GOMPUTER CONTROLLED DI SPLAY SYSTEM Thi's invention relates to a cShud&3EA
control l ed display for inspection and analysis of predeterm ned part
fieatures on a manufactured part coupled to CAD and tol erance data for the
manuf actured part. A nethod of analysing data relating to a physical part
havi'g known design features and using a conputer coupled to a

mul ti'di mensi onal | y novabl e position neasuﬁlng apparatus for determ ning the
position of physical features of the part and apparatus for inspecting a
physi cal part having known di nensional features and tolerance call-outs are
described and clainmed in our co-pending application No. 8718181. A nethod
of investigating tolerance call-outs on nmating parts wherein design and

tol erance data for the mating parts is available in nenory is described and
clainmed in our co- pendingggﬁollcatlon No. 9007381 8 2 According to the
present invention, a conpu - EROLL : BYEFEM nspection and
anal ysi s of predeternlned part features on a nanufactured part coupled to
CAD and tol erance data for the nmanufactured part conprises:- a display;
means for sinultaneously displaying a design data nodel of the manufactured
part and an inspection path about the part nodel for the predeterm ned part
features; and, means arranged for selectively altering said inspection path
on said dlsplay The above and other features of the present invention are
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a manufactured part coupled to CAD and toleranée data for'the
manﬁfactured part.
‘A method of analysing data reiating to a physical part
having known design features'and using a computer coupled to a
multidimeﬁsionall& movable position measuring apparatus for
determining the position of physical features of the part and
oo apparatus for inspecting a physical part having known
dimensional feanres and tolerance call-outs are described and
claimed in our co-pending application No. 8718181.
A A method of investigating tolerance call-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.



5 conputer . integrated gaging system of the present invention.

Figure 3 is a perspective view of a nodel of a manufactured part subject to
i nspection by the present invention. 10 Figure 4 is a

per spective view  of an inspection gage constructed through the
use of the present invention. Figure 5;is a diagram show ng inspection
path generation as used in the present invention. 15 : Figure 6

is a plan view of the inspection gage of Figure 4. Figure 6B is a plan
view of the manufactured part of Figure 1. Figure 7 is a flow diagram
showi ng detail of 20 initial portions of the flow diagramof Figure 2.
Figure 8 is a flow diagram showing detail of subsequent portions of the
fl ow di agram of Figure 2. Figure 9 is another flow diagram show ng
detail of the latter portions of the flow diagram of 25 Figure 2.
Figure 10 is a data flow 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
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for the Pmﬂﬁéﬁsﬁ 1&%§eé€15hgﬁh%5¥%af§s;s of gfe@éﬂgéhlﬁéd'ﬁ%r@

plan view o t with syntactically Incorre part ature
cal | -out. Fegtuees5ons & m&mmfa(d:ﬁ!ré& ba?tp%bhquedﬂwrem &hd Wdlerance

another syntactically inappropriate part feature call-out.
data for the manufactured part comprises:- .
~a display; = = -.. 3 e
 means for simultaneously displaying a design data model
-of phe manufaétured part and an inspection path about the -
part model for the predetermined part featﬁrés; and,
mgahs arranged for_selectively altéring-said inspeétion'
~path on said display. |

. The above and other features of the present invention -are

111ustrated by way of example, in the drawlngs where1n°-."



5 . Figure 16 is a plan view of mating parts illustrating
conpati ble part feature call-outs. A short title for the function
performed by the system disclosed herein is conputer integrated 10
gaging (C1G. The systemof the present i%vention may be seen with
refeKNpce to Figure 1 wherein a conputer 1,1, such as the VAXI|/780*, is
coupl-éd to a display 12, such as the Textroni x 4115*. A
keyboard 13 1is 15 prOV|ded for entering information into the systemfor

-use by the conputer. ﬁgggrolhlngssy§teglﬁggra§iggfay'sgﬁgwgﬁgerggge

for keyboard operation |s ovided at the d mechani sm robot
14 for prOV|d|ngCPﬁpééeBFnEHEFﬁnaﬁ ﬁbﬁeﬁﬁﬁFEMAPﬁthQ BERSEREhLABVEBLARRB .20

is exenplified by the Autegglhirs poRgt gdeghgpat a@a&k%%@elat&ngan%a thé
is mounted in a known positio overlying a workin

LLi1 1200 to deBeFRMRECER oLRERBEAESH of SA9NAR: SYSEBD: | RE okPn BRESERS ng

support surfacelnﬁgntloﬁ sensor 19 is attached to the 25 robot 14 and

is exenplified by the _non-cogtacting_ins n ] ), de wn _i_.n
Fgure 1 as a SELOOM | asBR3UERdote o PerIBRERLEE paRN Becck, (RpdRR "
position sensinga dewanafat®uredul gartonsubtjectf toa inspecdiinat ebgeashei ng

machi ne (CVW) ongggtnqgg$hE§bhy controlled 30 machine tool adapted

with -a touch 656 devi ces woul d acquire inspection data
by phyS|caIIylmontact|ng Figuses dechisni @al Pezseecsiym th¥igwrt of. wamh

reference to Flgqrg cRfiohhe gaigaw @Q%StrE%@QﬁNAgﬁroughhe thleOWyusd 2@Eathe

depicted "there cates that the initial step “in the process
degpglng t he |n@§#ﬁﬁéﬁ iLpYS§NELON .t he generation of a functional

i nSpéction gage.  The mmw:e i5n i snfal @ agirlAins showing adaemeidtiker path
I ncludes - the transn1tta| conput% ai ded de5|%g %CAD) data for a
part 17 to the cOSHSE&tIPR A8 &@5? the present 1nve

15 Figure 6aA is a plan view of the inspection
gage of Figure 4. , '
Figure 6B is a plan view of the ~manufactured
part of Figure 1. o o
N - Figure 7 is a flow diagram showing detail of
20 initial portions of the flow diagram of Figure 2.
e ' Figure 8 is a flow diagram showing detail of
'¥“£ ' subsequent portions of the flow diagram of Figure 2.
Figuré 9 is another flow diaéram showing
detail of the latter portions of the flow diagram of
\/ “ 25 Figure 2. | : N o .
o |  Figure 10 is a data flow .diagram of the
system of the present invention. |
_ Figbre 11 is a chart of representative ANSI
standard tolerance call-out symbols. '
30' Pigure 12 . is “a_ _perspective view of a
nanufactu:ed part depicting datums thereon.
- Figures 13A. - 13C are charts depicting
inspéction gages and datums for the manufactured part
of Figure 12. _ o
35 Figure 14 is a plan view of a part with a
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Figure 1 and the subsequent display 20, in perspective as seen in Figure

3, of the designed part together with di nensi onal and

tolerancing information in 10 accordance with geonetric dinensioning and =
tol eranci ng (GD&T) standards. The standard used for illustration here
is U S Governnent designation ANSI Y14.ﬂ;{ There are  shown 'three\4
surface references, A B and C Aternatively, the references may
conprise the afe‘tﬂc"alelypqrﬁoo&e% Hard fodidfde QA& etc. As seen in
Figure 3, the dinensional |-out_is for four holes of one inch dianeter
plus 0.125 minus 0.0 HFCWé%r%r;st hd® @ sPBR oW nfel th® partthef part
17.  This di r}ﬁrwmal land widker anohed | syﬂtaﬁtzwmﬂerﬁché 2hted
critical and na featur for the | Tustrated part. e holes are

i ndi cat ed tCJtﬂ§q él} ~Ufe nethod of tolerancing termed "true
position" (F gure 11) Easgu:lmcne:atw ay pldre Vll’d\tl&df mﬂ@ apes the
t ol erance bl ock. Ghertd aftl l.er anci ng. I t hods be sel ected
such as refer S5 3 {h%ﬁ|q§§5) K= ?ﬁ * tolerance

di nensions. The holes in Flgure are required to be positioned so t hat

. t_heir centers, as ITB.I‘RJf asq,}dgted,t vgllé vfagé/ ﬁ.g,]%/l onsél\i%bﬁ( Oi’{?&gllf’%st

di anet er C|rcle -at  “haxi mum

hol es). If tfﬁhQKMSYSQ#NENQkﬁCkQEﬂﬂtfh?@ﬁKBS|E% GIRpRtae trtegmatedircl e
di anet er QriWgdding jgfgxntlon - The tride. position of each hole
Is referenced 10 the t ree i.ndi cated surfaces A--B and C. The operator of
the system observes t h&hISHSEEP ositif RECSRNMe| inNengion faayarbe17 on

