because the datum'boss O al so
RFS synbol P ée“§§§e ig @t eatﬁﬁ‘@’-’%ﬁ%ol"f &aatug §14Q)r(RF|cﬁ|qrary

secondary andsteasl seyenplmn@s.g&rdB lfaui)d GHen Sfpwrtﬂt? ﬁw&dcel?ﬂ%téél% .
wh in fl 5 VI e age for force ontact w
datums C and® penfospRimand Fabling il Lo HE C e fdires ¢heatys

di spl ayed wi t hfe&be oating pardages bef pgarpllal ®3A the Gx_ﬁ spfyitds t he
three axes ahgggm\/\hllﬁh Hﬁ%@' a@lﬂ%n@l%n%bomafn%' %B:eéroﬁtﬁ tio ﬁl}ungﬁade

in accordance rees
t ol eranci ng® geature fIOR trewd@tpxusbmthﬁn thimee da‘umm.tlorlm ‘@therhe

I nspection rrggyhg 3¢neof maEIl Erefe%(%urew' 5 I ﬁ““. : ‘%ﬁ Lﬂép%l‘ G leg Thg

I nspecti on ges of Fi gure 13 C are store r-as :
her ei nbef ore B&BcPPbBR PAI2ConCOMPLICHFLIAN t PRHA e digh i (ft?l’(ﬂe‘t héhgage

modul e 10 36. mAtihgeefdanamel omﬁl tahl m@e%@aﬁ it wilerd le;sl@rf\tNaaing (t)E]‘fxet he
ooe?Shepe. SolhRAR-CE AR BB P SRUP oS sl Mt T on opted "o
sensor conlﬁgpxatléﬁ (pSObshawnayponﬂﬂru@&pdndomn ttihe qh@medepictions
when the datum D (centrally located hole 46) of the
part 41 of Figure 12 is used in the feature control
block. This may be conttasted with the boss 4% shown
on the gages of Figure 13B_where the MMC symbol M is
20 used. |

C

Remainihg with figure 13C wherein the RFS or N
s call-out is wused, if the datum to which the
material condition_ applies is the séeondary datum,
then the CIGMA system forces the mating 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
ptevents the maéing featuré on the gage (Fig. 13C)
from translating ‘within the datum, in this case datum
30 D on part 41 of rigure 12. In 1like fashion, if the
| datum .to which :gga:dless_ :of_feature sizelcondition
- applies is the tertiaty détum, 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




15 of the part. The cluster 22 of Figure 5 uses st andard hardwar e obt ai ned
fronrRenrsham/Cbrporatron One type of probe 22a is a shank with a ruby
tip. . {The sensor is pressure sensitive and is noved from point to point

about’ t he part being inspected on the robot m 20 ~ The Cl GVA
sof twar e now  goes into an |nspect|oH' ath definition. There exists
two options for the definition of the inspection path. In the first

Oﬁtion the |Olr3 euhausls)éco@kafalrsredgattmmtsl calsuchand amsuh Watetf:lﬁatur%@mdx@lion
the part to be inspected -as prese t he stor i nspection
gage are used. Thés§ﬁ§%§étl6ﬁ gége% g ﬁé#é%ﬁ% %ﬁ €Y& 3@ é?gtﬁégéD
and T call-outs f feeatulre, paperedr pinngs8 an ithey gwgs& mﬁ mhqureADl3c,

presentation t|p f&&ﬁonQQESIaE 5@? %Q%%HEFEhe-Eyi ?E&t A of

appropriate t he ure crea
| ogi cal path in5tRigaredilZeddi ¢hds ﬁdﬁmnlﬁspectron- of the features

required. The requrred w&%%tUH%%qurea&QOSQé@@ﬂéﬁc%Be qﬁvrshpneqegsure
critical and rmajor the inspection gage. Thuys, in t i's optlon

i nspecti on gage nﬁeélt§°35 zli’rl@%ed the (&oseediog hé"ﬁlﬁsspé’&q gaptie
an alternate oOpQ@etRrmipe th@ebﬂ@dﬁie ﬂdﬁéﬂl@%ﬁﬂﬁ&&obfp&ME hh&lm@erpamb

operator picks the part feature i.nspec e twaqre,

ha&i/ng know edge wit respect (F|°u§th§r fea&&;% f’]" gor%:on'?; t‘ﬂe‘ﬁ%fs "t tne
deST gnat es thao PlRAmATY aﬂlae:unpmsba ;tlrarme,zzaen iif thiee feastugre 2ZRNtrel
be wused .for Z’ﬁ%%tkl ogpﬂ% tsha gul %‘érxetl%ddq1% he dsrbspeptlon

path wth refer ceto containdd i'n t nput er .

this“poi nt five pwhsirealdasamr A e@t @ré’slarm)b t;@esermse@a&}y Gf-tlﬁe nlede

the user definabl gohRge1df idkePedr ihdidtibrieldi he; mdtihe pditeadethas
features, bores, bosses pl anar surfaces and edges. The _. ‘inspection .
path may be " rro&ibRite Means i, the mating part must make ontact on

15 the three high points of the plane A referenced as the
primary datum, and the mating 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,9,a which depicts a mating part (gage in this

— ' instance) for the part 41 and which may translate in

" the XT and YT directions and may rotate about the

ZTX. 1t may also be seen that for a feature cpntrol

L " block call-out of true position, diameter .060 datum
'25 A, where A is a plane, the mating part or gage of
‘Pigure 13A,e,a applies which allows translation of the

' mating part relative to the part 41 of Figure 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 tramslation and
three directions of plus and minus rotation) to three
degrees of freedom, translation along XT "and YT and
rotation about 2T. o " _

'35 - 'If the primary datum is a hole or a boss, the




‘nunber of ways. The user nay indicate the portion of 15 the path to
be nodified on the CRT screen for the systemand enter new coordi nates

fort any such path point through the system keyboard. Alternatively, a;
new poi nt or coordi nate nmay be added inj;€he inspection path by -
positioning the cursor on the CRT facé%é?hthe 20 new point and

entering It t hr ough a -keyboard el ection. Addi tional ly,

i nspecti on paSymheil& s My bdel etSed byamesi gresd ng ashe pmwxmme
del eted by th on e n _at_.t he
VB Yed . ﬁﬂ‘ tH?an{f¥¥%liFEké%é?gﬂpﬂgggg? SIL 4hs,

keyboar d. Mbdi fi cati.on
path with r&5iM@rs% @at"&bdrsozi?n MG arfce™ B/erﬁh%orﬁmunﬁat\mtralprobe .

22a and a padiock MiYHted okOaRIFAldwa0si tioning of the probe at a
nom nal di stance from the inspection point known as the "approach

di stance". After inspection the probe 22a 30 is Wi t hdr awn t hr ough
what is c@&led a "rdéract odix6dncet. Bagh of these distances may be
altered by selection at the keyboard to thereby nodify inspection
path manual ly. Now t hat the |nspect|on path is defined, the 35 ClGWA
software entdfs thee ifereseiingn tdeh dolent dt6i,on showr o@ssBatufh® liacat i on

of the part pigure 41, ngh ltc%'lﬁybmofq@ ltﬁﬂa the ﬁ%@yﬁ%nen ? Some

appr oxi mat e pr edet er m ne ari entation req WI t hl\n-J

t he machi ne eW@éPBﬁe &?‘&ep|8FedtGﬁ t PArERE LS s&&@eﬁxh§o°ftwa@ m@hengpart

is in an pamtl &Bt ForoedapRr e Iiﬁ&%'l\lelk't@’\ﬂ‘the aki® Jd¥ ORge Claughgr 1S
known features

noved to t par ertail eas che
of the par?uwﬁoﬂ tRé &P“lgarﬁygucﬁ%§n Eﬁpeﬂﬁapmoﬁhe ®aEnPtefigyre suck’
feature conbiaabeoasstfwhceh wiol beppavriaddedri et attihen aixdent ioffi CahieoOn

are any thre an a pIa a hql a pl.ane and | i nder
are any aatﬂh ﬁ%le p.P.C ngfo%ﬂf Wg um AnE ehd Ratlhg?part (or |

the gage) a:e or1ented correctly, the mating features
are allowed to translate and rotate within the datums
15 where they are holes such'as ‘D, and to surround the
datums and translate and rotate around the datums
where they are bosses. Geometrically the mating part
is allowed to translate along the XT and YT axes, and
to rotate about the ZT axis as seen in_?iéu:e 138B,f,a, -’
20 for_example; However, the_mating_part is always held
within the -datum for datumfholes (D) or is always held
surrounding the datum for datum bosses {E). )
Mathematically datum D reduces the amount of allowable
motion from six degrees of freedom,' affording no
25 control at all, to three degrees of freedon.
Additionally, a datum hole or boss 1limits the amount
of XT . andéd ¥T ttanslation by the amount of the
deviation between the. datum  feature and the mating
part feature. . .
30 - If the material condition on the primary

datum is at RFS, seen. as S , then the feature
control block would appear as 0 ¢ .060 s D ¢

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




Fol'l owi'ng the orientation process for the inspection path, a
calibration process for the probe cluster is 15 entered. It may be
|nag|néd that the probe cluster itself is constructed with certain
tolerances on the actual |ocation of the pb6De tips 22a relative to the
cluster body 22. A calibration artifact is |ocated on the inspection
machi ne bed. The dinensions of the 20 calibration artifact are
known preci sel yhersi@ paatdim| &t df | & bhIght 3R/ e8P t HD aftigurer By -

the machine and ph@%ﬁfeamryob&hetl Fholles 4dardw&ftto1|swttq:ecw”rtmitafuﬂdh g€ the
artifact. Wth qQwl edge ?’f 5|or1 gff thecllbratloq:
artifact andt h@#é’é.’sq”"%rfén tscéﬁ@e axi§ 0F Hh%s ar®®
identified and b(eormxarsaitlledn tal udshear exsitsoroddl thoy datbmechodru (c'qz]olbqsi)i.on

to actual i nspegtdf%g e %i.g %Cgﬁtﬂ,&f “H%ﬁ'dﬁo Q-Q;t rQlpd™dy 8 e it g

seen in Figure nom1 e un control 30 portion  of
Cl GVA defines se@edmecHlyy, tHdhe smapdnahifEatare desiody f @llaved to

specific  ]ob. Plidiiate Gbo¥t tHeaxPeC Wdtaiblished Sy {fihe Cdd¥hnbyst 4 i s
i nformed of the i entity of a certain kind "a machine which wl|

attached to th&rangdation d& adblonad asa dlri'h nridtgq  IIC MPrﬂérﬁ’@&]IW

controlled mlli mm&iummnmx&tﬁmhecbms ATIAQd sergvwdd iim  Figure
i hlustrative of control | an uaqg tilize in é&m& stem
r?e‘g{ Eh & )’

The. .
ATTACH cormmandt@ § z?%e axs’rfecﬂrﬁyedsuVM
or DNC nachi nealld%m mrms,A'tmnPs:me isspe"sieﬁmuitoer.ed im tdhe=8JOB

file, the speci Chl ng, r}qﬁ% X
sys\r/em - The dewngsce{ name use(iaehse“[dr}{1 nﬁﬁter Weékcat i on proce"?ﬁﬁééﬁ\ rmsft
be defined by #dowaddiecamotimte be@*@qmumrm" Parthi 41 @angorics mating

externally to t If3dm  ad Ouncoht¥Bled « die dbdrddN GM mFrL&ibn e
file mght confain the follow ng command: ASSI GN C3: Cl,G NMACHI NE.
Some  oper at orl5 condition to a single degree of freedom conditiom ZTR.
The CIGMA 'system checks the syntax of the
ANSI standard dimension call-outs as mentioned
-hereinbefore. Referring to Figure 14, a machined part
. 54 is depicted having an array of 7 holes indicated at
20 56. As seen in Pigure 14 the datum B is a lip or boss

! . : , on the part 54, Referring to the box call-out, it may

N
. be seen that datum B is not modified by either a
maximum material condition M or a regardless of
feature size S5 symbol. This is error since the

—/

25 condition of the boss is not  defined completely
'without one such call-out and it cannot therefore be a
useful datuh; The same would hold if B was a datum
~hole. The box must therefore appear as '
-0 00 M D B S8 - F . The system

30 recognizes the error, indicates it on the system
display and prompts the user to correct the tolerance
call-but to appear in the aforementioned proper form.

With reference to Pigure 15, an ANSI standard
call-out is shown for two  threaded holes 57 in the

35 part 54 whetein the hole diameters are toleranced at




‘i nstr.uctions
These I nstructions are machi ne t ype dependent. When the

requested actions are conpleted, 15 then the job execution continues

j ob=

are given at the time the "ATTACH' is perforned.

If the nmachine cannot be successqugj at t ached, t hen t he
term nates. The following 1illustrates job control |anguage
used in conjunction wth the ATTACH conmand. 20 FORVAT:

ATTACH | nachi-riRaximm paRbherials:  Jordh: ieng ype] Winble nbh;i#ne:LStypa:

I N odtieig lﬁT%ﬁmd e b@té)ﬁ@%@inﬁ heof 0l {108 NG5 1 Or ance

execution

specified
Cl NCI NNATI

DEA for the

o S| MILATE
pronpts for

1|ty

f or nc nnat i | cron i nes o
e e, B e BNC20on abtie x B ot bioen o
fuuld aéquigre ambsdmimmlm KBS hdded sipadié e dmghi ife

{ to 30 mul at e  neas red dat a collected
from a machi ntg‘ate%d Thi °°t§ S f<U"sef uqonﬁ%q,ma nbs t Ht e e

0 ECHO for tednmpractik@lS. frofhe b&MHO a naaine awsur emértt eci’eusd back a xn&rfect

nmeasur enent .
when a part

5

I nes.

 SEpdSe LS00 et oot Chandhbion Ak LR LLY

QUAA | RO gNireO the vsRHL BN M3 tRatlal NeavEERUspeciZlkes thate t ool

nunber to be sal eGiBddr i

is | oaded
att ached.

R P

T f I I
[ nto .the SPI NDLEhQ i %XHOW dﬁ%hé Fra}hl ne is t'f‘a‘g»’r(.zrt o0 o

15

20

whigh Wid1 ghgage the tﬂb‘e?@ datﬁ’efls’ri@t%esthetrﬂﬁ“e_

displays a warning that the system inspection gage
will be generated at °®regardless of feature size®

nd

nl
[»D)

®

prompts the user to substitute S for M at the hel
diameter true position tolerance.

The gages of Figures 13A - C are shown on the
system display with an XYZ coordinate system and only
depict the controlled features on the . part they are
constructed to mathematically inspect. That is why
the telatively'simple call-out which references only
datum A for the part 41 of Figure 12 causes the CIGMA
system to construct a relatively simple gage as seen

«

in Pigure 13a,e,a. The gage just mentioned consists
only of four holes 47 in the datum plane A . It may

' be seen that - the more restrictive call-out of Figure

25

30

35

13A,h,d'uses as datums the plane A, the hole D and the

boss E of the part 41 in Figure 12, Thereforé, the_

holes 47 appear together - with the tapered pin 48
{because the datum D is modified by the RFS symbol [
), and a tapered hole 51 (because the datum boss E is
also modified by - ‘the RPS ‘symbol). The gage for
feature control . call-outs for primary, secondary gnd

‘tertiary planes A, B and Cis shown_in Pigure 13A,f,b,

wherein flanges 52 and 53 are provided on the gage for
forced contact with datums' C and B respectively, 2
coordinate system is also displayed with each of the

N/

;)



contain a tool change or if the CAD nodel NC tool path does not specify a
TOOL to the post processor. This option is for use on DNC/ Cw 15

or .\DNC machines only. It is ignored on all other nachines. RELATED
OPERATI ONS: An ATTACH mnmust be used before ’ZENC or CMMtype conmand can
be used. If.it is not used, 20 system related error
w | | be reported The DI SCONNECT connand may be used to free the

device for use b here Ri M2LEG A 9 ATE _25
Thi s informatrony\%?Pgts of B;gﬁ?%% 1§§A nach ﬁg@?@’§§§btag§ #gygﬁe ???Fem
serves as a "wak@l@pg f@%lphe sy snshatins s?@@enﬁbh@m Uhechtestﬁheon may

cal-ibration procepe dpagel bed Iacee@uuaeel091Whthrbaelh@ﬁgectheaxﬁeéul90%7
30 CALI BRATE i s -al | lustrative

control | anguagefreeERM ERR Ea fiter $94@r@9ciBIsure the actual geometry of
~a probe clust®& 22 opriar Eesusept1oﬁhe ofyst eRe I egunce3onkhabsal khe

probe tips 22a be d fore they a sed. to asure part. | f
5 the exact proﬁg’g §§5§é§ %Sdglﬁn | ?ﬁguagsigﬁ ofwﬂﬂg pPG¥e be
cluster in the unﬁereakens ethet ; 1nepectﬁohes§hggsiefde&gheés iBan-al3

probe may ' be cabi Bl glorkd LRCHE BRReHCS o Ok PRTRN b EAR: pon

system If a previous calibration s £ e “5&e on
be read iAR fcemjuACtdana withethe @escribthont p6nthebbegesngduilred

MRy,
as” the vectorg &sonrAthﬁrebueaaeneeﬁeeqne D Pk@%eh@aE@BnceBEertQE there
ball tip contarned on ¢h probe. QW n | ustrates

coptrol |anguage BseHelnleﬁﬁFGﬁepléﬁ ﬂﬂﬁﬂ Fﬁ§1§5n€AEPBRh?ECEEEH§RH The

‘computer 'is aware of the part shape so that it may
generate"a convenient inepection path. The sensor
configuration '(probe array) will depend on the shape

15 of the part. The cluster 22 of Pigure's uses standard
hardware obtained from Renishaw COrporation.' One type
of probe 22a 1s a shank thh a ruby tip. The sensor
is pressure sensitive and is moved from poxnt to point
about the part being inspected on the robot ram.