the display ]}%een anldutrsl ad fFedencé A fpidwrd e v&Yﬁ@mtilr@éhﬁﬂS'ui@? keyboar g
13 any one of GRRirna fl SRR PAPTVEL Slgltd olhq 2P % spflly 212 TN
position 5 tolsaminm ray st artolar drestronfixat4il$hd a Xurkeybokidh hPppedss on
the diSpl@ﬁ_ﬂfﬁé%ﬁﬂéifUF”EﬁéEéfHE(Eﬁfhgﬁﬁiion into the system for -
use by the computer in conttolllng system operatlon.
visual reference for keyboard operation is provzded 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 is mounted in a known posztxq\‘r
overlying a workxng space and is utilized to determine
the orientation of a part 17 restzng on an underlying
support surface 18. A sensor 19 is attached to the
25 robot 14 and is exemplified by the non-contacting
inspection (NCI) device shown in Figure 1 as a SELCOM*
laser sensor., It should be noted that the position .
sensing device 19 could consist Sa 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
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dinmensional and tolerance call-out relating to the illustrated four
holes in the part 17. The conputer receives the dinensional and
ttol erancing indication. 10 The tol erance information is inspected through
progpan1|nstruct|ons for syntactic correcgness. Once the tol erance
syntax, is. determined to be correct, the onput er generates an
i nspection gage nodel 21 as seen in Figure : The conS|stency of the-

part design 15t r S h efore, Wth
know edge of the gh@ gag%desg¥gp?k gEBfC%Fﬁ %bgff éﬂ lfﬁéeﬁoIEFéﬁceEhe
applied to the dédétiBéd S&gpurés, &hei nppoceissn defindabi onak Qﬁgenusbng

t he sanme tol eranc nc as i S.gOngtr he.c uter
and shown on the QSP§%953 €§eccghg@fgﬁibn 0% § EEEQQLQ¥e% énF FEé?@d

at” Ain Figure 2. 9%ME&- |nsﬁBSt|8ﬁn§8§e datawhscétotbdsforISutuaecumplxiheu
part  designers mba&des madﬁe t?ﬁh&ﬁ\hﬂtgirrea?' oeaggae@rt%ﬁaaacedeaégg

call-outs for a pgrt 5 2 . I n an assenb nction gauge
has just been creaf8f fQFch °5aFtPéStdégcFPbéBehépépﬁﬁéFoﬁé a¥heseepst ém

then perforns mbagureISI aaaleﬁe sdBﬁéQﬁehQ'ﬁiQPQEy 203! YAl Ber8pective
Indicated in %grg § ?urp se of gﬁe eranc anal ysis"i1s to
determne if 30 t eS|gﬁ3d PES ad+ t 8fer ERGed eﬁﬁppe fi PaAtEndepgenher

tol erance conditi whshwi t dimengignailng. apdrt kolebanetiagnbl ynfobaagiba ofin

this portion qm BEEotaﬁﬁﬁﬂsﬁltﬁrgebhEH§EEaP§ﬂehg bgﬂgncégdAégghggéaggpg

nmust be made by. oper at or ana
35 the part bGD&The shanfdards. orThGethéndAew ugpdi fak illusteatbors

for the part. I X gt gn a ze then a "
case’ part s Crea§géebh§FgV: ég%g&gg@se g8ag ghaiBARSY” 914\ 85" 2rHBES
nc

"virtual" conditi8h® (ré RNSIS“YfiﬁeS)‘efﬁaﬁnF§sothé hoBesaadaré
all at the | ower Aleetnativebe, tabeEaﬁéeéncéldma9n¥oh9§§§§ thk! agggs. of

etc. -are atlSths SQPEr L'Bb on a part, 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
method of tolerancing termed. ®true position® (Figure
11) as indicated by the initial symbol in the
tolerance block. Other drafting tolerancing methods
may be selected such as reference to a suiface. profile
or plus ‘or minus tolerance dimensions. The holes in
Figure 3 are required to be positioned so that their
centers, . as mahufactured,.will vary cnly within a 0.06
inch diameter circle at  maximum - material conditions
- 30 (MMC, smallest holes). 1If the hole is larger than the
‘MMC size, then the tolerance circle diameter g:ows' in
proportion. = The true position of each hole is
referenced to the three indicated surfaces A, B and C.
The operator of the system observes the ideal
35 design or model 20 of the part 17 on the display 12



tol erances. Further, if holes are dinmensioned with respect to true
position, their size is -further reduced by t he anount of

~posi tional tol erance 10 defi ned. This nmethod simnmulates the condition
of the holes as if placed, for purpoges of the wrst case part, at
opposite limts of their al |l owabl e positioning tolerances. Once the

worst case part (virtual condition, 15 having maxi mum materi al

condi tions, sapd [ p al _dev i 0 co ed t he
conput er, ?%e ?olergﬁ%en%g}lg§% ggtung a#géalg Skgm gﬁEéggée 0 ¢ t he
mating  peeyboardThk3 naRYn@nepaftseyeradl telesaneingt ganygnthensonput er
in its vipiggl agpashtion 20 HéRGS on TERe COBPEER! chegks tpr
Conpatlbl|lt¥ bet ween the part under 0|ng tolerance analy5|s and

mati ng partllustration or§t EBageréparés fiEh ethet68§|gnpeﬁﬂélPégether

wi th thest@bféasﬁemi@tgtaﬁdsteres iﬁdxéﬂ&ﬂﬂe #f@ a |turkBe VRisk case
parts do not fit, the return I n Flgure 7. The

roces
return of fPRRe2E$ R8s t?% taF§P95¥atF5nPB§EEFg“§8 Fﬂaﬁnaﬁéaaés B8R nay be
i nproved &phensposal seandy toleshnog takl-batesreddidngbogssestieth

e scon {r bt pPgLaaed Fout  figted IR EhaOCBRER, V)7 T aha csemetper o T

begi nni ng neceives athew dimersibonabdi andat Fokersngadg éndiketkent. In
one '”Stﬁnfge tQ?&Ean&Qlfﬁﬁafﬁﬁtxaﬁe so@hgggﬁgedthEﬁ?QBﬁhthS:§§§Eﬁ”‘ I nput
from esl synt ax ck® 1 made

relative tbﬂﬁhéuﬂéhpﬂéleréﬁées SYntAFFéFnaFPVE?QtRGSFGr Onsgel thegeonetry

change EBEeEQﬁ@éan§§ﬁtaxar§s aaebxmlea f% ble cbegllcli, N rhavdel
change. A new presun1n

e I'S
t ol erance CQWHPgig FE“SEBFFécP“ 1“§RSF§gP§ gpr9s Qgg e@aseﬁsofséﬁgstlng
t ol erancesinhnvpigeser epeti t the obohbﬁsnenegssodesehebe@athEGeahghy

here'nppio£olerance symbolism is  therefore - confirmed. With
: knowledge of the design - description - of the part and
the tolerances applied to  the described . features, an
inspection or functional gage using the same tolerance
references as the part is constructed by the computer
20 and shown on the -display. Accomplishment  of such a
step is ‘indicated at A in Figure 2. The inspection . .
gage data is stored for future use. S aad
_ The part  designer = has. .made' certain
dimensional and tolerance call-outs £or a part to be |
25 used in an assembly. ~ Functional gauge data has just O/
' been created for the part as described hereinbefore.
The . system then perfbtms"what is - . called design
tolerance analysis as  indicated in  Figure 2. The
. purpose of the tolerance analysis is to determine if
30 the designed part as toleranced will f£it under all
tolerance - ‘conditions with 'its mating part in the
assembly. Details of this.portion of the process are
illustrated in ‘Figure 7. A selection .must be made by
the operator to either analyze  tolerances assigned to
35 the part by the "designer or define new optimal

C
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CGVA may analyze any set of GD and T specified tolerances.
However, CIGVA is currently able to define new tol erances by itself for
only tmo 10 special design cases; fixed and floating fast ener cases.
In these specific - instances where parts are fastened together (held