20 ~ The CIGMA software now goes into an
inspection path definition. There exists two options
for the definition of the inspection path. 1In the
first option, ‘the previously defined critical angd

—/ major features o  the part to be inspected as

25 represented by the stored inspection gage' are used.
The inspection gage, as hereinbefore'described, uses
the GD and T call-outs from the part draW1ng as they
exist in the CAD presentatzon of the part in the
computer. The software picks an appropr1ate tip in

30 the -cluster 22 (Figure 5) -and ‘creates a logical path
in three dimensions for inspection of the features

' tequired. ‘The required features are those which are
envisioned as critical' ahd_'major '1n the inspection
gage. Thus, in this'optibn the inspection gage models

35 are used to determine the inspection path.
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« FORIVAT: CALI BRATE processnunber CALI BRATE/ DES | GN

CALI BRATE/ FI LE-[fi | enane] CALI BRATE process nunber 20 PARAVETERS
Int this form of the CALIBRATE command, the process nunber to use is\_J
given as a paraneter. This formis used an act ual CLUSTER

calibration S to be perforned. Note that the use of FILE, DESIGN 25

and any other qualifier is not allowed (i.e., there are three
di f-f er ent for ms of IRt [ad cAlt@raatecophien doaL| FIéEFS.mlr@JTPlflhe

FILE-[file lectibhe padlH bratien vidr or op Ierafte'osz“ fck%r&ecsﬂé?ﬁ&ed in

t he f|Ie ied. This f|Ie may be read in

S
system pgleFﬁr“éFe &% B8 r dMFREGHES: usi Fhe.  RREEWAX Q4 ne having
cal i brat e thekpbwfledg/el\/AXTIdERR—[mmal \Alustler ThQ: ﬁlﬁfﬁcy,a ue grersed
il

to control Row.far n t f each, prqohe ¢ brated ma be.
Each 5 5 Wes?gsatgg]ca;ﬁx : a%ﬁp%\%«?%et o BEfpbe ge% %&at idPis cked
to see if it céuﬁtehln2uh|$oNAﬁEIPUE@E dfor tmmsptzﬂnyh loc aftiatn pard f

th t t-er teS\Mth
b error 11 fRatpre S eréfit® cne Lhapelliifh pack ST CALAF SRS "
the value sp&@ifithg i §AD omodedn FONERdMed dndde  COMMNRADERRAY ddiis

value] . . ThgoinWAXRHR ?Bz‘é%'lU%ar'tS fe!a%%‘i'est Oma‘irontbre‘)' se‘l‘é"&t%dar )pff
of design i@e hadlus of tChe ball tip TRy from'l , the “designy
val ue. Ehes U§sFueln §hen6‘tse§pé‘@| fll“éa’let Men(?f_cﬁém%r@mh / MAX

VARIATICN. Taeginstised taq. eQQnt&leawbat features, bores, bosses,
planar sur faces and edges, - o | . N\
' The anpectlon path may be modified in a
number of ways. The user'may indicate the portion of
15 the path to be _modified on the CRT screen for the
system and enter new_ coordinates for any such path
point through the system keyboard. Alternatively, a
new point or ooordinate may be added in 'the- ihSpection
path by positioning the cursor on the CRT face at the
20 new point and entering it through a keyboard
election., Additionally, inspectlon path points may be </
deleted by designating the poznt to be deleted by the
cursor on . the CRT face and electlng deletion at the
keyboard. Modification may also be made to the |,
25 1nspection path with regard to 'approach distance".
Bvery contact between a probe 22a and a part involves
appropr1ate pos;tion1ng of the probe at a nominal
distance from_ the xnspectzon point known as the
'approach distance". After 1nsPectxon the probe 22a
30 is ‘withdrawn through ~what is called a ‘“retract
distance®. Both of these distances may be altered by
nselectzon ' at _ the keyboard to thereby modxfy TR
znspectlon path manually. _ .
. Now that the 1nspectlon path _is defined, the
35 CIGMA software enters the_inspeotxon path orientation




t he: maxi-num devi ati on of conputed probe tips can be. The calibration

process generates 20 five points around a sphere 10 (Figure 1)
to.caltbrate each tip. This results i ve conput ed di aneters
for~" each sphere tip. These val ues are agé ged. If the deviation
fromthe average for any probe tip exceeds 25 MAX VARI ATI ON, then

CIGNA termnates: with an rrﬁ nessa / TOOL-[ t qol nuq@g&%, I f / TOCL
Lsfgiven then t h@®*OSESSi« i 852 1°§ &B6d PAES  1he Withimggertain
efore the callbbahﬁsn Rraddesis waeexammmame &&velo e. Sohld /xR t@N.
Ther e are redgggﬁgﬁ%%%an%#ﬁ %eg |f|e Y g\@ Eﬁﬁg (Peg
of . the CALI BRATE ot 52'&: fRart e eqhe‘ e
design of the WREBENRCL FERmalenﬁo eayehmyed aso depﬂdtbdbt@n tthee CRT
cluster. 5 Gl BRATERFLLE=kbid  palldTe] 15 THer € ardl ¢ ori@nigilon

par anmet ers or quallflers used wth this rm of ‘the LI BRATE command. Thi s
command speci fi es 2PRECXIMAtEAY bkBOWSn | s They BEODer c£3 USt et oSy MOved to

calibration file. tQNutH Em% prake 1@n cettaxnﬁ'U%h%ﬁl@aﬁerb%dﬂeaiﬂlwﬁ$wd n
the calibration file, - fgggh match the .pro cl uster that ISt
used in the operati® @ﬁ“&est h«? e BAEL nPidE | RSPt ofE ?"t

fol low. RELATED OdtBeht@s3onl>5 ExamplesThef CEhEIHT f&ta&urlel\lSlEEﬁhnactmmmds-

Ry on the cLitl i WA ebvalde 1 {RRR T (RN dch Ao el

an uncal i-brate age 1s |ven st ér
t er m nat es. | f tameelNSRE@?SporaORmENDeus@@Ga Z@O holes, @lﬁﬂ@@@n@nc &

CLYSTER than thecygkyggﬁR Walh WaS known axis orientation, et

Followinc the or1entat10n process for the 1nspec:;on
patn, a calibration process for the probe cluster is
15 entered. It may be imagined that the probe cluster
itself is constructed with cettain tolerances on the
actual location of the probe tips 22a relative to the
cluster ‘body 22. A calibration a:tifact'ie located on
the inspectioh machine bed. The dimehsions of the
20 calibration artifact are known precisely. The probe
\ | cluster is brought over to the artifact by the machine
and each probe tip is brought into contact with the
artifact. With knowledge of the dimensions of the
_ caiibration artifact and the measurements as sensed by
25 the cluster, errors are identified and compensation
values are stored for subsequent application to actual
.1nspect1on results.

Descr;pt1on of the job control module 39 seen
~ in Plgure 10 will now be undertaken. The job control
_336 portion of CIGMA defines sequentially the steps which
are de81red for a specif1c job ptlot to ‘any 3job
execntion. First. the CIGMA system is informed of the
1dent1ty of a certain k1nd of a machxne which will be
attached to the system. For example, a Cincinnati

35 numerically controlled miliing machine may be attached.

EERE ST wpa it




-cal ibrated previously, then an error nessage is generated, and the Cl GVA
systemterm nates. EXAMPLE: CALI BRATE/ DESI GN 25

CAL{ BRATE/ FI LE=STAR 'CLUSTER. CAL CALI| BRAT PUT=START
CLUSTER. CAL/ MAXTI P ERR=. 0001 901 Fol | ow xecution of the calibrate"’
command in job control, a point is found on the CAD nodel 30 stored

in the conputer by al i gni ng t he cursor crosshairs manually on the
desired point on the CAPracE"edfihand As ¢2106traitived ofUsefol cdiifdy for

manual desi cause,i.t |s eaS| to_align the, cursor . accurate

t her eon. gTﬁéhggﬁag éﬁ?@?lon gﬁ Spet gpienggﬁ m@%&%%g}or

whi ch the Joblsousedlts eeqnentethesCIBuAngsygeemrated the ehmwmfﬂaa the .

CRT. Thereaft@ﬁ g pre“hQEhQRe PrRERS ¢ Iﬂgg? i-n co uncti on
on ATTACE, i

with the in pectlon nodu The ori enta |on or
al ternate s%%CO“ntﬁéeFobnnﬁyerépat§1ﬂeon§bﬁlnsngcnéweﬁeamummanan dspart

or 10 to inspecgspy wBshheededreatyr egp S bl e
either of these functlonsefron1t he |ﬁ|thGFA ng%%§ 'dat&%@bgﬁﬂbreover

in some inst PRBE pedi) the GB§PP58Feai$°ﬁﬁ§HPﬁePﬁéﬁeﬂééﬁur@&Sﬁolmeed
i mredi ately baefﬂﬁaactbyn ehethQOQQbhl RafenedcigaMACHT NEQM g

af orenenti one dat u ng i? g Egshlon part _may be Iltgrally bU|It
st ep- by-ste one &X erna xsp 8te §tep38 stepFﬂFth PERDPfre t $hEN W
dat uns cont8i LREIRnCOMe §»Bceﬁdee snde théghtnspentadh t@%g¢%110w1ng

her ei nbef ore ggﬁﬁéﬁaed A§QIGN ?xc3 Fﬁvbgg EHF§? tﬁé&gcgh%pfg rgcess

in a step w se manner w
manuf act ur ed 1@%¥¥UC§iPnsatarencﬁlvebr aanythéonbﬂnatl@netHePEQtr jisb

control  nowpdpfdemes? apab¥ei S iAbtil€tions are machine type
dependent. When the requestec actions are complet ed,-
15 then the job -execution continues. If the machine
cannot be successfully attached, " then the job
execution terminates. = The following 111h$trates job
control language used in con:unctzon with the ATTACH
command. '

20 PORMAT: ATTACH [machine typel </
PARAMETERS : [machxne type] '

The maehine” type spec1f1ed in the ATTACH J
command may be one of the followzng
© CINCINNATI for cincinnati milicron 5VC
25 : machines - -
' © pEX for the DEA CMM machine
AUTOMATIX for the AUTOMATIX laser robot CMM
© ' SIMULATE ‘for testing ‘and-’ debugging JOBS.
: The simulate nachxne ptompts for data to
30 simulate measuted data collected from a
| ' ‘machine. This is useful for quality
testzng_the.software; SR
© BCHO for testing JOBS. The ECHO machine

o]




I nspection results. Analysis proceeds for sinulation 25 in the fashion

to be. described hereinafter for the analysis nodule 38. Subsequent to
t he anaIyS|s step in the job control ggétgltlon a conmand is given
to Wétach the machine and the systemis tur O her functions are
sprinkl ed throughout the 30 generation of the job control sequence

whi ch may be required during any specific job. Certain displays may
be provided for specific GﬂhﬁﬁsebacﬂuréngpefﬁectumééﬂqreﬁeatLObUseful
oper at or messages nmay be prov ded whi ¢ are ggeg ifig btha lh

Wen all of the 35 fore90|nb i sVeriE¥HBBi shbhe |nc?udlﬂa t h§1d o hEpR
or - 61 speci al functions céprectlypwhéncal partj %€, magédacorfebtipnt r ol
is simul ated by executing gh e n ' ' chbhehBy
be observed by the operator 3ﬂhtﬁ§£c?ug§?ggﬁ%rg %gniﬂgh?gguggn??g&1hés.
sequence. - \Wen 5 the 'operator is satisfied’ through observation of the
sequence, "job cegntrol may éﬁﬁﬁfﬁiﬁﬁg be called up by the operator at
will. In the actual perfornance o control in the shop the

i dentification of the a(?geheﬂungﬁeﬁpﬂénlo provides information to the
Cl GVA software with regard/rooLheNUHBEn agpetipiesanther tood numpecttonbe

devi ces avail abl e. The o t hen e "Ru th nd

cal ibration process is ent§ ;_5 ?Hélggugﬁé R%iégé guh@ré?ﬁ ef%?g
descri bed. The designatedqnéspednttboi oisenleaded onnthe phet SPINPLEt
has been approypmately - ogheR! cfhne 'nmaaﬁeaadgecguwQttaeﬁeaCRTTﬂeel fibyon

of {be part flashes screen erator goes to that
cor respondi ng poi nt on thebﬁarﬂseﬁhﬁuaFﬁy tﬂFthNCthéatﬂroﬁé fQRs  not

orientation is 20 enteredcghdaife & QMBosof Enanget akesfceﬁérehn hoak1l fcom
the operator. The predetfrggggddo grhotfggggg Yy a %OOL to the post
processor. This option is for use on DNC/CMM
15 or DNC machines only. It is ignored on all

other machines.

RELATED OPERATIONS:
An ATTACH must be used before any DNC or CMM

o/ - o
type command can be used. If it is not used,
20 : then a system related error will | be
| _ reported.  The DISCONNECT command may be used
N | to free the device for use by another process.
EXAMPLE: -

- ATTACH/TOOL=9999 SIMULATE

25 'Thzs information with regard to the machine
B type attached to the system serves as a "wake up" for
‘the system. The system then executes the calibration
process described in conjunction with the inspection
module 37. '

30 CALIBRATE is also illustrative of the system

AL B N P IS LT W S T R
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~desi.gnat ed by the job control are thereafter manufactured on

the part if 'that is included in this job  control and/ or t he

i ndpection of t hose 25 manufactured features ensues. The result§gJ
of t he inspection are taken into ﬁy conputer data, and anal ysi
to be hereinafter described, 1is run ;% the analysis nodule 38 of

Figure 10. At the end of the job control sequence the command to detach

the machi ne 30bi scen’tebed aadgnla@enr OC AL IBRATH NaG OsteJ to measurelN€

anal nod r t.0o which refer nce made
hereY?\Ibeore %8 %ﬁugth" %H' (5 ggcrlab:ac?r be rgduste,ct 27onss"“%Fre to

per f or med byUSEhe aﬁhbyssysmmul & equige sankhati saldn(prsﬂﬂt itipLad2gpmacess

.35 trol I d
simil t aneous §§§9§35§?ZP§ bip, they &% astiebiiadlih o ganthe”
e

descri bed £n eKac§uePyobs - E§°ﬂﬁ¢§¥paﬂﬁ kaowingh@ang théTMasxynyﬁf t hat

apply are deahenabeebby buask@Q CQ%trQ%erOQ&%Q%n Tq§ 93G63.Ar € 3 Plgced on
t he part as Ccons ructe ection reSults an t he system atterrpts

e.ins
to fit the ga 8§ thfodfh éﬁérépk SPe 2 BPRES P3N gBEe Frdddgmted t e
|Espected gathe dékxghh6vaga§F Ebh&almeﬂspigttﬁ%kcﬁﬁssyaﬁ@n?telf aLf
the gage do si,.s is under t.aken rework
capability. 8§F¥98EftLEEFEt§g 8¥nfﬁedt erEFﬁgéfoF@e d&&dAbEas 1 omat w,
r ewor k islgpssSblb$ tmay nmabeer read whlcﬁromuch dawar k £irTey, bqhe
under t aken |§atfgpgygbﬁagggﬁetgs ngiﬁggerggorthelfvggggg ﬁé% not

fit, no rewor 0SSl 15 machine i's n&hthat\_)
job is shut dS%MSt?Wthrﬁégéﬁﬁcﬁo EPéﬂtstF@athﬁr§eé§§rcoﬁt¢mb dadlly giip, the

query is -1Is ebﬁtaﬁﬁaenentoehcﬁakpeabaartSThEe ¥8Y 160e¥H e 1TRE kR s t hE
past when theiemere record of inspection quantltles 20

for each insp ?edc?ﬁgfﬁie gﬁ“&ﬁéﬁepaPﬁeps Répt°°PﬂunFﬁé°n with the
15 CALIBRATE command.