I n téhSlon), the fixed and floating fastener analysis of Figure 7 is
undertaken. A bolt is an exanple of a fastener. It may go through 15 a
part or it heyebancescteedthaitpaktpartIf Lretistiner telegbarcas| yasel ected

from Federal gfandgrdandt¢ded, T@ﬁéﬁeSAQQSEst EQQQS§§rt i?ecregéﬁaeﬁgr

based on stress requirenents. "The Federal standard provides the strew
thread standaffls CPBPUTRRe WHRKRIR ther PRES |h§IuHPnga20 besytuphiet er,

bearing area 66n5h616ﬂ3t6ﬂ€fer@mde thnsed vepgtd), tAhe isarese nboks size

I s cal cul ated_t oge e _UppEer . an rance n ol e
size and a @&f ﬁg %gs??i tiﬁ%ﬁ%ﬁ£5“+§ ?ﬁengg?ov%ﬂLﬁr?B?efheaHSIeanxhe
E?tuns f or tbessﬁssltflmmgeé, téec.hohee aat 26peouppencedm1uﬁbFlthe

at ness, aightness, r ess and c ndri - all-puts to
guar ant ee thaE°£%§a58§§rblépgﬁﬁgftiohgl-Mé#?gr S#%gn§9%§é39§§?§n5w1€ bel ow
one-tenth of thepectie pbeitibnueerpositioheranbeﬂr skpe exanpEertheft the
hol e true pos ol gy anc S 0 a er 5. de rom

k%bﬂ@g& ﬁ €héS - Of8ant 8¥ ﬁBE%QEGnLQ QQE%HéﬁcE

fl at ness of prOV|d|ng ref erences osition
nust contﬂﬁbuﬂ@fNEEGHDreTh¥ﬁaHm3tb@@ FbmulﬂéeshoFbe 9@§§%Fbﬁne9ﬁoﬁ e

This serygtes as if ?1acsaﬁraeéee purﬁééés'nbErCEﬁegeﬁBkEttYCa§5
The tol erances are.thereafter ramto_ascertain

that there P&ftpo . d?ﬁ1nu??5ﬂ535¥ faQPEXEF b%grl Ehg§ﬁrfaéé °H9b19|rtue

of hole p03|tpeg;e[aﬁznqetaleyene@sthe mat i ng part for the part being
anal yzed. Dimnutio

dlsplacenent of the 8?5§t£%5r98%§ eFﬁF?iéEFE thzy gﬁ315|%89ﬁé§b83f being

anal yzed 116 t havérgentmakamum  material conditions and maximum

| positional deviation) is constructed by the computer,
the tolerance call-out datums are .aligned with those

of the mating part. ' The;-matinq part is also
constructed by the computer..inj its wvirtual condition

20 state. The computet checks for compatibility between
the part undergoing tolerance analysis’ 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
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 improved tolerancewise by creating the holes
~and/or -bosses with different 'dbminal' sizes; i.e., a
‘model geometry change.-_ |  ' "_ '

30 -AS may be seenjf:om”Figure 7, if the analyzed
existing tolerances do not fit, beginning at G , a
new check or modificatioh is made on the Part. In one
instance new tolerances are obtazned through the
system input' from the desxgner. A new ‘tolerance

- 35 syntax _check is made rel;tive_to the new tolerances.



the bearing surface wunder the head of a bolt, for exanple, lies
partially over the hole rather than on the material in the part
surrounding the hole. In 10 sunmary it is seen that optinal

t ol erance anal ysis (definition of new tplerances) is only performed by _
ClGVA for two special cases of GD and T tolerancing, fixed and floating , /
fastener analysis, while worst cast analysis (anal yze existing toIerance?f

is perfor ”E(Klt!:yerjrétq" r'f or f'%lrl cgég%lof-t g%d'i‘rm:r tol eémé'éjg. T,mee ensui ng

step follow ng the per mance- of. Qﬂgn tdlerance anal ysi s” nay beé” Seen
from Fi gure S0keF 3NRRA ve 3l gdfddatiash offdn ithHedtePhlpA® fredehe three

di mensi onal lghangevablae neiegagle WHisCh ther? RAIE107 RP tife r alstipdéde©f Figure
1. The details Tof, the .step ofg%gnerathn an inspection path are set
out in the RIGFHRY arhBeIANGS e SZNLAXThe S prRIEREE canrtfal$eis etk er ed
gn_t: I |és.hﬁy ageq.el et @?de)tﬁmtingartdlwm% "efg')n aas] ‘iﬁh -t&‘@péh@{gi&}ﬁs been
uil't and the analysi's of {he .desjagn tolerances ,show that the part
fits properlQF %q}% BRACSTR é?gqcﬁ e.d %ﬁqﬁxqqé.%gb%ze%egv%%n built and
the tol erance. analgrMa @ mayccessfallyze amnplsdted,of  t¢E iawdecti on
pat h graphic . forr ' '-'isp&axﬁg- S ) ' Fi e : The
x"s indicat %als%éﬁe%%ez%&%eﬁgﬁ nts a onegﬁﬁum A%'Q Bé“g#ienb?y Thr ee
i nspecti on p@blg s ton defigle dew adolerancesl by didfsekf tfor sonXncewo A probe
22 i s shaqwn Na di &l 1%add®y N e nqﬁgg’éj ' Lch are
selected to onétlga?t- 'one--l'?h t'hea | ns'pegt]j’gend olnts s%%m}lﬁit-'g%%%\gé%) of
the CAD pa#fasss nodel these sSpetifin HistanceRs o Where sPages & a probe

cluster.  /Aagdaids tefdiier OXHNS fi Oendin), Probe Ckipés’ andaving -
a probe t!&OZZ,a on, the free end thereof, A nunper of displays ane’
1

avai | abl e NGy taghenery RGNS L8 Ao rFLINER bE +RINRLTERFBYe on the
5 cat hode ray baebe igdiaplenamgle cfhch fadtendrs. | ISPREY| Ogo PothtSugh
i ndi cateqs abyparé e X¢ _ma_)} 'be _'t':ﬂ:geLgfed' fito 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 sizé is calculated together - -
with the uppé:‘and IOWet tolerance on ' the hole size \*h
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 £olé:ance call-outs to guarantee that any
possible positional error from the  datums is below
one-tenth of the true position error toleranced. For
example, if the hole true position tolerance is .060,

30 any error due to departure from flatness of the datums
providing _ refe:ences; for the hole position must
contribute no more than .006 to the hole position
error. . This  serves  to  guarantee  part
interchangeability. R S -

35 The tolerances are thereafter analyzed by the
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Alternatively, the tip 22a for the probe vector in wuse is caused to
flash on the display. Also available is a‘display in which the probe
cfuster 22 noves around 10 the part nodel 20, placing a probe tip in
sequence at each inspection point. The th of the probe tip in
what eer display is in wuse in a particular CHGVA system is a
| ogi cal progression fromone point x 'to another, considering the

shortest — di St 3pggr am DEb Weese A5 P01 ¢l St @vojgange of; RPRLALLRS of The
? % mﬁlch tﬁe

progression is neant to informthe user of the direction from ch,

probe will phRISFeBEFy DeppiRdichsintacer fite Thrbiei neapcletd BR8LELON
provide infornaptop yYeL&Piv&Yto DEhe UREELA® parOi dfo£0l Lhéi Opgre bebeery the
probe cluster and_the 20 part., Measurenents_ are generated for _each '
specific part 3Pgh¥aRrd. at BEBHIBFHIR coPtactapbeRel PRaAEJIal SBFHRCEseen
tﬂatf theLe|SaféfeEBrEG di@ggsaﬁﬁmmﬂg opr%mé? ﬁﬁseemafedlaméta%l?aCDnof

the four holes_jn the. part ereby each_of . the. ho is

def i ned. Fvahﬁ 2 °ﬁ8nif5r%@e P#hR geb?%pﬁ?%lyzﬁ?sg?agﬁeo?Xt?ﬂg L%th,

t he conputer, thaobeaconuusurfader nender pehé headgrafn ai nbatter déoce
with the depi th L he _dj path.p apLij 0 t to a
program intelﬁ%gﬁgggf tgg?%e pgégg%f¥g4,gb§ﬁd E?ﬁgﬁggésgééﬁfgnexgétﬁgdata o
is then 30 stotkd macerialtine thee parghesucvewndingontheofholenis @artion
of Lihe ProgeSinpady |4l CRkClsedh Phal! BRtEnkLOUESIefanld dnatbsis

modi fication o ne” - i nspection Ea sired, unction i S entered
through the keyBefigitionsofnpewt neoleraBees)orisyeepdy BRLELPRBEd|i BY) ay

12 _is  congrgMhed gBy tBRoUSSpecidleBEses o#eabr ada chesyezancinghe
i nspection path 1s add_an ’

i nspection poiﬁ@xe?oangr%iggiggﬁ,ga%Pg“$g§$E$€§Fgg¥tﬁ i&ﬁéegﬁéﬁf of 3ffre
nmovabl e nenber ahalgédisd danalobet askestihg tbeeeaasesinisdgeriforaled by
| nspection ; BOlRkuR" ¢3,541036Esbs b2 BF dRA §"8bTd bREihgIPECtion, such
- | The ensuing step following the performance of
design tolerance anaiysis may be seen from Figure 2 to

involve the generation of an inspection path for the

three dimensionally movable' member which is a part of

' 20 the robot 14 of Figure 1. The details of the step of
'i_i generating an inspection path are set out in the flow
' diagram of Figure 7;1 The process cannot be .entered
until it is ascertained that an inspection gage for

the part has been bdilt_and tbe'analysis of the design

25 tolerances show that thé pa:t £its properly with its
mating part. After the gage has been built and the
tolerance analysis '5qcpgssfuliy completed, the
ins?ection”bagh_graghics are formed and displayed as

shown in EiguréL 5. The x's indicate measurement

30 points along surfaées A, 'B, and 'C. Threé inspection
 points on each surface A, B and C define the surface.