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 \./
actual CLUSTER calibration is to be
performed. Note that the use of FILE, DESIGK

25 and any other qualifier is not allowed (i.e.,
there are three different forms of the
calibrate command.) '

QUALIPIERS: -

- /OUTPUT___ FILE=[file__ name] The calibration
30 results are stored in the file specified.

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

(Y
k]
L



system file. This record provides a distribution which is contained
mﬁthin the defined part tolerances for the population whi ch has been

grgcued. This population is used as reference for the - sane 25
fea res i nspected on parts thereafter isg normal distribution,
within which plus or mnus three 5|gnaf€§ cceptable (99. 7% of the

popul ation), is thereby defined within the defined part tol erances. Wen-
one inspected feature goes out si de the elus m nus bhree 30 sigma range

(3 out of 1,000), an out MBFhipENEiBE PIS@Q&BH€§3 &pe PEPbernhat  process.
Thi s occurs even though the part- may stlll be wthin t he part

causes of the maveri ck poi AKEREPRE-TRe2p s TUET,"" Ak, cMpRnTEmer - Vatuk .

may be due to a number of is caseds. toThesatcadsehonncEadefaome@esagar&m@r

a loose fixture, bad/wroggP g?tggh Is robe “@5@1b95¥§B00hayft%e.somﬁgyhng

I's changed to correct the con cond t Ive arts
are made by theS5process 5 thpre&bcetloandreiﬂtlapl t&réhegésélgntﬂécatlon

process is considered tog Eﬁeb.ﬁeh kB s@e! @l %misl witfihi Neads quAx@m
or nore of the five gﬁ 9f are bad, I nvesti gati on
tr

continued. When an out of E pFBSesgeﬁﬁQPcagpﬁﬁtﬁgnlo nade, tpﬁeerror
opgrator. can recall somne deﬁbeéaen othabe hivalaei,cal theat acigMie maysteal |

up ‘a run chart which sho ecific nuf g¢t d; t
i s appearing as a result g?efﬂénfﬁsﬁecfﬁiﬁ pPBce§§tn?’heqﬁag%gquxﬁgiwﬁgﬁ
is\called a X-Bar Chart whgohlifierlisdepitcspecified, t e dianthﬁ vialae

i nspection sanples. Alter ' il R- t e d up
whi ch depicts t he ranggsgg¥§k¥ﬁségcp|8 QE%?nFS %ec? lﬁa eature in

that run. Wth this information  the operator is better equipped
to designate one of the ,umaxRADERR=[real__ value]. The  MAXRAD__ERR

value is used to control how far off of
design the radius of the ball tip may be from

15 the design value. If this value is not
specified, then no checks are made.

N /MAX_VARIATION. - This is used to control ' what
' the maximum deviation of computed probe tips
can be. The calibration process generates
20 - five points around a sphere 10 (Figure 1) to
-calibrate each  tip. This results in five
computed diameters for each sphere tip.
These values are averaged. If the deviation
from the average for any probe tip exceeds
25 : - MAX_VARIATION, then CIGMA terminates with an
'~ error message. /TOOL={tool number] If /TOOL
'is given, then the specified tool is loaded
into the spindle Dbefore the calibration
process is executed. '

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



.20 potential sources hereinbefore nentioned for the out of control

condi ti on. Thus, an intelligent means is provided for making the
af of enent i oned change to the process prior to running the five part sanple
to determine if the process is back in ol. 25 The toleran‘e'J

nodul e 40 of Figure 10 will now be descrrbgd. The tol erance nodule is
witten in the CIGVA system for use. by design engineers as opposed to

quality control or proge n arate_functions are
performed by the tol &%n éb dﬁ*€f§é§3330 ??W@Tn f mhr@&lﬁs t fempraad
conplex function. Itspécmfiemg be&atrecngalzedeshgn |bf|stHeffpgubg for
the design engineer t era |ng on
the part features mhlcnﬂﬂn guarantee asseﬂg?y mf%%out %ef%g%enc For
any condition of the 3FXu@t®Rsts within the recited part tol erances. Oten
one engineer designs and tolerances one part while another engineer "

desi gns ang,i t ol erances _ t he natrng art The CIGVA system takes in
data descriptive of ealHAFBRAREABILETEiles 1RARe her wiThEFRe aBerBfci ng

5 accorginﬁ to theoth@ﬁﬂpafﬁmﬁﬁkwsioﬁ”&haliﬁ%ﬁﬁﬁﬁﬁ%@@ aﬁﬁeﬂb|M%P§ the

parts if the worst case tol erances sse exi st,at eac part

The Cl GVA system al so %§Ha%ks°€nh€k 8£Bﬂ€££%$ CQMfpa QHtrﬂﬁls fapmand

described with the @mmmaﬁ1e$11haﬂmkhé‘caﬂrhxnmrnnahd 100t ober anesd '

description relative t escr i of, . the . mating
U B0 e 001 g0 EEREL hoR, ! Loy

part. In this fashion ﬁgard
to (1) potldnti al matedstier. nm%ri%rm@med}ndm (e chlibraeionitigy

inconsi stencies  betwggne) t heapPargsSst mdedd s&ws& dhe function.
of the tolerance nodule checks t ol erance val ues a£%§£?%e%dy been

called out by the desi ¢F difyidfedtses \s‘hg‘?%e?%e%ﬂﬂqmd?%at%%etdﬂa@hene
system user if ther@urihg HieninspedPichiGperations that follow.

RELATED OPERATIONS:

15 The ORIENT and INSPECT -commands rely on the
cluster calibration. If an INSPECT or ORIENT
is attempted with an uncalibrated probe, an
error message is given and the CIGMA system ;~g
terminates.,. If an INSPECT or ORIENT uses a

20 different CLUSTER than the CLUSTER that was

- calibrated previously, then an error message
is generated, and the CIGMA system terminates. ~/

EXAMPLE:
_ CALIBRATE/DESIGN g
25 : CALIBRATE/FILEtSTAR CLUSTBR CAL
'CALIBRATE/OUTPUT=START, __CLUSTER.CAL/MAXTIP
- ERR=.0001 901 | :

Following execution_ofu.the calibrate command

in job control, a point is found on the CAD model

30 stored in the compnter - by aligning - the cursor
crosshairs manually on the "desired point on the CAD




i nterference of if there is inconsistency in the datum 20 call-outs
which mould allow an otherwise correctly toleranced mating part to
achlevé.a "wWithin tolerance" but "no fit' condition. The second function.
of The tol erance module 40 in Figure 10 ( erformance of fixed and
floating 25 fastener. analysis. A high percentage of tolerances on
mechani cal drawings are there to show the location of features which
function to hol flodearts atogetrher Wsthaf assefals. p01|ntt sifeul d mamual

noted that a fixed fastener is.represented hy a_thread |.t asses
through 30 a cIe§F ﬁgggtﬁ8pe beﬁ%uﬁﬁe %’ % 3a§ﬁ§2 3 qt &56?%%%?‘
in. a mating paaccuraAelylo&hemgon.fast@h&* Gh@ re@ﬁ@&@ﬁﬂ@m bpf a lkdiet
whi ch passes t hr oy ggeatste%an% hehe | dch Cies PR idhe ol

cl earance hole in 3 serves asten t two parts
35 toget her by Re&RguUENCE ﬂ§t eﬂ@ﬂ ssa#geée aﬁﬁll 8howny on t kde ¢ [GRTads

of the faStenerTh@Beh'ﬁQerpoih‘ee Yrdentatilon ”%tr'd&ssoa”descrfge'ds in
second t ol erance nmodul e 'functi on serves to create t he to erance val ﬂ S

to be called out BPNIHBCHAONGNYAkE n&be ol nSPRStign,, mogule; oisg

andfthe mat:clng pabh]giil&enow @Qeldwse mayndefet alfor h%ltetrhﬂteusﬁh][ses iy The
per f orm ng oatln astener ySi .Sec '
t @ erance nodul e nvwﬁyes |§F?|all b Wﬁfg %QQ J?E%kg%% 4& %QE ogd_
Fast eners ar éolaodesspelcedng mmg\edstMesbody Itdi diset @ossidie Heoad
sizes (on bolts, fare.exa | Bindtaidnae A I n
th nder si-de of FEEfBQF‘t %1’ Sl?gﬂ ftg’s%t%g]er é‘es?ro:n%t :}glr?gﬁth%g m%,t"i%%lyo
obt ai ned . fron1neéh£nh@dldéﬁgﬂﬁeeHHQJGOWﬁﬂﬂeiﬂ Somﬁuinﬁkﬁﬂce%ikﬁw “aY be

desi gnates the 1§ee%'alb'1@ns ten ixal%%rltne""@\%fvﬁ fetaftere%elmtlweef g ately €
to be used. Thi done Pﬁy | aci ng a cur.sor fastemgg%dxnnt
e

on a displayed. dgylépsgﬁct@pn tqﬁaﬂewl machined features
15 aforementioned datums. In 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. _

20 Having run the inspection process in a step .
wise make - inspect manner or for the entire
manufactured part all at once, or ahy combination

o thereof, Job control now turns to _analysis of the

W, - | 1nspect1on 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 job control definition a command is given to
detach the nachine and the system is turned off.

Other functxons are sprxnkled throughout the

_ 30 generation of the ]ob control sequence which may be
| 'required dur1ng any specific JOb. - Certain djisplays
may - be provzded for specific purposes during the
runniné,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



-and, .entering the information through the keyboard, as hereinbefore
described for other functions of the 20 CIGNA system The user
now desi ghates the datuns on the displayed part which are to be ;
utilized in locating the features 8§L the 'part, such as holes, e
where the fasteners wll be placed d enters the datuns into the
system The Cl GVA systén1nom/conputes 25 the optinun1size of the holes for
the fastener and t e psitio t oles on the mating part
while the syﬁﬁ%ﬁfﬁgﬁu gﬁ%ﬁﬁ%?ysln£8§t|§at8§rfﬁgugﬂ5 nﬂ&éks &bathedpBrt and
t he natlng|xnan3t0&edsthﬂmelatewppgreaedut@ngrthpt|qu51hebqu§h§@s figr the

hol b t d he, b f .
of o fasteners bl 10N (467 cHBEP LEmad 68, pbsskyBnl bl Epe Bpetd szl ' o
through whi dtho ihas ejustidgeneratednhhebgobecoghrodd skquentei.s duhennent al
to the desi gnnof opdeadssenply sétlﬂgkeég ”tﬁraﬁﬁfn asgewhegoﬁ &%Sgﬁﬁef are

35 so large as to extend outsid
portion of tkﬁPQ%&ﬁ%%erJT?H@°%E¥Plhﬁaﬁ)th?ﬁeafteelGNR cagyedenup bbso

t akes |rﬂ<153n5@¢k556tqmttbglgharacterlstlcs of . the tool to be used to
Create the part featurge r'exanE a: dr# 5 as % wear.s out will nake
a larger hole and nec ua}i nger ﬁﬁFégceprB agb gantredginati on

of t he nagmheukhqﬂ Ehmh B@entQEﬁeaton 00593tHeanEteacﬁéa||mhbhunE0r o

exanpl e, w r e ; dj.. [ t he
drill b|t |pé§34 é:6¥ﬁf§fha€9%§ndl |%%e_C§$ﬁ% E%ﬁgkgfes §¥§nfegﬂﬁgw

t hese factstQkﬁﬁ#t#ﬂﬁﬂﬁcﬁY%ﬂbibhee and/purt thed thepeatnag pdevicey

of exanple éﬁalﬁév?ef“ﬂf*hetQ$§é@Q€8tgeeﬁéﬁt'QQ%QX*Lhe'ﬁhﬁm@béyﬁésg‘for

floating fasteners, reference is . made to ure wherein a part is 15 -
shown havi ng ¥urt Qﬁe%ﬂ%&&%?*kﬁ%sPBBc?ﬁﬁrb?h?@ﬁgﬁedlﬁ°€h|§hexaﬁ#uetarbolt

having a 0. 5@} dbely diswet feréthiSefore described. The designated
15 point for orientation on the part after it has been
approximately =~ oriented in accordance with the CRT
dep1ct1on of the part flashes on the CRT 'screen and
the operator goes to that corresponding point on the
part manually with the probe. Run orientation is
20 entered and the CIGMA software takes control back from W,
the operator. The predetermxned part features 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 those -/
25 manufactured features ensues. The results of the
inspection are taken into the computer data, and
analysis, to be hereznafter described, is run by the
analysis module 38 of Figure 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 - analys1s module 38 of Figure 18 to which
reference was made hereinbefore will now be
described.  Two functibns are performed' by the

analysxs module, gage analyszs and statistical process
35 control (SPC) analyszs. These  analyses may be




0. 750 head size is chosen by the design engineér to fasten part 57 to a

mating part 59. also having four clearance holes 61 therethrough. If
the heles 58 20 never exceed . 0.625,° the bearing surface of the bolt
head™ will cover the holes 58. A 3@%?3 drill, incapable of
drilling a hole larger than 0.625 as I oned hereinbefore, is

sel ected and the four holes are called out at 0.593 dianmeter plus

0.032, which 25 al| f _0.625. The pminipmum hol e si
s the g {1 er onder DA AELnE DnGLERaRaie Rk B/t s8BRGALE Lt B ChRcr SHgterne

rinus htolgrgggeecage tiﬁalymie befbbesbe. PF8s3ﬁ1bbdtwh55ehﬁ|Ehéﬁﬁuggyeisbe
ess than . st ca t appears as
true position, d|5%%?@?1£®E%%tto?fggﬁgs?af nagﬁéungﬁégé gPaQ-c888F¥|oﬁ§e
relative to daILﬂﬁanmmbedopbYacbhef pabt conrral se@hlna.FlgheegaeesV%ea
ClGVA i's advi sed piddda én Eﬁée€%r€asﬁ@”e&ohﬁtrﬁétga 5g|eﬁﬂgcegnsﬁ%EQ1or

regard to the natlng arts e user inputs are as
her ei nbefore. whe&fsu %Ie?%90|ﬁ@e feystgm: fﬁéﬁﬁmﬁgs fBat ehdE. the gages

Additional ly, Cl Q#rowgks theér alh@wabheckaegﬁeegf ébegagétfﬁeeaamntagtﬁbe
" cl earance hol es and the talnlng g}corres ondi n
ef

ting, part
“pattern of  IBFRSGH g?e Iﬁs 5 fier 88 ESdest FBEGt9°Pn this
| Rst,ance the nnm&mplemmtalnzﬁg thée gageardoes hotesfityl|ahaVpsis is

cl earance hol e the us §j iCc ame a for t he,

floating fastﬁég%ﬁgﬁg y§%§ %he gég§f¥0e 3#%?22%5 bn th cIeéFancés
holles W ll - be determmed, q& mgcebsbeforhe desacibedr thabn revaekl is
the threaded por;tam:pé taee pﬁasanefon%a' nbﬂgckthgﬁcfahrF@g@Pk hgk S bs

clearly cannot ‘nove. cl earance oles In | oat I ng P _
nust thereforee“"%ﬁ?taM%ﬁe istjgommynicated| | €@, the Tpperatemyn IfstReéem

recogni zes  thi sgade N@s&€SSindt Opit NI nbi XpwotRSt £8€rpo882bYEI San@Ndehe
for 15 machine is detached and that job is shut down,

With regard to statistical process control
analysis, the query 1is *Is the machine tool making
parts the way they were made in the past when they
were acceptable?". A record of inspection quantities

~ 20 for each inspected feature on each part is kept in the

~N
system file. This record provides a distribution
which is contained within the defined part tolerances
for the population which has been inspected. This

population is used as a reference 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 Ehe 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 process. ' This occurs even though
the part may still be within the part feature
tolerances. 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




._purposes of conparison, the tolerance on the holes 61 in part 59 of Figure
16, presuming they are for this exanple threaded holes for
re¢eiving the fastener, would be O 062 at maximum materi al

condi tions where 20 the thickness bé* part 57 S t aken
into consideration. - The  ANS| caII for the four threaded

hol es 61 of Figure 16 would therefore appear as follows: 1/2 13 UNC-ZB
25 0 0] Ongz M ey P The follomnng S

abbrevi ated [PYFPEEM | TOESRy "-&é‘;ﬁe& SHATIF = og]r%ﬁﬁerray be
formul at ed fofixtpeest i bad/mreongli: sudtcaerﬁlssystaamwom 3qujertfo:rrm ngkc§ he
di scl osed d proces

FVE Gor por at | Sancgnsng 18 chadel M etV RIR At Pe g o ©
provi de over akPn@dtiodl. foRAboudt i fivenl Parkesare m@ade by the procesitrol

option. C CsC e ti 10 00 pr, dren
P o0 o theredtien CuAQ (I@N&q'l ars |§°°d_ P VAN it BQ ull? THEN

C15 C considered,; tosebe @%dsfb cherq}f and; iissiqanhimetessl
Control C  one or molleviof fredi@ N"Erfive parts are bad, the

investigation is continued.
When an out of control process indication is e

10 made, the operator can recall some  depiction of the
historical data. He may call up a run chart which L
shows how  that specific manufactured fearur is
appearing as a result of the inspectioh process or hLe
may call up what is called a X-Bar cChart which is a

15 depiction - of the mean of the inspection samples.
Alternatively, an R-Chart may be called up which
depicts the = range of inspection points for that
feature in :that run. With this - information the
operator is: better - equipped to designate one of the )

20 potential sources hereinbefore mentioned for the out \,fx
of control condition. Thus, an intelligent means is
provided for making the aforementioned change to the

_process prior to running the five part sample to
determine if the process is back in control.

25 - 7The tolerance module 40 of Pigure 10 will now
be described. The tolerance module is written in the
CIGMA system  for use by design_engineere as opposed to
quility control or process engineers. TWO separate
functions are 'perforned by the tolerance module, the

30 first of which is the less complex function. It bhas

long been recognized that it is difficult for the
design engineer to design two mating parts with
tolerancing on the .part features which will guarantee
assembly without interference for - any condition of the
35 two parts within the recited part tolerances. Often




C GALL € G ENTR CHO CE ( RRNSG NBMENU TXMENU 20 C C Set
optlon flags, based on user's entry. CIF( RRIRCT OR ACCEPT ) THEN BLSS
END I F BLSE I F ( MENULUVEL .30 2 ) THEN IF ( CHO CE BQ

1 Y‘THEM ccC User chose ne ift em one, Statistical Process
Control 30 C ’ Anal ysi s. SPC ANALYSIS ELSE | F (
CHOCE .30. 2 ) THENC 35 C * User chose nenu item two,
Statistical Pr ocemeCGmtgi(ﬂeeG designs and tcﬁ%ﬁ?ﬁﬁ% Nayiege gt CuwpAlile
DI SPLA MSG (1 , t_-H;UE ACCEPT ) AELSB 40 CC Som sort
of error ocCurredaPﬁ ¥gng( Apd tolerances the maging-

END C SUBROUTI gar8RC AMNeYSI(ﬁGmC systFéu pds&kesTameYa‘tm ez it ived @f
Statistical Proce%%cGOQEr@wo!%éEfﬁg pai%%MébéQ%%lg'émlh the tolerancing
5 according to the = ANSI standard and investigates
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 mating parts is
_ described with the correct GD and T dimension and
_ 10 tolerance description relative to the GD and T part
. . o description of the mating part. 1In this fashion the
mating parts may be identified with regaréd to (1)
potential material  interference, - and (2} datum
definition 'inconsistencies' between the parts. In
15 summary, the first function of ~the tolerance module -
checks tolerance values which have already been called
out by the design_engiheer 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. o
The second function. of the tolerance module_
% . 40 in FPigure 10 is performance of fixed and floating
25 fastener analysis. A high percentage of tolerances on
mechanical_ drawings ark_ there to.show_the location of
features which function to hold parts together with
fasteners. It should be noted that a fixed fastener
 is tepresenteﬁ by a threaded bolt which passeé 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 thrdugh a clearance
h¢1e_in_one part and a correspdnding clearance hole in
the mating part, and sérveg -to fasten the two parts
35 together by means of a nut, for example, applied to
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C | Sort the Statistical Process Control data ile by ascending C
entity pointer and vithin each pointer by ascending date and 10 C
ting of machining. Termnate if sort is unsuccessful. C CALL SPC SORT ( .

TERM NATE ) CC - Loop to process nmenusoddoi ces fromuser. 15 C DO WHI L
( .NOT. TERM NATE ) It ( MENULEVEL . EQ THEN C C Get user
to enter boundary conditions for Statistical 20 C , Process

Cont r ol | ] NT, E P

SroveT ppopCtte: Jffddad! QNI PYase REE Un T Rppod i Iad (1
to sel ect recdes @mating part. froRhEsatise¢end Proekesamsnt r chodiale
file. CIF ( .Afdlotiidh/Belarved L £5C &¥ddré W@oiéﬁan& value to k?é;ggp-r

1 USRI | | ScA L
E)ATE)( ANSVERE (az‘}Tlgd&Wtcw the dmﬁ %"%"?H?l%&( th&JE@‘HW@@ for

Set flags fob the tgert mrr&etsree do@rt User' s response. C 35
| F ( REJBCT) THEN BLSE . IF EL SE MVENU EVE , BQ. 2 ) THEN C 40 . C
Get user to enter the o%ﬁé&ﬁéﬂil%ﬂle Qﬁ DR¥% e cuser  in

t he nunber ofpaaﬁﬂnm;ng)ﬁtnafinblrfaxtnmet lamelysisul x| athe C s&ddndl C
EgECTDA;éCI(EP‘FJ)DM%n N%Qso\tl.he%'\@ﬂr@ Ypﬁnodghle 1nvolve4v%aiFyRR] '
choosing a fastener to be ‘used. - Pasteners are ("
10 gescribed having standard body diameters and head
sizes (on bolts, for example) which describe definegd W
bearing areas on the underside of the bolt head. Such
fastener descriptions may be _obtainéd fror 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 \d)
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. The CIGMA'system now computes
25 the optimum size of the holes for the fastener and the
true position of the holes on the mating part while
the system simultaneously inveétigates the CAD models
of the part and the'mating'part stored therein. Upper
and lower optimum hole sizes for the holes in both
30 parts are -cbmputed 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
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




45 . - |F( RRIECT ) THEM C C Co back to
preV|ous menu level. CELSB IF ((NBANP ( 1 ).LT. 2) 50

R (NBSAP (1).T. 25) & LOR (NBSAMPM ( 2 ).LT. 1 )THEMC
c Get user to try again. C{,(pCALL DI SPLAY MG ( NBOSER,
@mm,z& .TRUE. , ACCEPTY ELSE C5 C.

'Go on to next nenu level. CEND IF ELSE IF ( MENULEVEL .EO. 3 ) THEN C 10

C Ge St |

Process Control ahg égﬁgt%E&%ﬂfﬁ;ﬁégﬁ%%Né%%ﬁfﬁf§ (%Eh$$83% BgenéG ENTER &
REJECT ,ACCEPT ) 15 CC The CIGMASet fey&$@I or falsOher BRBESsSi ngnto
based on user's r%&aeaaeza€1bﬁ (tH%JEGBaﬂa%teﬁgaﬂ?Es TgEN EhSE 2801 to be

ENDIF ELSE C C he us has ent ered boundary conditions and
sel ected C used t&n‘@ﬁ@F@y Park ifaatuse .oy FOLs &X@BRdLsl @naldFdild,
SO ' 5 as it wears out will make a larger hole and mechanical

engineering tables provide an indication of the
magnitude of_ such enlargement. 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.
By way of example of the hole tolerance
"generation by the CIGMA system for floating fasteners,
reference is made to Figu;e'ls wherein a part 57 is
15 shown having four clearance holes 58 therethrough. 1In
this example a bolt havipg a 0.500 body diameter and a
0.750 head size 1is chosen by the design engineer to
fasten part 57 to a mating part 59 also having four
clearance holes 61 therethrough. If the holes 58
\ ‘20 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
o mentioned hereinbefore, is selected and the four holes
~ are called out at 0.593 diameter plus 0.032, which
- 25 allows a maximum hole size of 0.625. The minimum hole
 size is 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
0.500. The ANSI standard call-out therefore appears
30 as true position, diameter, zero tolerance at maximum
material conditions telative to datum A (the top face

of part 57) as seen zn Pigure 16.

When CIGMA is advised that a fixed fastener
is being toleranced with regard to the mating parts,
35 the user 1nputs are as designated hereinbefore when

e L




C.

25 C do the necessary cal cul ations and display the results.
'CALL SPC CALCULATI ONS ( USRI NP , NBSAWP , ENTPTR , & ENTYPE) C
( . Go back to previous nenu level and see if user vants C
do the analysis again for another entity. C END | F END DO 35 E
C SUBROUTI NE TOLANALYSI S C C Pur poslg,”/This |Is the driver for Tol erance
Analysis. CC Begi n execution C C Present the Tol erance Anal ysis
menu to the user, and C performthe requested function, until the user

says he 10 Ctblerahsihgnifbed:ac ema@tanmooras@EﬁeelGccm@aﬁt@oa@ \H,LE

VENL, " RESPONSE O EFk S b ERS epeRoBHE aF gy erige g s

Ve're f|n|she&hﬁeﬁéeafﬁépsrhoﬂésnéﬂﬂ the mihatiogC PRSE | FoprasRANSE EQ 1)
THEN C corresponding - pattern’ = of  threaded holes as

5 hereinbefore described. In this instance the menmber
containing the clearance holes will have a clearance
hole tolerance on the plus side which 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 v

clearly cannot moOvVe, 1:*he clearance holes ir the
floating = part mus" therefore be more tightly
controlled. The = CIGMA system recognizes  this

15 necessity duriﬂg fixed fastener analysis and, for -
purpoées of comparison, the tolerance on the holes 61
in part 59 of Figure 16, presum;ng they are for this
example threaded holes for receiving the fastener,

~would be 0.062 at maximum material conditions where

20 the thickness_ of the part 57 is taken into s

consideration. The ANSI call-out for the four
threaded holes 61 of Figure 16 would therefore appear

as follows: _ | ‘ : _ J

1/2 13 UNC-2B

25 | 0 0 0.062 M A
' " 8.510 P ' o

‘The following is an abbreviated program
listing depict;ng one manner 1n uhich a program may
be formulated for operat1ng the disclosed ‘system in
30 performing the d;sclosed analyses, job control ang
tolerance module prooesses. C rnc COrporatxon
1987.

. ‘q"i. a."




25-. C .. 'Floating Fastener Analysis C C ELSE | F (RESPONSE . EQ 2)

THEN C 30 C Fi xed Fastener Analysis CC ELSE C 35 C
Wor st {Case Assenbly nalysis C CALL SET Cl (2,1) .1000 CONTI NUE
CALY WORSTCASE 40 CEND IF C C SUBRQOUTI ORSTCASE C C Pur pose:
This is the driver for the Vorst Case Analysis. 5 CC Begi n execution
ccC Present the Wirst Case Assenbly Analysis nmenu to the user, and C
performthe requested function, until the user says he 10 C S

fi-ni shed. C GOTOG 1000), GET Cl GCON(3) DO WHI LE (. NOT. TERM NATE) 15
CALL O G ENTR CHO CE SUSBOVRENE SPC\PRIVER, MENU, RESPONSE, &

REJECT, ACCEPT) &
' C  Purpose: To provide overall control for Statistical Process
5 g Control option.
c B
g Begin execution. _
10 g Loop to process menu choices frok user.

- ' DO.VHILE ( .NOT. TERMINATE )
Y | IF ( MENULEVEL .EQ. 1) THEN

Get user to choose type of Statistlcal Process Control
activity froa menu.

CALL CIG_ENTR CHOICE ( PRIMSG , NBMENU , TXMENU ,
& " CHOICE , IEJECT ACCEPT ) .

Set option_flags. based on user’s entry.

~ IP ( RBJECT .OR. ACCEPT ) THEN
' BLSE

25 | BND IF |

| BLSE IF ( MENULEVEL .2Q. 2 ) THEN
IP ( CHOICE .EQ. 1 ) THEN

User chose menu tte- one, SQattsticul Process Control
Analysis.

_ CALL SPC_ANALYSIS
BLSB IPF ( cBOICE .BQ. 2 ) TEEN

User chose menu item tvo, Statistical Process Control
Database Management.

CALL DISPLA!_ISG (1,2, .TRUB. , ACCEPT )
BLSE

‘Some sort of error occurred in menu processing.

15
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| F (REJECT . OR ACCEPT) THEN 20 C Were finished here - return
to- previous nmenu C C ELSE | F (RESPONSE . EQ 1) THEN C 25 C
Nﬁrge in Mating Part C CALL MERGEMATE ( PARTMERGED) C ELSE | F ( RESPONSE .3¢.

2)" THEN 30 ccC Perform Wrst Cast Analysis C CALL SET
Cl GCON( 3, 1) 1000 CONTI NUE 35 . GL CALL WCANLYSI S
(PARTMERCGED) C ELSE | F (RESPONSE . EQ 3)QT EN C C Del et e WORST

Case Mdlel s 40 C CALL DEL WC MODEL C ELSE | F (RESPONSE . EQ 4) THEN C 45.
C ¢ Renove Mating Part C CALL REMOVATE (PARTHERGED) C ELSE 50

CC Re$UBROUTINE S2Ci ANALYSIS (so its out of the vay) C CALL
REPOSMVATE CC | -

5 Purpose: To perfora analyii;'for’Statistical Process Control.

Begin execution.
Sort the Statistical Process Control data file by ascending

entity pointer and vithin each pointer by ascending date and
time of machining. Terainste if sort is unsuccessful.

CALL SPC_SORT (. TERMINATE ) . : _ N,

19

Loop to process ienu choices from user.

AOO0 0O000Naan

15 | o |
DO VEILE ( .NOT. TERMINATE )
" IF ( MENULEVEL .BQ. 1 ) THEN

: ¢et-ns§r'to entcf Soundary conditions for Statistical
Process Control analysis.

CALL CIG ENTR_TEXT ( NBPRIN , PRINSG , |
6 " NBMERU , ANSVER , PRONPT , RBJECT , ACCEPT )

Cheek.dates and convert tojforlat used to select records
from Statistical Process Control data file. -

IF ( .NOT. REJECT ) CALL SPC DATE ( ANSVER ( 1 ) , :
& . PROMPT ( 1 ) , USRINP ( T ) , REJECT ) N
30 IF ( .NOT. REJECT ) CALL SPC DATE ( ANSVER ( 2 ) ,
¢ PRONPT ( 2 ) , USRINP ( 7 ) , RRJECT )
Set flags for further processing based on user’'s response-.
35 : IF ( REJRCT ) THEN = ~
BLSE :
D IF .
BLSE IP ( MENULEVEL .EQ. 2 ) THEN

Get user to enter the uulbei of observations per sample and
- the nuaber of saaples to be used in control line calculation.