A probe 22 is shown on the display 12 having a number

of tips 22a which are selected to contact one of the
 inspection points (shown at surface C) of the CAD part

35 model 20. TItem 22 of Figure 5 is termed a probe



a function is selected, the cursor is noved to the additional .

I nspection poi nt and the program is informed through the keyboard
of the addition. In the 10 instance where the path of the novable nenber
is to be altered for purposes of av0|d|ngfan obstacle, the indicated 2
function is selected and the cursor is nobved to a point or points in 4

" successi on on t e display throu h which it is now desired that the anabre
15 menber shal IC*95EEE - t 02 aPEPEe t KECTOBst #XFENAS THE OMhew 58& nt Prake

gnteredtlnto ;mdq&mmzﬁrmgwamgtheoughorbe k&pﬁga&d aidg tmhdﬂwxyfﬁn e%?
escriptive o altere
Fol | owi ng - creat%%%e%%d/o% nh§3F|c§? ﬁx%plang §§5ecF%S&H%§¥? :ﬂﬂtrﬁ?%nuh
FLograhm n?y besd'éltleé'utupAan@IGbspl &ye&oals may bersalusedm:cben'tcfieason h"mij[(ﬁn
r oughou i i ec a cative e
" GRenoRll ra, HIBRCC i B 107 Vo CRRER | kE | s “ileae

noti on sequence f menber 0
As seen in DPodRtE 2, mdzmtneg\ gendyat | sheof wHé i rdspectHisyureat 5. and

any desired  aredihiataverys the' eio | 228° £BPXRORELR Yedil PP |

relates to job execution,. execution-re
performed by CFGNAQ@%ﬁFGdlﬁQ c@@??ﬁg°ﬁaﬁh§ dsﬁplﬁyﬁfoﬂmﬁﬁgamaﬂl&hhemﬂs

process controla, dilsplay iobs:msaythe pespeut eduskapuably n#a\oeé n%l#oimu
the contral .

t hr ough tCﬁ %%board r au%oga allx under

conput er . S P8Rt | BO98Ln 20 Placipgspr pgobe; |tr"-§t in W@QHW%cﬁRrol

| anguage is debau@dLasphemebnapbdntdesQhebpdth35f Thﬁheabwﬁbe G in
execution is s b pl a_screen. - to be run
are S|nulatedbﬂukgb%% §*§Bﬁ5§ §¥Aut18 ugs éBntPoIpaF§1 415F .Qp
the operator SyS&€fueds o laglaeﬂerprngteslzonhafrbheqndapnﬂnﬁeﬁluul|s

accept abl e. TBﬁo%ther'%on&@der@ﬁﬁeD%ﬁgcesﬁoE esthaﬁlsill Naly e UM
are correc Zerq deviation from —per ect e ope

makes the is points and avoidance of obstacles. The progression rs
~meant to inform the user of the directzon from which
the probe will physzcally approach the surface to be
inspected and to provide informatxon which may be used
~ to avo1d. collzsrons between the probe cluster and the’
20 part.’ Measurements ‘are generated for each specific
part feature at each probe contact pornt. . It may also-
be seen. that there are three measurement pornésf
_assoczated with each of the four holes in the part 17,
whereby each of the holes is fully defzned._ Having
25 monitored the graphic dispLay of the path, the U
computer; _upon command, forms a path program  in
accordance thh the depzcted path on the display. The
path. program 18 converted to a prograr 'Lntelligzble to
‘the robot 14, and the inspection path data is then
30 stored:'for future use. The:MCOmbination:' of this
portion of the process is' indicated at B in both
Figures 2 and 7. | o o
' If a nodzfrcatron 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



determnation to call auto job control by referring to a nmenu on the
system display called "run job"™ fromwhich he chooses either manual or
automatic. 10 Wth reference once again to Figure .2 the
next undertaking in the process of tithe present invention is to
measyre data from the manufactured part 17. Measurenent of the physical
features of the manufactured part 17 is only wundertaken after the
15 inspection gagmtﬂmdmmy toliel ta saerd therierm:p@tft [ (dlesp'.atelm hahamges in

generated as des e r d ﬁﬁ%& f t
determ nation i s éj d”mﬁee&t\?\?%%{ hLPr e lJa'%b en gg&@%t %dsefl\"fhoher'rfav
by the operat or m?d'r tQalﬁdﬂ'r@tﬂ cmsgecwn tmntsysmema surfgoso 20r tO

her ei nbef ore descy ﬁ@ﬁgﬂ Vabld HenbyH 4
i npl enent ed, t he stor edej o&b contr pr ogorfaehllﬁsé)zzﬁﬁlec} up as |ndtQJcate an E

(Figure 8) afd ohstagkcest tb@)rﬂ‘ﬁq{l}esin afdidrionddnt A@sPestiame pomt
conputer. Q herwi a ! Ngur S equendo Hélra?ésﬁﬁate@rf%r ITRHERIGRh 2Such

manual ly by key oard sel ection of variqus Tenu itens on the part of t he

operator. The orl%nﬁ‘bft‘?%?'bfl-’t f?é*lﬁeﬁ"’t"-‘dlﬁ € HESQfppd I o g the
sensed by the cid@i®iordl at tiandpeiiom knmydne | ocaid on tl’m/el‘p:dtj'ﬂm - is

Thpection  pach ingosned roke WIS E I e Adialng "n s

The novabl e ndfbeinstsamoe edidmng theepath i eht e mm&q@cﬂ imamben hl.sb:;p be

Chterest  on 1 heHERii%ortany PRGN (G | HvdTB Y M2l QRSP Khe

19 (NGl or CW) m@xwmclfun@nqmexs repbectedand e n%h"siﬂfed is gapeved| s

Rt ac ek e Dol N pugil Uy Sabdgentod o aelai e o

17a  of . the 5 WRERMIRt U¥RECHartt 171$s RP¥n ‘éﬁ%{’c’é?f? r%?'E)raﬂbedemf%?L?e

use. This is 18difameer i Sh&lDurpss® apsl Sawdid the obstacle. The new
points are entered into the path program through the
keyboard and the program descriptive of the path of
the movable member is thus altered. Following
creation and/or modification of the inspection path,

20 the path program may be called up and displayed as the

| cursor undertakes motion - throughout the entire

inspection path which is indicative of the motion
seéuence followed by the movable member on the robot
14. S -

Y 25 . As seen in Fzgure 2, following generatxon of
the xnspectxon path and any desired modifications
thereto, the next po;t1on of the process relates to
_job exe;ution; Job execution refers tu any Jjob which
may be performed by CIGMA including cutting parts,

30 performing statistical process control, etc. Jobs may
| be ekecuted manually' by inputs through the keyboard
or automatically under the _cbnttdl_ of the computer.
When automatic control is desired, -first the job
control language is.defined' as hereinéf:er described.
35 _Thereafter, job execution is simulated by a display on




C As indicated in Figure 2 followwng C, the neasured data for the

manuf actured part 17 (used to 10 construct the neasured nodel 17a)
is -analyzed statistically, as wll hereinafter be described in

det ai | in conj unction W th Figuregsd9 - and a determnation is
made either by. the operator or by the job control program (whichever igrin
control) as to 15 whether the neasurenent data w Il be analyzed reIative to
the inspectio 0NStYC ! t t t t he
measur enent 4 Q%Q%e& Aflli s Qé,% at 5#11 %rpet h%gén%l%a%t%o oy or t"q"o'eoth