CALL CIG ENTR DATA ( PRMSOS , NBOSMN , OSMENU , OSTYPS ,
 upsARP , BNRSNP , REJECT , ACCEPT )
45 "IP ( REJECT ) THEN :
Go back to previous senu level.
BLSE IP ( ( NBSANP ( 1) .LT. 2)
50 & .OR. ( NBSAMP (1 ) .CT. 25)
& JOR. ( NBSANP ( 2 ) .LY. 1)

-Get user to try agaim.

20
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END I F END DO C END 5 CRUNJOB C, SUBROUTI NE RUNJOB(PDQLEVEL) C C

PURPCSE: TO RUN THE SPECI FI ED COLLECTI ON OF NC TOOLI NG AND 10 C :

| NSPECTI ON' OPERATI ONS) CC BEA N PROCEDURE C | F( PDQCON( PDQLEVL) . NE. O
THEN 15 | F( JOBSEVEREERROR) THEN C C AN ERROR HAS
OCCURRED - JUST TERM NATE C CLOSE (UNIT = NS?@DT) 20 CLOSE
(UNIT = NCUNIT) END IF END | F GO TO
. (1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, & 9000, 10000, 11000,
12000, 13000, 14000, 15000, 25 CALL BISPLAY MSG ( NBOSER , OSERMS , 2 ,

16000, 17000, 18000, 19080, 20000 PDQUNUBLQOASGBET )DO | 1. 1, 80 30 C

I NI TILIZE fixture offsets (t vliues - are set by manual fixture C 1000

CONTI NUE 1 F( CIST \fCBNAI\/PRESENT) THEN C C C. ELSE DQ WHI LE(. NOT. DC]\IE)
on to next aenu level.

c
END IF
c ELSE IF ( MENULEVEL .EQ. 3 ) THEN '
10 C Get user to select an enfity for Statistical
(c: Process Control analysis.
\_ CALL PICK ONE_ ENTITY ( ENTYPE ", PICHSG ENTPIR ,
& "REJECT. , "ACCEPT )
15 ¢
\ S Set flags for further processing based on user’s response.
Cc
: P ( RBJECT +OR. ACCEPT ) THZN
BLSB
20 - END IP
BLSB
c
c The user has entered boundary conditions and selected
€ an entity for Statistical Process Control analysis, so
25 g do the necessary calculations and display the results.
CALL SPC CALCULATIONS ( USRINP , NBSAMP , ENTPIR ,
c & . ENTYPE )
S 30 ¢ Go back to previous msenu level and see if user vants
C to do the analysis again for another entity.
c
BND IP
Do

N 35




C Job being run frommain nmenu selection "RUN JOB" C
- find out how user wants to operate C CALL CI G ENTR CHO CE( PRI MART, NUMBER

OF. MENU | TEMS, 45 : TYPE OF JOB, -
RESPONSE, REJECT, OPCOWP) | F(REJECT, OR, OPCOWP) THEN ELSE | F ( RESPONSE

EQ 1) THEN CALL CLRALPHA 50 - CALL USERCHARI NP( ENTER
NANVE G: JOB TO RUN: USERI NP , OPCOW, RE If_CT | F(. NOT. REJECT. AND. USERI NP
.NE. ') & . THEN "ELSE END | F ELSE | F( RESPONSE. EQ. 2) THEN
C 5C ? . run jOb from keyboard command node C C C
Default data tTo pa o CALL A G GCET
PARTNAME( USER$ NP) EEE@I@IEB %W“YSIS ~run job fromnmenus C 15

CALL C G CGT ¢”ART PHA 20
CALL G CGT ARTNMYEIGSERHD 16N BeFolR e Sle A Wha Gl

o Begin execution
C Present the Tolerance Analysis menu to the user, and
C perfora the requested function, until the user says he
12 C . ls finished. .
C o _
" GOTO (1000), GET cmcoucz) - o/
C
DO WHILE (. NO‘!' TERHINATB)
15 CALL CIG ENTR | CHOICE (PRIMARY, MENLINES, MENU, RBSPONSE, o/
& REJECT, ACCEP‘!)
Cc
| IP (REJECT .OR. ACCEPT) THEN
. C o
20 ¢ Ve’re finished here - te'tur'n to main CIG menu
C ' '
ELSE IF (RESPONSE .EQ. 1) THEN
C = , .
25 ¢ Floating Pastener Analysis
BLSE IF (RESPONSE .BQ. 2) THEN : J
c | | | 4
30 ¢ Fixed Pastener Analysis
c - '
c
ELSE
o -
35 ¢ Vorst Case Assesbly Analysis
c
. CALL SET _CIGCON(2,1)
1000 CONTINUE™
: CALL VORSTCASE
40 ¢
END 1P
‘ END DO
c




CALL REMOVE SPACES(USERINP) C C CHECK TEAT 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 TNUMBER, - t -unit nunber 30 &

USERI NP, | user file & 1, o
status=old & ' 0, 7} t access-sequential &
0, ' carriage=list & ,

| default file nacr're 35 & B, N
default file ext EDIT FILE, = | filespec

opened & SUBROUTINE VORSFCABERY, ERROR STATUS), C 40
| F_ (DI RBCTOR 01 T | TI ON
P CI(<ED uP ANY) % D@&@&Eﬁ?@é‘ﬂ%"? o ‘E'd&EE‘F’(ﬁCEﬁ@g’?(\’I $0) @

TO 1000 END | F Cg50 | AR POSI TION (EDI T FILE,
') + 1 CARAT cs "‘i"cﬁﬁiugﬁﬁl ON (DI T FILE ° 1 START

MAX( BRACK, CARA or
EDI'(I' FI LE <STARTE)DOT) b/ ﬁ°%%t%(& ke ﬁ&?‘ﬁ.ﬁ'u!g@N%
PRESENT, ERRCR) | (9 i

GOTO (1000), GET_CIGCON(3)
Y ¢ |
DO VHILE (.NOT. TERMINATE)
15 CALL CIG zm CBOIC! (PRIMARY, MENLINES, MENU, RESPONSE,
& _ REJECT, ACCSPT)
IP (REJECT .OR. ACCEPT) THEN

20 Ve’'re finished here - return to previous senu

ELSE IF (RESPONSE .EQ. 1) THEN
25 Merge in Nating Part
CALL MERGEMATE (PARTNERGED)
ELSE IF (RESPONSE .BEQ. 2) THEN
Perfora Vorst Case Analysis
CALL SBT CIGCWO 1)
- 35 g“ulmvciMusxs (PAR‘!'HERG!D)
BLSE IF (RESPONSE .2Q. 3) THEN
Delete Vorst Case Mdels
CALL DEL VC_WODEL =
- BLSE IF (RESPONSE .80. &) THEN
) Resove Nating Part
| - CALL nmmrl (PMMGID)
sLSE _ _
hpo;itiﬁu uﬂli part (so it‘s out of the vay)
CALL REPOSNMATE B |

OO0 O 000 anocn o
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c
c
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C
C
C
c
C
C
c
C




END IF 5 ELSE END |F | F(I NSPECT PRESENT) THEN C C AN
* | NSPECTI ON WAS REQUESTED IN JOB 10 C CALL JUMPCOOMON( 1) CALL ALPHAOFF 2000
C@NTI NUE CALL GETFILES(PDQLEVEL+1 , FALSE., TRUE. , FI RSTTI ME, 15 Ej
ERROR, TERM TALL) | F(ERROR OR TERM TALL) THEN CLOSE (UNIT = MSUNIT) CLCS
(UNIT * NCUNIT) END I F 20 END | F NOT. KEYBOARD. AND. . NOT. MENU)
THEN END |FF C END OF, JOB= FALSE. 25 C SET CURVE FONT , WEI GHT AND
COOOR. CCC30 C Create des called RUNJOB on top of currently active
DCS C CALL CI G CHECK BN RAME (' CIGQJOB' , EXI ST, JOB DCS PTR) | F( NOT. EXI ST)
THEN ELSE 35 C C END DO Al ready exi sts: C I F(

CHECK_DCS_PTFé EQ JOB: DCS PTR)THEN C 40 C - . . Currently active dcs
IS O QOB END o
5 CRUNJOB
Ce . . .
SUBROUTINE RUNJOB(PDQLEVEL) -
C PURPOSE: TO RUN THE SPECIPIED COLLECTION OF NC TOOLING AND
10 ¢ INSPECTION OPERATIONS) ;
c _ <
c BEGIN PROCEDURE
IF(PDQCON(PDQLEVEL).NE.Q) THEN -
15 IP(JOBSEVEREERROR) THEN
C AN ERROR HAS OCCURRED - JUST TERMINATE
o CLOSE (UNIT = MSUNIT)
20 CLOSE (WIT I'CUNI‘!‘) '
END IF o
END IP .
G0 TO0 (1000,2000,3000,4000,5000,6000,7000,8000,
& 9000, 10000.11000 12000, 13000, uooo 15000,
25 & 16000 17000, 18000, 19000, 20000) , PDQCON(PDOLEVEL)
Do 1‘1’31.80 | |
30 g initialize fixture offsets (these values are set by manusl fixture
c . o
1000 CONTINUE _ ,
c IP(CLI_JOBNAMEPRESENT) THEN = N
35¢C THERE IS A JOB<NAME IN COMNAND LINE
C
c
BLSE
D0 VEILE(.NOT. m)
40 ¢
c Job being run fros msin menu selection "RUN JOB"
2 find out hov user mu to operate
CALL CIG_ENTR CIOICS(PIIMM NUMBER OF MENU xms,
45 & - TIPR-OF Jos.nsmlsz REszCT, OPCONP)
I!(ISJICT OR.OPCOMP) THEN™
BLSE
IP(RESPONSE.BG.1) THEN _
S0 : 7 CALL usncnmm'm NAME OF JOB TO RUN: U
& - USERINP,OPCONP,REJECT)

. IP(.MOT.REJECT.AND, usnm.n.' ‘)
& THEN :

P



C ELSE.C C “Currently active des is not CIGQIOB 45 C CALL C G DEL
ENT PTR(I, JOB DCS PTR ERROR) END IF END | F | F(CREATE DCS) THEN 50 C C
Dcs ddes not exist - create on top of current DCS C CALL CI G CRE PT
COSRPS(JOB ORI G PT, PTRS , ERROR) CALL CI G CRB_PT COO?DS( JOBXAXI S, PT

PTRS(2), ERROR) CALL CI G CRE PT COORDS(J s PT PTRS(3), ERROR) CALL
Cl G CRE DCS PTR( PTRS, 'C&O0B ,JOB DCS PTR, | FCERROR) THEN END | F
5CcC del et e points used for construct [ on C CALL C G DEL ENT
PTR(3, PT PTRS, ERROR) CALL Ol G ACTCSR 503 DCS PTR , ERROR) 10
| FCERROR) THEN END IF END I'F C C WEWE% job: 15 C CALL
GETNEXTJOBLI NE( EfD- OF JOB, Fl RSTCAL ND OF JOB
AND. NOT. ERROR)s C¢3000 CONTNUE Zfun job from keybbad¥ LoksdRd hodd EN
c
€ - o
c Default data to partname
c
10 - - CALL CIG_ Gﬂ' _PARTNANE(USERINP)
ELSE
c . AU
U g _ run job from menus
15 . CALI. CIG GET_PARTNANME (USERINP)
) _ END IF- _
— : END IF
END DO |
‘CALL CLRALPBA
20 END I?
1010 FORMAT(80A1)
c CALL REMOVE SPACBS(USBRINP)
»5 g CHECK THAT THIS JOB DOBSN’T ALRBADY BXIST IN DATA BASE
C o |
IF(.NOT.KEYBOARD.AND. .NOT.NENU) THEN
c 1OPEN
. CALL CIG_OPEN_ rFILE (JOBUNITNUMBER, ! unit number
~ 30 & ~ USERINP, 1 user file
& 1, | statussold _
& 0, 1 sccessasequential
& 0, { carriages=list
& ' e, | default file name
35 & *.CJB’, ! default file ext
N & BDIT PILE, { filespec opened
é 1)1 RY,
c ¥ | ERROR_STATUS)
40 - IF (DIRECTORY) GOTO 1000
c IF (ERROR_STATUS) THEN
g CONDITION PICKED |IP AN ERROR DURIK: OPEN
45 - CALL PORCERESP(0,0) '
: Ir(GC(1).20.0) llﬂllll
: GO T0 1000
END IF
c
50 BRACK = CHAR_POSITION (lDI‘l‘ lIl.l. ']
CARAT ‘= CHAR_POSITION (RDIT FILE, '>') . 1
. START = MAX (BRACK, CARAT) :
DoT - = CHAR POSITION (EDIT PILE, ’.’) -1

JOBNAME = IDI'! ?Il-l (START:007T)

[ Y S P



cCC FI ND FI RST NCN-BLANK CHAR IN LI NE C DO

- WHILLE(II.LT. LEN(JOBLI NE) -1 25 .AND. JOBLINE (I1:11)..
EQ ' ) ENDDOCC DON' T PARS.LINES WHI CH START WTH A
DELI METER C 30 | F(JOBLI E. NE. .~") THEN | F(JOBLI NE(1: 1). NE. °Y")
THEN CALL LI BSBSTABLI SA(UNDLER) | F( I STAF7RQ 229552) THEN CALL
LI BSSI GNAL( VAL( | STAT)) 35 CALL VAI TRBSP(2) ELSE
| F(1 STAT. NB. 196609) THEN C *rror in parse CALL .
WAI TRESP(2) ESE | PARSE (K 40 : CALL LI BSREVERT
CALL PDOI NI T( _PDQLEVELgny, W:owﬂf&k&ﬁFrﬁﬁmJ (1)
| NORVAL JUMP/ RBTURNS TEr¢ENROR) @RERC PERFORM

THE REQUESTED OPERATI cmn:pr(JOBLl NE (1:4).EQ'DISC) THEN C C
DI SCONNECTSTHE MACH! BESEEROM THE COMPUTER 50C CALL Cl G DI SCONNECT
NACHI NE( POQLEVEL+1)ENBLEE | F(JO LME(1:4).EQ'NC P ') THEN. C
RUN THE REQUESTED N@(INSRECPAPRESENT) THEN . |

c , RESENT)
C AN INSPECTION VAS. REQUESTED IN JOB

10 €
CALL JUMPCOMON(1) .
CALL ALPHAOPF : o/
2000 CONTINUE
CALL GETPILES(PDQLEVEL+1, .PALSB.,.TRUE.,FIRSTTINE, .
15 & mon.‘rmxm.t.) W,
xr(mon OR.TERMITALL) TEEN :
CLOSE (UNIT = MSUNIT)
CLOSE (UNIT = NCUNIT) .
END IP
20 END IF :
IF(.NOT.KEYBOARD. nm «NOT. MENV) mm '
END IF

END_OF JOBe:PALSE.
SET CURVE PONT,VEIGET AND COLOR

25

Crute des called it’mon on top of currently active DCS

CALL CIG CRECK DCS ms('cxc.)on'.ms'r JoB_DCS_PTR)
1r(.N0T.EXIST) _
BLSE o u

Already ex_hta:fz_.é

IP(CHECK_DCS_PTR.£q.J0B_DCS_PTR) THEN
Currently 'aé"ti:v_e' des 13 CIGJOB ..

Currently sctive des is mot ciGJOI

CALL CIG_ Dll. ENT mﬂ.JOl bes: m,M)

END IPF
END I?
IP(CREATE_ DCS) THEN

Des ioes not exi:t - ctnte on top- o! current oCcs

" CALL CIG m P? COOIDS(JOI ouc ,PT_PTRS, ERROR)
CALL CIG ax ~PT_COORDS(JOB_ !AXIS T _PIRS(2),ERROR)

QOO0 0

30

35

40

OO0 000 a0

45

50

aQoOn




| F( MACHI NE CO\INECTED)' THEN 5 C check
fi'xturés in current dcs CIF(.NOT.TIF IN FI XTURE OFFSET) THEN CALL FI XTURES

| NTO PCS( -10 - PROBE
LENGTH, FI XTURE OFFSETS, ERROR) END IF | F(. @RROR) THEN 15 5000

CONTI NUE CALL Cl G RUN NC PATH( PDQLEVEL+1, &

ERROR) END | F ELSE 20 5100 - FORVAT( CALL
FORWRI TE(0, 0,0) CALL WA TRESP 2) END | F ELSE IF%*EC;BLI NE(1: 4 EQ NC F')
THEN 25 C C CGCRP-PTCOOR ﬂ!!somFlLEc
| F(MACH NE CONNECTED) THEF# E °C§ _PTR(PT_PT s,-ccho _DCS_PTR, ERRGR
fixtures are in the curre . NOT. TI P I N FI XTURE G:FSET) THEN CALL
FI XTURES | NTO ( PROBE H 35

ERROR) END I F

FI XTURE O:FSE
delete points used for dcs construction CALL O G

| F(NOT ERROR ) TEEN 40
RUN NC FI LE(PDOLEVEL+L,  &a011 c16_DEL ENT PTR(3,PT PTRS,ERROR)

ERROR) CALL CIG-ACTBCSPTR(JOB_DCS_PTR,ERROR)
10 . IF(ERROR) THEN
- END IP
o c END IF
N~ ) g get tirst co-und in job:
5
U : CALL cmzx'uomnn(m OP JOB,PIRSTCALL,ERROR)
DO VHILE(.NOT.END OF_JOE.ARD..NOT.ERROR)
C
3000 - CONTINUE
20 c IP(.NOT.ERROR) THEN
c PIND PIRST NON BLANK CHAR IN LINE
c
DO VHILE(II. LT. LEN(JOBLINE)-1 :
25 & +AND.JOBLINB(II:II).BQ.’ ’)
:No DO
c
c DON‘T PARSE LINES VHICE START VITE A COMMENT DELIMETER
c .
\'u 30 IFP(JOBLINE.NE.’ ’) THEN
: - IP(JOBLINB(1:1).NE.*I’) TREN
CALL LIBSESTABLISE(BANDLER)
IP(ISTAT.20.229552) THEN
CALL LYBSSIGMAL(XVAL(ISTAT))
L 35 CALL VAITRESP(2)
BLSE IP(ISTAT.NB.196609) THEN
C - - error in parse
_ _ " CALL VAITRESPK(2)
"BLSE 1PARSE OK
40 , CALL LIBSREVERT
: - - CALL PDQINIT(PDQLEVEL+1)
CALL AiLPHAOPP INENUS OFF
c CALL JUMPCOMON(1) INORNAL JUMP/RETURNS TO ANVIL
‘45::: ~ NOV PERPORN TEE REQUESTED OPERATION
c . IP(JOBLINE(1:4).2Q.DISC’) THEN
" " DISCONNECT TEE MACRINE PRON THE COMPUTER
4000 CONTINUE

CALL CIG DISCONNECT MACHINE(PDQLEVEL.1)
BLSE IP(JOBLINE(1:4).BQ.’NC_P’) TEEN



CALL FORWRI TE (0,0,0,) 45 CALL

VWAI TRESP(2) END | F ELSE I F(JOBLINE (1:2).EQ "' NO) THEN C C

Move machine to requested |ocation: 50 C | F(MACH NE CONNECTED) THEN CALL ,
JOB MOVE MACHI NE( ERROR) ELSE CALL FORWRIL.TE(0,0,0) CALL VAI TRESP(2) E
IF C5 ' ~ ELSE JOBLINE(2:1).EQ'I") THEN C C
| NSPECT THE REQUESTED | NSPECTI ON PROCESS®C' | F( MACHI NE CONNECTED) THEN 10

| F(. NOT. DELETED MEASURED DATA) THEN CALL DELNMDATA(DUMMY, .TRUE.) END | F

| F(. NOT. GOT gl LES) THEN CALL'.-'J URPCOVD\I(me -.]:ﬁg REQUESTED NC TOOL PATE

CALL ALPHAOFE 20000 | | | I'NUE CALL
GETFI LES( PDQLEVEL. 1. . FALSE., & IP(MACHINE CONNECTED) THEN
. TRUE. , FI RSTTI KE, & -
ERROR, TERM T@LL) 20 _ check fixtures in current des
| F(ERROR. OR. ¢ERM TALL) . THEN CLOSE (UNIT * NSUNIT) CLOSE (UNIT = NCUNIT) END
IF END I F - IP(.NOT.TIP_IN_FIXTURE_OFFSET)
& ' , . THEN
. : o ~ CALL PIXTURES INTO DCS(
19 & PROBE_LENGTH,
& PIXTURE_OFFSETS,
& _ ERROR)
END IP
' IF(.NOT.BRROR) THEN S
15 5000 _ CONTINUE o’
' - ' ' ' CALL CIG_RUN NC_PATH(PDQLEVEL.1,
& - ERROR)
END IF
BLSE
20 35100 ' PORMAT(
' .CALL PORWVRITE(0,0,0)
CALL VAITRESP(2)
~ BND IP : -
25 ¢ - BLSB IP(JOBLINE(1:4).BQ.’NC_F’) THEN
g DOUN LOAD THE REQUBSTED NC PILE
_ IF(MACEINE_CONNECTED) THEN J
c -
30 g Check fixtures are in the current DCS
IP(.NOT.TIP_IN PIXTURE OFFSET) THEN
CALL PIXTURRS INTO DCS( ,
'3 pRose_LENGTH, -
35 & PIxTURs_orrsets,
& ERROR)
END IF
IP(.NOT.EBRROR) THEN
40 - ' CALL CIG_RUN_NC_FILE(PDQLEVEL.!,
& : : _ . ERROR )
o : ' D Ir '
BLSE
_ ~ CALL PORVRITE(0,0,0)
45 : - ' CALL VAITRRSP(2)
. END I
c - BLSB IF(JOBLINE(1:2).BQ.’MO’) THEN
50 tc: ~ Move machine to requested location:

" IP(MACHINE COMNECTED) THEN
. l”'jc:I.x. J0B_WOVE_MACHINE(ERROR)



25« . - | F(. NOT. ERROR) THEN 7000
CONT] NUt CALL Cl G RUN | NSPECTI ON( PDQLEVEL+l , &

CURRENT CLUSTER, CLUSTER CALI BATI ON TABLE, 30 &
FI XEWRE OFFSETS , TI P PROBE LENGTH, TIP IN FI 'OFFSET, &

ERROR) END | F 35 ELSE CALL

FORVRI TE(, 0,0, 0) CALL WAl TRESP(2) END | F ELSE | F(JOBLINE(1:2). EQ ' AN ) THEN
40 CC PERFORM TH HE PART C 000
CONTI NUE CALL O G PERFCRM ANALYTS| S( PDQLEVEL+1)S {g%:ﬁggg‘z’s 6

ELSE | F(JObl i ne(1:2)eq AT') THEN C C END xr 2) CONNECT TO
THE SPECI FI ED MAGe! NE C. 9000 CONTI NUE 50

AL €0 COMERT I (I LS M) W ©

| F( MACHI NE CO\INEGTED) THEN CALL JOB CLUSTERSZ¥ECRRAR
CURRENT- CLUSTER, & %TEP{ I&ELFE&AQH 8‘\?“55
TABLE, : : : IP(MACBINE CONNECTED) THEN
10 . . IP(.NOT.DELETED MEASURED DATA) THEN
_ CALL ozwmn(nunm, TRUE. )
o _ END IP
"/ Ir( NOT.GOT FPILES) THEN
. _ _ . CALL JUMPCOMON(1)
15 - CALL ALPHAOFF
Y : 20000 : CONTINUE
: : _ CALL czrm.zs(roowmol. PALSE.,
s _ .TRUE. , PIRSTTINE,
& : ERROR, TERXTTALL)
20 , IF(ERROR.OR.TERMITALL) THEN
CLOSE (UNIT « MSUNIT)
CLOSE (UNIT = NCUNIT)
END IP
o . END IP
25 - - IP(.NOT.ERROR) THEN
7000 : - CONTINUE .
CALL CIG_RUN INSPECTION(PDQLEVEL+1,
_CLUSTER, -
CLUSTER™ caumuou _TABLE,
PIXTURR OPPSETS,TI?,
PROBE
TIp IN mmm _OPPSET,
BRROR) ™

U 30

T

o END IP
1\ 35 : BLSE - .
CALL PORVRITR(0,0,0)
CALL VAITRESP(2)
END IP |
BLSE IP(JOBLINE(1:2).BQ.’AN') THEN

g | PERPORM THE ANALYSIS OF TEE PART
8000 CONTINUE
~ CALL CIG PERPORM ANALYSIS(PDQOLEVEL.1)

c BLSE IP(JOBLINE(1:Z).2Q.°AT’) THEN
g CONNECT TO TEE SPECIPIED MACHINE
900 .  CONTINUR

- . CALL CIG CONNBCT MACHINE(PDQLEVEL+1)
c ELSE IP(JOBLINEB(1:7).BQ.°CA’) THEN
c
c

RUN THE CLUSTER CALIBRATION PROCESS:



5 1 FI XTURE OFFSETS, TI P, &
" PROPE LENGIH & _ TIP IN FI XTURE OFFSET,
ELSE 10 CALL FORVRI TE(O 0O CALL N,

VAl TRESP( 2)

ORI ENT THE PART TO THE MACHINE C I F (VA

END | F ELSE I F(JOBLINE(1:2). EQ'OR) THEN C 15 C
E CONNECTED) THEN C

| F(. NOT. DELETED MEASURED DATA) THEN 20
CALL DELMDATA(DUMWY, . TRUE.) END | F 10000 : -
CONTI NUE CALL CI G ORI ENT . PROCESS(PDQL IR(MACHINE CONNECTED) THEN

- CURRENT CLUSTER 25 & CALL JOB_CLUST
CLUSTER CALI BRATI N TABLER FI XTURE OFFSETS, TI P. TI EURR¥

ER_CALIBRATION(
S \ \»‘\Ar ".’."_4'

DCS PTR 385 o ABLE
FORWRI TE( 0, 0, 0) C%LL WAI TRESP(2) END | F 35 C ELSEtESFERlNERntiSy £
'OP) THENC C ¢ | PAUSE £fCIRFeRieR dffses, 40

11000

OK( PDQLEVEL+1) CELSE:_IF (JOBLINE(1:1), Gpep' V')
CHARGE VIS |

15

20

- 25

30

35

40

45

S¢

CONTI NUE CALL C G

CALL PORVRITE(0,0,0)
CALL VAITRBSP(2)
END IP /

ELSE IF(JOBLINE(1:2).EQ.’OR’) THEN
ORIENT THE PART TO THE MACHINE
IF (MACHINE_CONNECTED) THEN

IP(.NOT.DELETED MEASURED DATA) THEN
CALL DELMDATA(DUMMY,.TRUE.)
' - END IP - :
10000 - CONTINUR :
R CALL CIG ORIENT PROCESS(PDQLEVEL+1,
CUORRENT CLUSTER,
CLUSTER CALIBRATION TABLE,
PIXTURE OFPSETS,TIP,
PROBE LENGTR, :
TIP_IR FIXTURE_OFFSET, W’/
JOBDCS_PTR,
_ERROR) |
BLSE
CALL FORVRITE(0,0,0)
CALL VAITRESP(2) s
gND IP
_ BLSE IP(JOBLINE(1:2).BQ.‘OP’) TEEN
PAUSE FOR OPERATOR OK.

CALL CIG_PAUSE_FOR_OP_OK(PDQLEVEL+1)
ZLSB IP(JOBLINE(1:1).80.°V’) THEN
' CRANGE VIRVS

2000 . coNtImue
| CALL CIG_CHANGE VIEVS(PDOLEVEL+1)

" BLSE IF(JOBLINE(1:2).2Q.°RE’) THEN
 REPAINT THR SCRERN

T 000

Y R gpep

S O »OOO O
§ ..

00 O »O00n



C 12000 | | CONTI NUE CALL Cl G CHANGE VI EWS( PDQLEVEL+1)
ELSE | F(JOBLINE(1:2). EQ ' RE') THEN s5 C REPAINT THE SCREEN C 13000
CONTI NUE CALL ClI G REPAI NT SCREEN( PDQLEVEL+l) ELSE | F(JOBLINE(1: 1)EQ ' U)

THENC S C ~ UNBRANK A LEVEL C 14000
CONTI NUE CALL CI G UNBLANK LEVEL(PDQLVL+l) EL F(JOLINE(1:1).EQ'B') THEN
10 CC BLANK A LEVEL C 15000

CONTI NUE CALL Cl G18000K LEVEL(PDQLEVEL+l) 1fcoNTINUE

ELSE | F(JOBLINE(1:1).EQ'E') THENC C CALL CIG RE

TH'S SESSI ON C 16000 - BLSECENU OB mm s"“".‘{,”";f“‘-*”

| F(DI SPLAY JOB) TEEN CALL PORWRI TE(0,0,0) CALL CWAI T(200) fEL!gE CA P G s
EXI T( PDQLEVEL+2) $5 . UNBLANK A LEVEL END OF JOB TRUE.

END | F ELSE |F(JC§L| NE(1:1).EQ'P) THEN
4000 CONTINUE

| CALL CIG UNBLANK Lzm(rnoumd)
o ¢ BLSE IP(JOBLINE(1:1).BQ.’B’) THEN

g | BLANK A LEVEL
{ _ ' 15000 . CONTINUR
s . - CALL CIGC BLANK x.mz.(roouvzm)
c __ ~ BLSE IP(JOBLINE(I:1).R0.°B’) THEN
~ - g N EXIT TBIS SESSION
16000 | CONTINUE
20 IF(DISPLAY JOB) TEEN
CALL PORVRITE(0,0,0)
CALL CVAIT(200)
ELSE
| CALL CIG JOB EXIT(PDQLEVEL+1)
25 S END_OF_JOB.TRUE.
| o END IF
; BLSE IP(JOBLINE(1:1).EQ.'P’) THEN
. 30 © PAUSE POR A SPECIFIED AMOUNT OF TIME
A C _ ’
17000 CONTINUE -
.~ CALL CIG PAUSE(PDQLEVEL+1)
. BLSE IP(JOBLINE(1:4).8Q.’DISA’) THEN
\_ 35 g DISARM THE PROBE
| o IP(MACHINE CONNECTED) THEN
18000 CONTINUE
| o : CALL CIG_DISARX nou(mowm)
a0 BLSE
- | CALL PORVRITE(0,0,0)
CALL VAITRESP(2)
c D IP
45 cj ELSE IF (JOBLINE(1:2).EQ.’MA‘’) THEN
g PERFORM NANUAL FIXTURE

L S : IP(MACEINE CONNECTED) THEN
50 19000 ' CONTINUE
S CALL CIG MANUAL rxxrmcm:.zmd.
“rixtunl OPPSETS,TIP,
PROBE LENGTE,
ERROR)

N Y



ccC PAUSE FOR A SPECI FI ED AMOUNT OF TINE 30 C

" 17000 CONTI NUE CALL Cl C PAUSE( PDOLEVEL+1) ELSE

| F{JOBLINE(l:4).EEQDISA) THEN C 35 C _ DI SARM
PROBE C | F( MACHI NE CONNECTED) THEN 18000 *

CONTI NUE CALL CI C DI SARM PROBE( PDQLEVEL {10

ELSE CALL FORWRI TE(QD,0,0) CALL WAITRESP(2) END IF C 45 _

ELSE IF (JOBLINE(1:2).EQ"'MA ) -THEN C : PERFORM

MANUAL FI XTURE C | F( MACHI NE CONNECTED) THEN 50 19000

CONTI NUE CALIC CI G MANUAL- FI XTURE(.PDQLEVEL ‘skt&€lag to indicate that theFtiplURE

OFFSETS, TI P, & CcC used in the fixe(ré loffsév hasdi cat e
that the tkaZ e L not beencliguredhinto there of f set
has C c not fdsture_gbfsmtsi nto the 5 C

fixture offs&s C ELSE CALL -FOWRI TE(O, O, BOJSBCALL WAl TRESP( 2)

_. _ . CALL PORVRITE(0,0,0)
. CALL VAITRESP(2)