In the case oﬂlﬁéﬂéﬂencehtu&'?t héoﬁeawm Hisst &benof qalld esopiwt itte 20 of

those partsg er%torSt%h'b%‘ék;ﬁ%ht af&%‘ %' Sde‘t‘:fernﬁ*h%tri%%surtwt'-ﬂé Job
per formed and a det ernm nation made from the nmeasurenent as

whet her the pPdSUdation ﬁscét?tcre@ltabd@ -heT&ien Stide rdds c faged aqmmnqﬁ

control progesg i ih%ttololf&‘ﬂ. a'&‘i\atl%lrsea%@hsf Ofzrlehe coirdtlect!, ' CQJlt%'S aé@:rd ation
Is identifie case - gnal ysis relative

const ruct ed gﬁé’&é&’ﬂ%‘n E5o%e, Pet‘lfrécﬁééé’urenﬂhte sztP&rastoéonﬂﬁ“éf t Fhee
i nspection gadet2tmihatiow eté Ball analoysjod cdntiriode byo rteffe:f:tmfg iggal or

nepect] on 0oe st Pt Sl gy, (G RTINS, | drgeec
i nspection g&hdch2be tdbooseisneistieiromanyadt lor bamwmatlo.nspectlon poi nt's
g;fELguretﬁ ango;ggrmiﬁgyggg&g%e thghgﬁp Iiilstlca| rvggqpééée be
undert aken. neXtat |usxqe@at4akmgdatxa tﬂ%mpwsspro@e,fss the umressnt
consi-dering tﬂ%e‘?ﬁaﬁiﬂ e‘ls Ryt mea%%tr% dat-g“ Sfro&'p(ifﬂee%a uté’heo( uré’é‘rtb
fabrication hIStO : ana ySi S gage
or statistic®rt ild. q#§ Qﬁﬁfeﬁéﬁt the, R Kikﬁal(anQRQRﬁﬁm the't he
job control lmm@tf@@ﬁuzwwnmg:e aral )iS!Sdtﬂ.)SehﬁfdeQd:alééiﬁ ld’@&lﬁct'tﬁl{b gage
21 15 inspection gage has been built and the inspection path - -
has been gene:ated as described hereinbefore and as
seen in Pigure'éj' Further, a determination is made as
to whether the job is to be executed manually by the
operator or automatxcally by the system, as also
20 heteznbefore ‘described. In the ‘event automatic job
control is implemented, the stored job control progrékd}
is called up as indicated at E (?igure 8) and the
process  continues under control of the computer. -
Otherwise, the subsequent functions are sequenced
25 manually by keYboard selection of various menu items
on the part of the operator.' C
'~ 'The orientation of the pa:t 17 on the support
surface 18 is sensed by the camerz 16 attached in a
known location over the working volume. The part
30 orientation is ‘used to orient 'Ehe"znspeotion path as
it is 'to ‘be carrzed out by the movable member. The
' movable member -is moved along the oriented inspection
- path by operetxon of the robot 14. Posxtxon data for
“the- physical features of interest on the manufactured
35 part 17 are obtained' by the sensor 19 (NCI or CMM)



i
and the neasured manufactured part 17a data are called up

and conpared

graphically on display 12 as well as mathematically in the conputer
k1. The gage 21 of 10 Figure 6A is generally shown in the color green on
the display and the nodel 17a of the manufactured part 17 as neasured

(l'ight blue).
The gage and manufactured part nodels are t R caused. to overlie so that

i n conparison

es pl.ace. The
?rort g"r’the‘ _
operator and folONY&LMEGattina Eorm mchm lbe btr@mtde:tnervmsrmedly
visually if the gagetded imegelar t17raav%fan\£he| ntrﬁrn%eg;tdﬁqe%urfp%(&s, ot&ec%lﬁsee

may bgbrought up on the display in the golor cyan

a 15 visual ° depiction of t he nanufactured part
W th the gage gic$achi@Wm. to, Igbitehe%toloctal Shl S e,le%%
col ored visual picture conparison is only F%r the i $

of the different cql ore assigned to each

mat hemat i cal conp&iiS®dRYr esdides geF&¥eat e&'elﬁﬁutfr?éi corﬂﬂﬁ&}{ \/Wach Odre the

subsequent |y us®dmand faiceuated: hi rttl g 7st qrged tfh%n25 plradieent ‘i‘i‘x s%toraglg for
The conparison reiglts are hel avau abi | i t 0 ot her

thiE G &S "tsh i'st R 1d’|a§cﬁdos’~é'ﬁ Figwres atzed agayi r$g

may function in
system The conpaidsan results are then fornmulated in 30

I nvestigated to see

i NS
al | owabl e Si ze | egst . . naterlal condi tio

to the inspection gage constructed at A

yst ens

h

the form of an

error report as seen in Figure er.r.or eport .S n called up on

the graphic display 12. A fl%d"t%e:%g e FA8Urs % rfyﬁ éfmgr ebn 1 |t§ﬂ?t
is illum nated tomeagucede dtan:at fiolre threanmamatfiactohr gqahr tparits W7t hi(used
tolerance. lig tcB‘ﬁrs%ru%rte ‘E‘t‘ﬁe Oﬁneatsﬁl %ﬁanc‘ﬁugﬁl rreal%rerreqt S: ahi33Y

to

ar.e
zed

maguf act ur ed parﬁtaﬁ&FtIG@1§QVedas 'ﬂﬂki |h9raina£tan1 hﬁhedaﬁdru@ﬁﬁatam
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ofparin once
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21. [If the gage 3job control program (whichever is 1n . control) as
15 whether the measurement data will be analyzed relative

or from

standpoint of the measurement history of

population of those parts, or both.
reference to the measurement history of

In the case.

the populat

-+ 20 of those parts, a statistical analysis of

to

the
the
of
ion
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

U/ - ~ process is stopped and the reason for the statistical
' 25 ‘aberration is identified. In the case of analy
relative to the constructed inspection - gage,
measurement data is compared to the inspection -gage
of Figure 4. Both analysis relative to the functional
or inspéctidn 'gage and -  statistical analysis of

30 measurements proceed  simultaneously.

" As seen

Figure 9, data representing the inspection gage
the inspection path between inspection points

Figure 5, and the measurements from the

parts 17 m

be complete before the comparison step or
35 statistical survey may be undertaken. - Statzstz

sis
the
21

the

in
21,

of
ust
the
cal



fits the part, a vyellow light is illumnated which indicates that
the part is reworkable. |If the gage does not fit the rewrked nodel
of the manufactured 10 part, a red light is illum nated indicating that
t he manuf actured part should be scrapped as not reworkable. Wen
statistical analysis is selected, the Qtatistical history of a
nmeasured di nension of a specified part is . reviewed. A constant
~nmonitor is 15 provided for neasured di mensi onal guanti ties for

stati st idC?l . tctitrq‘)ose&c?m theTheprodesst lfnt@drfted paéénshfﬁ@@ﬂi@e“éhé S
revi ewe o de [ S is contr nmeans a
determ nation i s ma as tﬁﬂ\%net hét;aft ‘he rre'fz&llﬁ' eme%?g?% 2% nel %d wiB¥M ¥t he
area 20 defi necf-ﬁhfdeqa%!-qmr melisticenyrd butlhen btpe cwfe amallysidi negl use or
m nus three stqﬂgﬁ% #kgﬂ (¢ u . three ) +from the
mean of the_norma i stri % on. szt%rtﬁ%eel ast% n%%é{f?g‘g by the

di mensi onal éué}ﬁ“@f-QE W& hiotherwisgieus iov heus job eectsmgrml 2.'Eartgmage;. of
the normal di styydnitd g,{]ﬂ QJr t t aﬁg

the part. 1f a r?aé\yebrl ck XI(ggll'nt 125215&?3&#6% %H@u %ee llfJ% W® or #nus
three sigma |i A% 18 ndte qt‘t‘tﬂ‘i/epa”t he’ a pﬁ%ﬁ'e%s%fe scalkrdpped
and the st atu;stamlcomﬁ}gﬁs g:fayhldﬂqty Th neaspl nt2 quadIt i1 B €ag

di spl ayed. The qyse err,or thus detern1 by aIy2|ng trends in
the statistical atg}e&%?s rﬁ el'hé”“t?r“&c?é'ss ah\% 2kPEo
that maveri dR [Riigure isasgadeﬂaﬂllyy tshowet Wn e color greéﬁhe ori 0|&19éM ng
S an abbreyj a%lﬁ r ,Gtin mann ch a
program may beq‘o mch gidﬂpf (;atrrHe FS‘L,-FS% :‘}‘3 'tﬁ tc’lﬁ sr%rb"ég tugy t %