10 L - END I '

ELSE IF (JOBLINB(1:2).BEQ.’CO’) THEN v,

CHANGE COOIDINAT!S

1s - - CALL CIG_CRANGE_DCS(JOB_DCS_PTR, <
& ce - BRROR) ~
| BLSE IP(JOBLINE(1:2).EQ.'T0’) THEN

DOVN LOAD ML TABLES

IF(MACEINE CONNECTED) THEN
. Lg:u. CIC_DOVN_LOAD_TOOL_TABLES -
o I CALL PORVRITE(0,0,0)
25 | CALL VAITRESP(2)
END IF

gLSE xr(Joluu(lzl).m.'s')._rntn
SPAUN A COMMAND

g‘(’zgn.lo .CLIS_NEGATED) THEN

o CALL CLISGET VALUE(’COMMAND’,COMMAND) '/
3s - o IP(ISTAT.2Q.CLIS NEGATED) THEN
. o BLSE IP(ISTAT.BQ.261401) THEN

ann

aOno

20

30

ann O

USER SPECIFIRD M'MM PILE

40 : S CALL CLISGET_VALUE(’OUTPUT PILE’,
s L - OUTPUT_PILR)
B I?
 IPCISTAT.R2Q.CLIS NEGATED) THEN
~ BLSE IFIsTaT.BQ.261401) THERN

. USER SPECIPIRD AN W‘!‘M FILE

. o CALL CLISGET VALUB(’INPUT PILE’,
& | - . INPUTTPILE)
50 R END IF |
| SPAVN THE JOB

NOTE: IP NOVAIT SPICI?IID. THEN THE
AST COMPLETION ROUTINE CALLED SPAVN_BANDLER

ono

45

OO0

onan



10+ - END | F ELSE | F (JOBLINE(1:2).EQ ' C0')
THEN C, - CHAE 'COOl DI NATS C 15

caLL c\G CHANGE DCS(JOB DCS PTR, ELSE | F(JOBLINE(1:2).EQ 'TO) THEN C C
 DOMVLOAD TOOL TABLES 20 C | F( MACHI NE CO\INECT%}LTHEN CALL CI G DOAN LOAD
TOOL TABLES ELSE CALL FORW TE(O, 0, 0) 25 -

CALL WAI TRESP(2)  END | F C ELSE | F(JOBLINE(1:1).EQ'S ') THEN C 30 C

SPAWN A COMVAND Cgl F(1 STAT. EQ CLI S_NEGATED) Jﬁ‘;%b CLI SGET VALUE( '
COVWAND  COVMAND) ¢35 . | F(1 STAT EQ CLI S

NEGATED) THEN ELSE | F(I STAT. EQ . 261401) THE | .,

USER SPCI FI ED. AN QUTPW§ FI LE 40 - -Nﬁlﬁg’"}“‘”‘ ,sAND. o

CLI SGET VALUE('SOUTPUT &I LE , END IF IF (I STAT,%g ol Wh-BRaTER) THEN ELSE

| E (1 STAT EQ 261401) THEN C C T USEER .
SPECI FI ED AN QUTPOT FILE C CALL CLI SGET_VALUE (spANNUIfH N6 INPYP 6R GUTPUT PILES

SPAWN THE JOB € _
' ELSE IF(INPUT_PFILE.BQ.’ ') THEN

10 ¢
c ELSE IF INPUT FILE NULL, THEN SPAWN
9 c VITE JUST OUTPUT FILE
c
BLSE
1s C _ '
U, g BLSE BOTE PRESENT
| DD Ir |
2 ¢ IP(ISTAT.NE.SS$_NORMAL) THEN
¢ ~© COULDN'T SPAWN - STOP THE JoB
20100 ' 'PORMAT(’ Your sub-process could not/’,
2 - B CALL LIBSESTABLISE(BANDLER) '
CALL LIBSSIGNAL(XVAL(ISTAT))
_ CALL LIBSREVERT
; CALL PORCERES?(0,0)
(N 30 ¢ BLSE '
g VAIT A SECOND POR ANY OUTPUT TEAT MAY B
CALL CVAIT(200)
| | om0
A 35 BLSE
g . THIS SBOULD BZ IMPOSSIBLE
16100 PORMAT( ’ UNRECOGNIZED COMMAND IN JOB:/’.,
40 CALL PORVRITE(0,0,0)
CALL VAITRESP(2)
. poI | .
END IP
c | .
45 END IP
PO IF .
END IP o
IP(JOBSZVEREERROR) TREN
END IF
50 IP(KEYBOARD.OR. NENU) THEN

IF KEYSOARD INPUT, THEN RESET T0 NO ERROR CONDITION SO
ADOITIONAL COMMANOS MAY STILL B8 INPUT |

(e X Ne X!



C

NOTE | P NOMTT SPECI FIED , THEN THE C

"~ AST 'COVPLETI ON ROUTI NE CALLED SPAVWN HANDLER C

GETS CALLED C I F(INPUT. FILE.EQ ''.AND. QUTPUT FILE.EQ ') THEN C C <

SPAW W TH NO | NPUT OR QUTPUT PI LES C ELSE IE(INUT FILE.* ') THEN 10 C C

ELSE | F INPUT FILE NULL, THEN SPAWN C :

W TH JUST QUTPUT FILE C ELSE 15 C C ELSE

BOTH PRESENT C END It | F(ISTAT. NE. SS$ NORVAL) THEN 20 C C :

COULDN T SPAWN

FORMAT(' Tour sub- procegﬂdm ERROR)/ THENCAL | LI BSTLABLl SH( HANDLER) 25
ETNEXTIQALINEGRNDAOF _JOBRFIRSTCAL

CALL LI BSSI GNAL( VAL( I STAT)

C
C

5

10

15

20

25

30

35

45

o0 Oﬂd

noa

s NsXe]

0

anon

STOPENPEIBIOB C 20100

BGERRORF| SE 30 C

WAL T A SECOND FOR ANY OUTPUT THAT MAY BE

uuomuz RQ.’MENU’ .AND.END OF JOB) THEN
| coroxoooncouauumﬁuvz

END IF

Check that the user did not try to change dcs:

IP(.NOT.ERROR.AND. .NOT.END OF JOB) THEN |
""IP(CBECK_DCS_PTR.KE.JOB_DCS_PTR) TEHEN \/

Job dcs vas ‘changed in middle of run:
" CALL CIG_ACTDCSPTR(JOB_DCS_PTR, moa)
END IF
END IP

D0
IF(MACHINE CONNECTED)

méixui 'vAs" CONNECTED - DISCONNECT IT
xr(usrmam TYPE.NE.0) TEEN
DISCONNECT DEA ONLY IF NO EXRORS VERE DETECTED
IP(LASTHACHINE_TYPE.EQ.DEA_NACHINE_TYPE.AND.

&  .NOT.ERROR) “THEN

CALL DIWCI(MSWCIIR ﬂ?l..‘l'lll! '

‘ . b .nlll- 'O)

END 1P NI
IP(LASTMACHINE TYPE.NE.DEA RACEINE TYPR) TEEN e
CALL DISCORNECTMACB(LASTMACEINE TYPE,.TRUE.,

&  ..mam.,0)

2
B
B0 I7

rueunto orlgiul des Inforc entering this routine:

IP(ORIGC 0CS PTR. NE.0) THEN .
CALL CIE ACTOCSPTR(ORIG_DCS PTR,ERROR)
CALL CIG_DEL_SNT !TI(I Jou Bcs m.mou)

=



CALL GVAXT(200) ND I F 35 | ELSE C C
TH S SHOULD BE | MPOSSI BLE C 16100 .

FORMAT(' UNRECOGNI ZED COMMAND | N JOB: /', 40

CALN— FORWRI TE(0; 0, 0) CALL VA TRESP( 2) EE@#LF END I'F C 45 END | F

| F(JOBSEVEREERROR ) THEN 50 EYBOARD. OR. MENU) THEN C C

| F KEYBOARD | NPUT THEN RESET TO NO ERRCR CONDI TION SO C

ADDI TI ONAL COMMANDS MAY SAlthoBEhl NEHE CbestENDmokE | FeoNOEmpRREOS)E THEWL

RS CONAVE, 0. WERDF YANS, CRIYCr 5ty PFRSRR TR YEbo PEn ReR 1 HERNEESSP

ENDIFCC shgnackamﬁatdEHcrubcd.dldtnotwud} t obehangppdcentl0 that

Job des vas chaniSa A mCHIe of My TR eion. ey "opindd FRBknbieY ©
eparting from what is regarded to be the subject
matter of the invention.

HMS:smb



CALL C PTR (JCB DCS PTR, ERROR) END IF END I F C 20 END DO

CHIN ED) & THEN C C MACHI NE WAS CONNECTED -
C | F(LASTMACHI NE TYPE NE.0) THEN C C W/

3> CNLY I'F NO ERRORS V\ERE DETECTED C 30

ASTNACHINE TYPE EQ DEA MACHI NE TYPE D. & NOT. ERROR) THEN
CALL DI SCONNECTMACH( LASTVACHI NE TYPE, . TR & .TRUE. .0 END IF
: _ - . I F(LASTMACHI NE - TYPE NE. DEA MACHI NE TYPE) THEN CALL
DISCCNNECTNACH(LASTN%CHINE TYPE, .TRUE., & : TRUE .0) 40
END | F C CLAIMSegeactivate orlglnal dcs before entering this routine: C
| F(ORI G DCS PTR. NE. O) THEN 45 ) CALL Cl G ACTDCSPTR(ORI G DCS PTR*

ERROR) CALL CI G DEL ENT PTR.(1,J0B DCS PTR, ERROR) END | F END Al t hough
the best nDde cont enpl at ed for carrylnf put the present '
i nventionl-hasA Bethok RS rABRLYAiNgdatRskelating to aphysicpd part

appar ent t hat
having known design features and using a computer coupled to a

multldlmenszonally movable position measuring apparatus for
determining the position of'phyaical features of the part, v/
comprising the steps of:-
constructing data representative of an inspection gage
using said known design features:;
measuring the positions bf corresponding physical
features of the part to obtain measured part data; and,
‘comparing the inspection gage data with the measured part

data.

- 2. The method of claim.1 and for inspecting the physical
part wherein the known design features are dimensional
features and tolerance call-outs; the mmthod comprising the.\“j
steps of |

constructing a multidimensional model of the inspection.
gage using the part's'dimensional features and tolerance
call-outS: . |

~generating an inspection path relative to the part,
moving the position measuring apparatus along the
inspectidn_path:

conatructing a multidimensional model of the physical
‘part using the measured positions of the physical

. features: and



nodi fication and vari ation may be made wtho lng from
what is regarded to be the subject matter of then!!j ﬂrﬁmr nb

CLAI Ms: 1. A net hod of analysing data relating to a p i ng
knownr design features and using a conputer pled to a nmultidinensionally
novabl e position neasuring apparatus for de I ni ng the position of

physical features of the part, conprising the steps of:- constructing data
representative of an inspection gage using said known design features;
measuring the positions of correspondi ng physical features of the part to
obtai n neasured pHFPRBAFANT,the cﬁﬁﬁ??gg%aa%m@@?énw theaphvsicak
measured part data. 2. The method of claim 1 and for, inspecting the

physi cal part wherRATE (BRA&L i IRKSTRINQ AL, Ehe Physh sl PFR| 15 csithin or
and tol erance call-quts, . the nmethod conprising the steps of constructing a
nul ti di mensi onal rﬁ}b’élo%ft‘ffﬁnr'}%%e%f‘?% ﬁ&??ﬁgs?’he part's di nensi onal
features and tol erance call-outs; generating an inspection path relative to
the part, noving the position measuring apparatus along the inspection

o S S} oy WA AN el AL | M pted o e
:O:nssieg; | ogag%%ﬁw hid hwaﬂfﬁ" RHd "BEYp ! bl ¥dRERIdctihg a
multidimensional inspection gage model comprises the steps of
Y obtaining data indicative of the known dimensional
features and tolerance'céll-buts of the physical part;
displaying a model of the physical part derived from the
obtained data; | |
selecting from the'display-the dimensioning and
tolerancing standard applicable to paft features to be
inspected; and,

\~f selecting from the display the design features to which
the standard appliés, whereby data is obtained indicative

of the gage.

4. The method of claim 2 or 3 wherein a displaf is coupled
to the computer and wherein the étep of generating an
inspection path comprises the steps of _ '
illustrating fhe-inspection path on the display:;
fofming a path_program”corresponging to the'illusﬁrated
path; and, | |
converting the path program to instructions intelligible

‘to the movable position measuring apparatus.



OUT‘BT'FBTEFEHEE‘?an1the conparison. 3. The nethod of claim2 wherein a

3“1 ‘ m\mﬁm}j to the conputer and wherein the step of constructing a
[‘W i M8 nspecti on gage nodel conprises the steps of obtaining

ata 4 ndi cAtiVe of__the known di nensional features and tol erance call - out

of the physical part; displaying a nodel ttlhe physical part derived from

the obtained data; selecting fromthe displFay the di nensioning and

tol eranci ng standard applicable to part features to be inspected; and,

selecting fromthe display the design features to which the standard

applies, whereby data is obtained indicative of the gage. 4. The nethod of
claim2 or 3 wherei Fhe methed\of sctaipl| éd B80orhéd wWbepeLsr dadd ssHakeiirs t he”

step of generating an inspection path conprises the steps of illustrating
the inspecti onc@PaPhedntehehei SPrRYLeF orRANYhETrBaRhtPROGIEER &8t r esponding to
the illustrated path; and, converting the path programto instructions

intelligible teORRETRBLERT 2 pBY] ELBENARESORRAGMEPEAr 8fushe Physicaihe

met hod of claim?2, 3 or 4 wherein a display is. coupled to the conputer and
wherei n the stBprefceBRELFA8t FRG &tRBFt Pdi nensi onal nodel of the physi cal
part conprises-the sﬁgss of obtarninﬂ Bant din%nsional ata as the

measuri ng appar at usCRb8L818FRATFhEIPREFAOPRIN 9p5RN 2S . MRASHEHGg the U/

di nensi onal data. 6, __ The metf 2 i3 ;5 wherein a displ
s Coupl 00 to tne cARBAFAFU-BOTRs atRnf, Ehe: shephelien TS 0 ISR Y

st eps of-displayingpggﬁ,inggggtion gage nodel and the physi cal _ w

displaying the dimensional data.

6. The method of claim 2, 3, 4 or 5 wherein a display

is coupled to the computer'and_Wheréin the step of

comparing comprises the stéps of |
‘displaying the inspection gage model and-the physical

part model;

" ‘aligning the gage aﬁa_pért models on the display by
appropriate translation and rotation; and,
detecting the fit of the gage and the part. Y

7. The method of claim 6 wherein the step of detecting
comprises the steps of visually detecting and mathematically

detecting.

'"8.'."The,method of any'df'blaims 2.£o 7 tégeﬁher wiﬁh thé
'stepsibf"sfdfing each or all of | |
the constructed gage data;
instructiqns to‘the mévable poéition"méasuring
-, apparatus; |

- part dimensional data.’



part nodel; aligning the gage and part nodels on the dlsplaﬁﬂﬂy appropriate

translation and rotation; and, detecting the fit of the 'm&nm
7. The method of claim 6 wherein the step of detectln Hﬂ'

st eps ot visual |y detecting and mat hematic detecting. 8. "Th% rfet tod
of any of clains 2 to 7 together with the steps of storing each or all of
the constructed gage data; instructions to the novabl e position neasuring
apparatus; part dinensional data. 9. The nethod of any of clains 2 to
7 wherein the step of nDV|ng t he position nmeasuring appar at us conprises the
steps of detecting®the BhgInethopat any «aff R1aiRs oF ithtT mpatrin nepect i on
path to correspond with the part orientation; and, noving the nmeasuring
appar at us al ong th%“%?|%%t@ﬁp4?&uﬁﬂﬁ|Eﬁﬁkﬁ&9ﬂ @§F5W¢k9?m§93ﬁriﬁ4%uﬂpm9rlSe‘
claims 2 to 9 together with the step of indicating if the part is

r ewor kabl e or scraﬁ‘%h%ﬁePﬁ % deterntned to be out of tolerance. 11. The

met hod of claim 10 wherein the St¢ﬁ; |nd|cat|n i f the part is reworkable
~conprises the steps of ?Y%ﬁ?+ﬁﬁt AR¥IICA ! RATT RIAIDTA IR t he known

t ol | -out t.h | t d t de th th

odel - and T ndi eati ng SRARREHIE K Btesir O o e SIETHE kR

fits the altered part aﬁgwhé Eépmlf% giq:goa&,ge da?r?cf not f|t 12. The net hod
1 S _

o~any of clains refn eps
moving the measurlng apparatus along the oriented

Y, , inspection path;

10. The method of any of claims 2 to 9 together with
the step of ihdicating if the part is reworkable or

scrap when it is determined to be out of tolerance.

"11. The method of claim 10 wherein the step of indicating
if the part is reﬁorkable compriees the steps of
N ' ' altering the-physicai part model within the known
tolerance call-outs; |
recomparing the altered part model with the gage
model; and,
ihdicating that the physical part is reworkable if
the gage fits the altered part ari scrap if the gage

does not fit.

12. The method of any of claims 2 to 11 wherein the steps
_ - of constructing multidimensional models of the gage and
.part comprise the steps of constructing three dimensional

models.



of structing nul tidinmensional nodels of the gage and part conprise the
stzﬁgﬂa?-36ﬁ§TTUt%+ﬁgfthree di nensi onal nodel s. 13. The method of clains
1,[ 'ﬁm 2 wherein the known design features are critical andu
ma) I€ ,% eatures and call-outs in accordance with a known
geonet¥i ¢ dirmemsi'bni ng and tol eranci ng stangard, including the additional
or nodified steps of obtaining the critic and maj or di nensi ons and
tol erances of the part; displaying the part nodel including the critical
and maj or dinensions and tol erances; selecting on the display the known
tol erancing standard and part di nensions to_which the known standard
pertains; and, 1BernThg BethodcpfeSéAinsi Ye 8¢ 4+t Ared- anfehddi wharedage
represented by the selected, tol erancing and standard part dinensions. 14.
The nethod of 5R§ &ROWRaARE1IGN: §€28uFr8FetRBr CRitACRheaBlePpadPrascert ai ni ng
the syntactic Qorrectnesi f the tolerance_call-outs. 15. . The nethod of
clains 13 and ?&mEEﬁﬁPP§'ngeFHBrEFeBnéfcéé&éPP&ﬁnFﬁgaFﬁéréﬁﬁF&cWFéh a
correctness of . the known criti ¢al and-nahor t Iergnce call-outs prior to
formng the t hkBEWE| RERBEERAF G4BENS1BNLngaNAcERORTENCLRG AE8BAREpr i si ng
the step of nodifyi the, tolerance _cal | -outs.if found syntactically
incorrect. .1§F¥¥Hgnﬁe§H8d?§F1§ﬁ§n8 8Faﬁﬁ§1f2eposf§P§nSEincluding the
step of aligning thg tlsgerdl FRRSLEIRL cHI98hathaliBE HIARMEIURB R CaL Ur e
wi th the inspection gage fode - o _ o i
s tolerances of the part: ' o/
displaying the part modél including the critical and
. major dimensions and: tolerances;

seleciing on the display the known tolerancing standard

and part dimensions to which the known standard )
pertains; and,
forming data representative_df a th:ee-dimensional
‘gage répresented by'the selected tolerancing and '\,/

standard part dimensions.

14. The'method of any of claims 2 to 13 together with the§~)
step of ascertaining the syntactic correctness of the

. tolerance call-outs.

15. The method of'élﬁims_IB and 14 ccmprising the step of
ascertaining the syntactic correctness of the known
critical and major tolerance call-outs prior to forming

-- the three-dimensional gage.

'16. The method of claim 15 comprising the step of
modifying the tolerance call-outs if found syntactically

ingorrect.



18: The method of any of claims 1 to 17 conprising the steps of calibratin
the position neasuring apparatus. 19. The nethod anal ysin “I“E"mﬂmﬂ Llﬂmr
-claims % to 18 and t her eby controlllng a machi ne for perf
on\the part, conprising the steps of: attag?tﬁg the machine to a system
I ncluding the conputer coupled to the nulti nsional |l y novabl e position

nmeasuring apparatus and coupling to the conputer a store containing CAD
data relative to the part to be subjected to analysis and for receiving

data relativejo tfige PR¥EhER! o@@ﬂﬁ%@tbﬂﬂlﬂfs 4he drié ahar '1'?:9:1%d1ng the

plurality of physical tfeature data for |ike features neasured on
plurality of $Eeps9faad;gﬂahqrMhertprée%dmmenainmnl|nodak|m;tﬁnepmeasured

features the sa n_the S 20, The t hod of cl 19 conprising the
step of indi c%?ﬁﬂeggﬁﬁé%?s OVP%bntEl??)llm o FRER B9 e Bternmination is

that the part features are not being nmade the sane as in the past; and,
investigating the cause of the out of control condition. 21. The nethod of
claim 20 conpi8si nMhe methe@sobf anyr ofctladmshd dausky cdomprising othe osteps

condition; making a,limited run of fh anpd deternlnlng if the
machine |6 moRE A bHPrating, the Somit ohnessvalig cApRsratis 2y | The
met hod of claim 19, 20 or 21 conprising the step of continuously updating

the store of - physi cal featurqfdata for like part features. 23. The
net hod of O al9n 19Thedmethpdc@aadysingigdataobfsanyerat ¢hbaimspdr frar Rl apd

ot 1+ BrbF e b SOTELAS A ea51ShcBRs heHECPERRLoPEREISHE LS ene
reasur i ng aperer s SompE Ry e s 5 the sequence of operat i ons
by the machi ne attaching the machine to a system including the computer
coupled to_the multidimensionally movable position
- measuring apparatus and coupling to the computer a store
containing CAD data_relative to the part to be subjected
to.analysis and for feceiving data relative to the
_ physical configuration of the'part:

- | storing a plurality of physical feature data for like

| features measured on a plurality of'partst and,
| determining if the machine is making the part features

1\ : _the same as in the past._. |

20. The method of claim 19 comprising the step of indicating
an out of control condition when the determination is that the
part features are not heing made the samg as in the past; and,
investigating the cause of the out of control condition.

- 21. The method o£~¢1aim-2o comprising the steps of correcting
the cause of the out of control condition; making a limited
run of the parts:; and determining if the machine is making
parts features the same as in the past.



and the positi uring apparatus; and, disconnecting the nmachine. 24.
The met hod of claim 23 conprising the step of sinmulating the steps of

‘“ mﬂﬁmng calibrating, identifying, designating, analysing and
m‘m‘m E bservation. 25. Apparatus for inspecting a physic
parv havi hg kndwn "di nensi onal features and tol erance call-outs, conprising
means for constructing a nultidi si onal .nodel of an inspection gage using
t he part di mensional features ang7zolerance call -outs; means for neasuring
the part features to be inspected and for providing inspection data

r eépresent ative thereof means for constructing a nultidinmensional nodel

of the inspected part using the inspection data; and, neans for conparing "

t he |ns§ect|on g@ge nmodel _wi th the inspected part- nDdeI .Whereby conpl i ance

with ded?gn dat FheomethedeLf Ll netl 96,21 °°11'B§1§ib}3€r Ehgssepcrfi m
25 and further co Si dlnen5|on I vapl e p I on asurin
appar at §8P apumgﬁf BoAEEngh the SR oRes oo B 1RBLE £ERE RS, RATH £O
generat' an | ion path relative to. the part -defining novenent of the
posi ti ont agﬁ %Bﬁ?ﬁfus ~and, neans for noving the position measuring

‘apparatys al ong {rﬁree_ 541 82 RAL4n2To ang 88 SRAHEUSRTN QI aébandu

for conparing a nenS|on nodel an in I on gage

t hr ee- déﬁggghegaltonmel petf B WhA ik eﬂa@ﬁiﬂe UShNghe"Pads! 2 ngﬁ?ﬁé‘ st gn

and furt conpri si ng ‘conput er- néans coupled to recerve t heé

data; dtpal a¥epBaBg coupled to said conputer. for displaying nodels of the

desi gned part, the inspection gage and the nanufactured part; and, o/
informing the system of the identity of the machine;

connecting the machine to the system;
identifying a point on the CAD model for orientation of
the pos1tion measuring apparatus and the machlne.-
de51gnat1ng the sequence of operations by the machine
and.the pos1tion measurlng apparatus. and,
disconnecting the machine.. .' ._ .3'_ /
24. | The_nethod of ciaim.23 comprising the step of simulating
the steps of informing, connecting, calibrating, identifying,
designating, analysing and_disconnecting for observation. ~
25. Apparatus for inspecting a physical part having known
' dimensional features and tolerance call-outs, compr1s1ng
means for constructing a multidimensional model of an
1nspection gage using the part dimen51onal features and
tolerance.call-outs:
means for measuring the part features to be. inspected
and‘for providing inspection data‘representative

thereof;*



keyboard neans coupled to said conputer for selecting particular part

di nensi onal and tol erance call-outs on the designed part rmm uﬂﬂamu&

from which selections data descriptive of the inspectild E ﬂﬂ'""ﬂ
obtainedy said inspection gage and mapufactured part nodel s béiny conpare
visually on the display and nmat hemat i éZLy by the conputer to determne in
and out of tolerance manufactured part conditions. 28. The appar at us of
claim 27 wherein the position nmeasuring apparatus conprises a position

. sensor attached to a noving nenber; the position sensor being a coordinate
. measuring machi ne, a non-contact inspection systemor a nunerically

control | ed machine tool adapted with a contact sensor. 29. ~The
appar atus of cl ah&aR8 £6PLonisheuERIny f#fm&%ﬂﬂr@éﬂﬁ%ﬁﬂ Gt 5P Nthe
sensor. 30. The apparatus of any of clains 25 to 29 conprising neans for

i ndi cating whet henspaetaanf;aaetuéeﬂ Pehé iﬁ_srgéwﬁilSﬁthtQE gRaap if it is
determ ned to be out of tolerance. gl. : e apparatus of claims 27,28,29

or 30 wherein theahsspert compgdnganhednspaitiical gajd medEl SwatR the

di spl ayed sinul taneously in distinguishable form whereby conpliance with
desi gn data tol einapecitedvipartt | podelai mheredsy complianceppdartit udesignl ai m
7 wherein said neans for conparing conprises means-for displaying

cOfpl i ance wit h d8%aghoderancesciandeterminediar form 33. The
apparatus of claim 27 wherein said inspection ath - and the part

features to2Be i nspetREdAPRAXALREaPEd SLPpER| FPoARA ofusiherpponprising a

oA Tt CRRTRETE OE REAUEp R
measuring the part features to be inspected;
means for generating an_inspectidn path relative to the
.part.definiﬁg movement of the position measuring
apparatus; énd,' |
meané for moving the positioh measuring épparatus along

the inspéction path.

L
27. The apparatus of claim 26 and for comparing a three-
'dimensional model of an inspection gage'to~a three-dimensional
s " model of a manufactured part using CAD data for the part, and

further comprising
‘computer means:¢Oup1ed to feceive the.part design data:;
display means coupled tolsaid computer.fér displaying
‘models of the designéd pért, the in#pectién gége ﬁnd
the manufactu:edlbart: and, | |
. keyboard means Qoupled'tb said cohputéf for selecﬁing
pérticular part diméhsibnalland_tolerﬁhcé call-outs oh

the designed part model display; from which' selections



diﬁepsinns and_t ol erances. 35. The apparatus of any of clains 25 to 34

|S|n neans for determning tol erances for specified part features to

WBM E"!ﬂ]mﬁm“ ption of the manufactured part. 36. - The appar \e/s
to 35 wherein conputer aided design data is avail abl

for a natlng pa?t to the manufactured part, conprising means for anal ysing

the worst case mating part and Q?nufactured part tol erances to determne if

tol erance interference nay exist d nmeans for displaying the analysis
results. 37. The apparatus of any of clains 25 to 36 wherein the
apparatus is capable of being connected to .any one of a variety of nachines
for performing a job conprising means for identifying the nmachine to which
the apparatus will be attached to performthe job; neans for pronpting an
oper at or dur jag e Ridy Opt Pl e NG @hd 01 A8 pROELHRT. g{a{r&anfin&&él dgfd ni ng
the orientation of the manufactured part to be subjected to the job

process; neaagtaﬁgédgnterlng t he def|n|t|on of any job nake and | nspect
operations into the apparatus; - and, neans for analysing part feature
measur enent sshdd desperitiong gage aewdl mahufkictaired part3hodellse Ldpry at us of
cl aim 37 wherein said neans for anal ysing conprises neans for statistically
i nspect i ng - peomparaduvdiswaddyr emethe displaypand alaitﬂnema‘tum.‘lfyacth}r ed u
parts to determine if the parts are being -made as they were made in the
past. 39.. Thkheypparputenite| detadsmingprini agdmaut P8 toheransss|y
storing part feature measurement data for said population, and means for
statistical | PoRR PF§P§§ i@ﬁtp&HP 2O0Se neasurenent to detern1ne i f paﬁﬂa

manuf acturin ess |s ercr5| cC bl e ,control . The a aratus
of cl ai 37 \?\,hg r]%igqépﬁlgl erein the pos:l. ion meds uring

' apparatus comprises a pos1tion sensor attached to a moving

member; the pos1tion sensor being a coordinate measuring
machine, a non-contact inspection system or a numerically

controlled machine tool adapted with a contact sensor.

29. The apparatus of claim 28 comprising means for
calibrating said position sensor. I
30. The apparatus of any of claims 25 to 29 compris1ng means

for indicating whether the manufactured part is reworkable or o

scrap if'it is determined to be out of tolerance.

31. The apparatus of claims 27,28,29 or 30 wherein the
inspection gage and manufactured part models are displayed
Simultaneously 1n distinguishable form. whereby compliance with
design data’ tolerance is visually obtained.

32. The apparatus of claim 27 wherein said means for
Qomparing comprises means for displaying compliance with design
data tolerance 1n tabular form.=

_33. ' The apparatus of claim 27 wherein said 1nspection path



conprises nmeans for determining if the manufactured par{_TEIT:QﬁiWEﬂﬂT?TT*“
the neans for conparing indicates nonconpliance with tngumuﬂmun

tol erances. 41. The apparatus of claim 37 conprising , ”m'e"t’m]g
exesdtion of a defined job. 42. A nethod of anal ysing data rel &ifg 80 =
physical part as claimed in claim1 substantially as described with
reference to the drawi ngs. 43. Apparatus for inspecting a physical part as

clainmed in claim25 and substanti al | éF described with reference to and as
illustrated in the draw ngs.

and the part features to be inspected are displayed superimposed
on said manufactured part model. o
34. | The apparatus of any of claims 25 to 33 and comprising
means for determining tolerance syntax propriery utilising the
dimensions and tolerances. | - |
35. °  The apparetus of any of claims 25 to 34 comprisihg means
for determining.tolerances for specified part features to be
added to the-description of the manufactured part.
36. The apparatus of any ef claims 25 to 35 wherein computer
aided design data is available fer a mating pert to the
manufactured part, comprising means for ahalysing the-worst_ease
mating part and manufactured part tolerances to determine if
./ - tolerance interference may exist, and means for displaying the
analysis results. : .
37. The apparatus of any of claims 25 to 36.wherein the
o/ epparatue is capable of being connected to any one of a variety
of'mechines'for performing e job chprising means fer
identifying the machine to which the apparatus will.be attached
to perforhfthe job; | | |
means for proﬁpting'an operator during'definition of
the job to be executed,'means-for'defining the
-orientation of the manufactured part to be subjected to
the job process; o

means for entering the definition of any job make and
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inspect operations into the apparatus} and, means for ;
analysing part feature measurements for_determining job
control effectivity.' | _ _
38. The apparatus of claim 37 wherein said'means for
analysing comprises means for statistically inspecting part
feature measurements from a population of manufactured parts
to determine if the parts are being made_as they were made in
the past; _ .__. L
39. The apparatus_of clainm 38“comprising_means for
continuousl&;storinq.part.feature measurement data for said
population, and means for statisticaily anaiysinc each part
feature measurement to determine if part manufacturing process
is exercising acceptable control.
40. The apparatus of claim 37 wherein the means for analysing-
comprises means for determining if the manufactured part is
reworkable if the means. for comparing indicates noncompliance'
with the design data tolerances. _
41. The apparatus of claim 37 comprising means for simulating
execution of a defined job. o o
42. A method of analysing data relating to a physical part as
__claimed in claim 1 substantially as described with reference
to the drawings. _ _ _ _
43. Apparatus for inspecting a physical part as claimed in
-claim 25 and substantially as described with reference to and
‘as illustrated in the drawings.. |