W/
perform ng: thes dnesiﬁlbzs%di majche brmiighthymectaron tivelul @éigpbaessis. the
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MODAL SETTI NGS THAT WE
part models are then caused. to overlie so that a

15 visual depiction of . the manufactured part in
compatison: ~with. . the gage is shown. Mathematical
analysis also takes place. The colored visual picture
comparison is only. for the visual comfort of the
operator and for verification. It may readily be

20 determined visually if the gage and the part have anv.
intersecting surfaces, because of the different colore
assigned to each. However, it is the mathematical
comparison results generated by the computer which are
subsequently wused 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. o

o | The comparison results are then formulated in

30 the form of an error report as seen in Figure 9. The
error report 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 is
within - . tolerance. If there are out of tolerance

35 measurements, they are investigated to see if they can



CHANGE, TO SET UP THE INITIAL CI G MODALS TO | NVOKE THE Cl G FUNCTI ONS VI A AN
10 ANVI L MENU SELECTION OF 5, 11,7 TO RESET THE OLD MODALS ON EXI T
FROM CI G MODI FI ED TO SET THE | MPLICI T PO NT MODE TO DEFI NE AS DI SPLAYED ON
. ENTRY TO CI G - RESTORES TO PREVI OUS VALUE 15:% - ON EXI T MODI FI ED TO
NOT GHECK THAT A DCS IS ACTI VE UPON ENTRY TO CI 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 | MODEb@9FeNELk 4 ED O REEAABLENT HERAUBERS-DOSSON BXtT SEfy be
PDQFLG=0 ON ENTRY SAV GEQVEIRY. PRESE | Oy MDA 25

TO | NDI CATE. GEOVE‘SI'é@Dﬁ\I AEEﬁ\‘E'/IIEV\S AN@%R?E&I:I REC-;ﬁIIN vr%%%%# Y
GAGE FI LE RELATI VEIPRRLEGRENY PCERFERGLIRD THRG ARPLERAGELE| LEshe@ULD bargest

RESTORED 30 allowhHiSER( 7) sL PISER( 8] e A4SER( R t ERBNENTSond op22d
NAVE( DI M) DESCRI PTI ON SUBRQUTI NES CALLED: N\/I L VER ION 1.5
35 USER WRI TTEI\P CemElle AREES: a99PR  the \pRHPEFRY  ROlegscRPPTI d&he

Define | ocal COMVehnhEaekutedf opagevi meaeéypetdo ELE&AgaJéKEl TEK®, tpadqd ERVA
O = ot anP oL S e FL Re! Bake!%al oL PO IPYLRE ~12 TTRLLBEndESH UhRLL
indicates that the part is reworkable. If the gage
- does not fit the reworked model of the manufactured
10 part, a red light is illuminated indicating that the
manufactured part shodld be scrapped as not reworkable.
' when statistical analysis is selected, the
statistical history of a meaéuted dimension of ' a
specified part is reviewed. A constant monitor is
15 provided for measufed . dimensional quantities for
statistical purposes. '_The last entered part
measurement is reviewed to determined if the process
is in control. That means a determination is made as
to whether the measurement is included within ‘the area
20 defined under a normal distribution bell curve and
| within plus or minus three standard deviations (plus
At 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
U ' 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
sigma limits defined under the bell curve, the process
is stopped and the statistical ranges for that
30 measurement quantity are displayed. The cause of the
error is thus determined by analyzing trends in:the
statistical process history. The -procéss is then
repaired so that maverick points are.less likely to
occur. - .
35 The :following is an - -abbreviated program



5 FMCDV = 0 inplies standard nts device = 1 inplies Retro-G aphics input
and output device = 2 inplies Code Activated Switch in use DATA

I NI TI ALI ZATI ON 10 BEG N PROCEDURE CALL MVBITS (I,0, 11 MODE(30),1) 1SET BIT
POSI TION 1 TO 1 WHI CH SAYS CTRLW : ENABLED 15 SET PDQVOD FLAG SO WE KNOW
VWHI CH CORELOAD TO RETURN TO SET PDQFLG TO,; | NDI CATE NORVAL USER . ‘b

| NTERACTION W TH . C G THIS HELPS CL PHA/ | @8 CLEAR - CORRECTLY WHEN
NECESSARY SET GOSW 10) = PDQVOD, SO WE CAN REENTER AT TOP OF THI S 20 ROUTI NE
| F CX190 | S BEI NG REENTERED VIA A CTRLI H T FROMINSIDE CI G THEN DO NOT -
REI NI Tl ALI ZE Nttﬁ&EnETCdePFCQREEhHEFE NENL REFATER1800r SIEEN BIYGREO3 | F

S0 17 s ot PRRRERE chon PR RIALS TR, MSCfRERY, 2oIRLAR SV

| VBEDDED SUBRCRET RPZBARES RReERdhsclosgd| SIRERE. and cm#mtmfrmsumow
CLINKS I N TH|$E#gyggse§o SEg nggre@k or MOBMh NGy g 7L OCATI ON 9999 IN THI'S GO
TO IS LI NKED CLEANUP190.. NGE “TO ITS LOCATI ON | N TH' S
LI ST MJST BESUREﬁH'E@FEDCHP?HE VAR ABLE CLEANUP190 GO
TO (1000, 2000, pgREBSES000058APECDRD, OORRENDOROBRANOSBIRANGS BHAT WE
9000) , PDQCON( 1) FI RST FRESANGA,L TO CX190 - SAVE | MODE(146) PERI OD
BETWEEN FILINGS AND SE® SEP UD. THEHISIVIST SEGDENEAAS
TO INVOKE THE CIG FUNCTIONS VIA AN
10 ~ ANVIL MENU SELECTION OF S5,11,7 -
. TO RESET THE OLD MODALS oN ex:r;snon CIG
MODIFIED TO SET THE IMPLICIT POINT MODE TO
DEFINE ‘AS DISPLAYED - W
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. g
MODIFIED TO SET THE DEPTH ENTRY MODAL MVIEW -
: - (15) AND TO SET THE TIME PERIOD BETWEEN :
20 " FILING FLAG IMODE(39)
uonrprzn TO REENABLE THE USERS DCS ON EXIT

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

STORE GAGE FILE RELATIVE POSITION POINTERS \,
SO THAT OLD GAGE FILES COULD BE RESTORED
3o 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

¥



" THI'S LEVEL BECAUSE THI'S MODAL MUST BE TURNED OFF BEFORE ANY CALL TO ANVI L.
10 SET RELATI VE RGAGE PO NTERS | NI TI ALI ZE THE | USER ARRAY |F TH'S IS THE

EI RST TIME USER HAS RUN THI S PART THROUGH THE Cl G:SYSTEM | F (1 USER(1).LT. 0)
THEN FI RST TI ME THROUGH 15 DO 400 |}5fi, 128 ‘400 CONTI NUE END | F

| NI ThALI ZE DEFAULT FI LE NAME SPECI FI CATION SO THAT OPNPRTFIL WLL USE
CURRENT PARTS NAME AS FI LE 20 NAVE DETERM NE WHERE ALPHAOUT 1S GO NG
AND  SET__ALPHAOLFe A00ORDb ML Y SHOMLPHc 0TS Ul TERM N EXPE SETzdkRrA
OUTPUT TERM NAL TYPEE 25TE¥0 ) 4nw| TERMADE( 14) , ALPHADEV, 5, 0)° SET WHERE ALPHA
INPUT |'S COM NG FREDDEAE L L I{é S0 6 49 u thIPHARROM  0a Dpha dOFETERM NE
VHERE ALPHA OUTPUT.|S GOl INGLoDL aNHERES A\l Skepu &PkE's | So CEbA P ERME Y i ce

| F( FMCDV. EQ 0) THENCDW(ALPHARFIOM £ B3ndafM mes device ALPHA | NPUT 1S
COM NG FROM GRAPHI CS DE¥! ICEL MEIiERe/ Rt RAGHR (IS OEVL AU T Y@Rd output

| F(1 MODE(57). EQ O THEN TE®RM X 40xx TERM NAL BEI NG USED 10

ELSE | F (I MODE(57). EQ 15)2 THRAL IesT6ah XA aitkxa TeRM WL CIBEL DGISISED END | F
ELSE ALPHA |'S COM NG FROM ALPHA DEVI CE 15 USE VT100 KEYBOARD

| NPUT SET
DATA INITIALIZATION

10 BEGIN PROCEDURE

_ CALL MVBITS (1,0,1,IMODE(30),1) !SET BIT POSITION
(7 ' : :1 TO 1 WHICH SAYS
- ' : CTRLW '
{ENABLED

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

- SET PDQFLG TO INDICATE NORMAL USER INTERACTION WITH

CIG. THIS HELPS CLRALPHA/IG08 CLEAR CORRECTLY WHEN
NECESSARY

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

~ IF CX190 1IS BEING REENTERED VIA A CTRLI HIT FROM
-~ INSIDE CIG, THEN DO NOT REINITIALIZE MODALS ETC. :

'IF (REENTER190) THEN !REENTER190 IS SET BY GRUG3 IF
© 'CTRLI HIT CALL PDQINIT(1l) 'REINITIALIZE PDQ JUMP ARRAY
25 TO INDICATE NO -
" END IF

THIS IS PDQCON LEVEL 1 WHICH MEANS THAT IT IS THE 18T

LEVEL OF IMBEDDED SUBROUTINE CALLS AFTER A CLINK IS

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

WARNING: LOCATION 9999 IN THIS GO TO IS LINKED TO
' CLEANUP190. ANY CHANGE TO 1ITS LOCATION IN



G NG TO GRAPHI CS DEVI CE 20 DETERM NE GRAPHI CS DEVI CE TYPE
| F(1 MODE(57) . EQ 0) THEN TEKTRONI X 40xx TERM NAL BEI NG USED ELSE | F

(I MODE(57) . EQ 15) THEN TEKTRONI X 41XX f&RM NAL BEI NG USED 25

END | F ELSE | F( ALPHADEV. EQ 1) THEN ALPHA 1S GO NG TO A VT100 ALPHA =
DEVI CE END | F ELSE | F(FMCDV. EQ 1) THEN RETRO GRAPHI CS TERM NAL USI NG VTTOO0

FOR ALPHA 5 | E | E( CEQ.2).. 4 W TH
CAS. USI NG 4014 FOR % ALE#ﬁ %ﬁ%o&h@%&%@r%m | F
10 TURN OFF WRI TES TOAPIA TERM NAL CALL ALPHAOEFE ON FI RST NEW ENTRYSAVE
GOSW SETTINGS TO RETURN TO TH'S CORELOAD (190) WHEN REQUI RED SET = UP

MENUS TO SAVE4THE CURRENT CURVE WEI GHT TABLE 15 UTF CALL m

0
VENWTSAV( NB - Vi W S50 TERRE, Sbb | £hbbiK TI'NUE 20
SET UP N(E%%HA %@dﬁ\%ch ”?&%‘“épﬁ%%o TG A e 2 S e

e | | | _

MENWTRET(

FIRST FRESH CALL TO CX190 -~ SAVE 1IMODE(146) PERIOD
BETWEEN FILINGS AND SET TO 0. THIS MUST BE DONE AT
"THIS LEVEL BECAUSE THIS MODAL MUST BE TURNED OFF
BEFORE ANY CALL TO ANVIL.

10 SET RELATIVE RGAGE POINTERS

- - —
INITIALIZE THE IUSER ARRAY IF THIS IS THE FIRST TIME -
USER HAS RUN.THIS PART THROUGH THE CIG SYSTEM
IF (IUSER(1).LT.0) THEN

FIRST TIME THROUGH

15 - ) DO 400 I=1,128
400 CONTINUE
END IF I _ | o

_ INITIALIZE DEFAULT FILE NAME SPECIFICATION
SO THAT OPNPRTFIL WILL USE CURRENT PARTS NAME AS FILE .
20 NAME - W

_ DETERMINE WHERE ALPHAOUT IS GOING AND SET ALPHAOUT
ACCORDINGLY -

SET AﬁEHA OUTPUT TERMINAL TYPE

- 'SET ALPHA OUTPUT TERMINAL TYPE
25 CALL LDBIT(IMODE(l4),ALPHADEV,5,0)

SET WHERE ALPHA INBUT IS COMING FROM
CALL LDBIT{IMODE(l4),ALPHAFROM,10,9)

[

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




RESTORE THI S TABLE CALL CLI NK(2) 2000 CONTI NUE SAVE CURRENT PART DEFAULT
CURVE VEI GHT 5 SAVE CURRENT PART DEFAULT CURVE FONT SAVE CURRENT
RRESENTATI ON MODE MODAL SAVE CURRENT PART DEFAULT CURVE COLOR SAVE CURRENT
PART SELECTI ON MODE SAVE CURRENT PART SURFACE4PATH DI SPLAY MODALS 10 SAVE
TEXTIORI G N MODAL AND TEXT JUSTI FI CATI ON SAVE ‘I MPLI CI T PO NT MODE SAVE
DEPTHENTRY MODAL -SAVE CURRENT VALUE OF DEFAULT LEVEL SET PRESENTATI ON

MODAL TO | NDI CADETEGMONETRWHERE ALPHAS SUEWGT DRAGOLNG ANDVGRERY! EYSEALY
SAVE CURRENT | MODENPST &I CEMOSBTRRO®S DRAFTI NG EXTENT, TRI M CURVE MODEBLANK
AND UNBLANK, FI LLET MODEROTATI ON MODEM RROR MODE SET | MODE 180 TO DEFAULT
=0 WHI CH | MPLI ES 20 DRAFTI NG=ONE ENT ONE CHANGE, TRI M CURVE=VI SUAL | N
WORK VI EW BLANK/ USIBI{ AMEDYERRORARTHENLLET = VI SUAL | N WORK VI EW ROTATI ON =

2D WORK VIEW 5 M RROR MODE Fégﬁbﬁégﬁﬁg E&?ﬁ¥€ NE SET SELECTI ON MODAL TO

ALLON FOR POl NTER SELECTI Of TO DEFI NE AS DI SPLAYED
CALL MBI TS (2, @, 2, | MODE( 146) , OALBEA BNRUPCESTCOMING RROM1GRAPEFCSO
. DI SPLAY WHERE DEFI NED SET THE DEBIFEENTRY MODAL TO DATA ENTRY MODE ALLOW

FOR SPECI AL JUMPS VIA A CTRL SPASEERAYREACRANEIEESOEPLNEERyS® THAT THE USER
DCS CAN BE REACTI VATED ON EXI T
IF(IMODE(57).EQ.0) THEN

TEKTRONIX 40xx TERMINAL BEING USED

w0 . ELSE IF (IMODE(57).EQ.15) THEN
Y TEKTRONIX 41xx TERMINAL BEING USED .

END IF

ELSE

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

END IF
DETERMINE ALPHA OUTPUT DEVICE
IF (ALPHADEV.EQ.0) THEN
W, - - ALPHA OUTPUT IS GOING TO GRAPHICS DEVICE-
20 | DETERMINE GRAPHICS DEVICE TYPE
IF(IMODE(57).EQ.0) THEN

TEKTRONIX 40xx TERMIJAL BEING USED

ELSE IF (IMODE(S57).EQ.l15) THEN. _
TEKTRONIX 41xx TERMINAL BEING USED

25 END IF

ELSE IF(ALDPHADEV.EQ.l) THEN



15 DO WHI LE REJECT OR OP COVPLETE NOT HI T DO WHI LE(. NOT. ( TERM NATE) )
REENTER CX190 HERE ON RETURN FROM CX191, CX192 AND CX193 3000 CONTI NUE 20
CALL PDQ NI T(1) DI SPLAY TOP LEVEL CI G MENUS AND FI ND QUT WHAT USER WANTS TO«
DO TURN ON ALPHA TERM NAL CALL ALPHAON 25 fALL Cl GVENUS( MENUNUM NTVAL) TURN
OFF ALPHA TERM NAL CALL ALPHACFF MENU PICKED IS IN GOSW4) | F 3_{

( MENUPI CKED. EQ 2) THEN USER WANTS TO RUN GAGE/ ZONE CONSTRUCTI ON 5 4000 "

CONTI NUE CALL CX191 ELSE I F gbﬁmet§k§§¢N§£§§)AT$E$b@SEBPMANE§VI§ERUN
| NSPECTI ON PATH GENERATI ON 5000 CONTI NUE 1 CALL CXI92 ELSE IF

( MENUPI CKED. EQ 4) THEN USER WANTS TO RUN NEASURED DATA COVPARI SON 6000
CONTI NUE CALL CX193 15 ENBEIFF( MENUPI CKED. EQ 98 . OR. MENUPI CKED. EQ 99) THEN
END | F END DO 9999 CONTI NUE TURN OFF ALPHA TERM NAL 20 CALL ALPHACFF

ELSE IF(FMCDV.EQ.l) THEN

RETRO GRAPHICS TERMINAL USING VTlOO FOR ALPHA
5 INPUT AND OUTPUT

ELSE IP(FMCDV EQ 2) THEN

4014 WITH CAS USING 4014 FOR ALPHA INPUT AND
ALPHA TERMINAL FOR ALPHA OUTPUT

END IF o | . . o
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 L*f
15 UTF ’

CALL ugﬁWTSAV(NBCHARs,CURWTS)'
SAVE wzanriiaanz_
' CALL cﬁ:uk(zi

1000 courr&ua :

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

CALL MENWTBET(NBCHARS.CIGUTS),



3
USER WANTS TO TERM NATE CI G MODULE. RETURN ANVI L DEFAULTS TO THEI R ORI G NAL
VALUES AND RETURN USER TO. APPROPRI ATE ANVI L MENU RESET ALL MODALS WE HAVE
EOUCHED 5 RESTORE OLD WEI GHT TABLE CALL MENWIRET( NBCHARSCURWS) RESTORE
THI'S TABLE CALL CLINK(2) 7000 CONTI NUE 10 MAKR\SURE THE USERS DCS IS ACTI VE
BEFORE .W\E 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 RESETREEDOREDM 5S REAENE DEFAULT LEVEL CALL MENDEF( LEVELSAVE)
CALL CLINK(2) 8500 CONTI NUE BLANK ALL . GAGES I N CASE THEY CURRENTLY ARE
NOT BLANKED CALL MENBLKLVL(LVL1, LVL2) CALL CLINK(2) 9000 CONTINUE 5 CALL
GRAPHOFF RESET RESARK SETRRASS WE USED : 1 F NORMAL ANVIL JUMP KEY HI T (cF, cP
.) : THEN GOSWBSAV WAS SET | N GRU3A BEFORE COM NG HERE 10 | NI TIALI ZE

PDQCON FOR NEXT ENTRY | NTO CI G MODULES CALL PDQ NI T(1
2000 CONTINUE DQNIT(L)

SAVE CURRENT PART DEFAULT CURVE WEIGHT

(¥ ]

SAVE CURRENT PART DEPAULT CURVE FONT
sAvé cﬁnnsﬁT'pRﬁSENTATION'MGbE MODAL
saVE CURRENT PART DEFAULT CURVE COLOR
SAVE CURRENT PART ssLECTIb& MODE
_sAvs CURRENT PART SURFACE PATH DISPLAY MODALS
10 SAVE TEXT ORIGIN MODAL AND TEXT JUSTIFICATION
SAVE IgpLICIT POINT yona_
SAVE DEPTH ENTRY'MObAL
o/ SAVE CURRENT VALUE OF DEFAULT LEVEL

SET PRESENTATION MODAL TO INDICATE GEOMETRY IN 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,



- TURN ALPHA TERM NAL BACK ON CALL ALPHAON TURN GRAPHI CS BACK ON 15 CALL
GRAPHON CLEAR ANY LEFT OVER ALPHA TEXT FROM DI SPLAY CALL CLRALPHA SEE YQU
LATER 10500 CONTI NUE 20 | MODE(180) HAS TEMPORARY/ PERM - BLANK UNBLANK

| MBEDDED INIT. I'T MUST BE RESTORED ARTER THE BLANK LEVELS 801 TO 899
TO AVO D PCSSI BLE ERROR CONDI TION THI S FtA -1S SET AS THE VERY kﬁST
THING BEFORE RETURNI NG TO ANVIL FRONICIG S ITF ANY NMENXXXXXX CALL TO

ANVIL 1S EXE PRVAT ?%,WWEW@SMEUEWTO
OCCUR CALL CLI /0 p PURPOSE: TO CHECK THE
GEOVETRI C TOLE L - ?E c; CORRECTNESS TO SEE | F THEY
CONFORM TO ANSIgq E GAGES AND ZONES THEY DESCRI BE
MODI FI ED: Al 5@ T INN- L 1ME OR PLANE ADDED GAGEHOLE TO GAGES

CALL ADDED BEEU SELECTICNS FOR DI SPLAY DATUNIAND DEFINE BLOCK TOLERANCES
ARGUMENTS: NONE OUTPUT: RGAGE ARRAY CONTAI NI NG ALL THE | NFORVATI ON 20

NECESSARY TO GigfRATHLECT 0R\HODAIATSOALBOW FOR POTHTEHESENEST IR | NCORRECT
DES| GN. SUBROUTINES CALLED: ANVIL VERSION 1.5 - “CLINK REPNT, GRU3B, | @06 25

USER WRI TTEN: RESLVDAT ‘- - RESOLVES DATUM LETTERS STORED
SET IMPLICIT POINT MODE TO DEFINE AS DISPLAYED

CALL MVBITS (2'0,2,IMODE(146),0) ¢SET BIT POSITION
!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 FROM Cx191 cx1921J
AND CX193

3000 CONTINUE | | S
20  CALL PDQINIT(l) | = - N

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

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

TURN OFF ALPHA TERMINAL



I'N RGAGE Cl GVENUS - DI SPLAYS MENU CHOl CES Pl CKS - INPUTS THE USER ENTI TY
Pl CKS 30 _ MODI FY - MODI FI ES DATUMS & RGACE ( GAGES) RESLVDAT
-+ RESOLVES THE EXI STENCE OF ALL DATUMS BEFORE GAGE OR ZONE CONSTRUCTI ON
GAGES- - GENERATES ALL GAGES | DGAGE FROM 18 A0 71 ZONESP - GENERATES SP
ZONE'{l| DGAGE FROM 5 110-TO 113 DI SPLAY DI SPLAYS
‘GAGESZONES LOCAL VARI ABLES: TYPE NAVE( DI M DESCRI PTI ON | NTEGER

| UDAT . R NTERpkGEAGE FOR DATUM 10
FEATURE ' OF SIZE. THI 'S DETERM NED I N : NOTE THI'S |'S STORED | N COVWON RETURN

TO STATEMENT AFTER THE LAST CALL TO CLINK(2) DEFI NE TYPE TO BE . GAG FOR
FI LE TERM NATOR 1me®0 BRcKED08E, t8188s%92G0, 19700, 10710, 19800, 19900, 19910,
& 20010, 20100, 20110, 20120, 20130, 20140), PDQCON(2) | NI TI ALl ZE DATA. ALL
THESE VARBS. ARE | N CX191COM FOR THESE ARE SET | N CX190 NOW AND ARE PART

D Do eTER N | AT OPLORED. 8. 8] R 2 LA 0,4 2 A
AND | F SO, RETRI EVE THE | GE@‘%R&&EE%E?@%E(E%E?Fggéﬁﬁﬂfmﬁﬂl . AND.
| USER(1 ). EQ 1) THEN

5 4000 CONTINUE

CALL CX191

o ELSE IF (MENUPICKED.EQ.3) THEN
' USER WANTS TO RUN INSPECTION PATH GENERATION

5000 CONTINUE
10 - CALL CX192

ELSE IF (MENUPICKED. EQ.4) THEN
USER WANTS TO RUN MEASURED DATA COMPARISON

6000 CONTINUE

CALL CX193
v 15 ELSE IF(MENUPICKED.EQ.?B +.OR. MENUPICKED.EQ.99) THEN
.EﬁD IF
END DO

9999 CONTINUE

TURN OFF ALPHA TERMINAL

20 CALL ALPHAOFF



| GAGE AND RGAGE DATA HAS NOT BEEN RESTORED 30 FROM FI LE YET OPEN :
FI LE GAGE FI LE WHI CH CONSI STS OF part nanme. GAG OR CREATE FILE IF IT
DCESN T EXI ST WRI TE TH S MESSAGE TO SCREEN AT TOP LEFT . CALL

FORWRI TE(0,0,0 5 DO WHI LE"BAD FI LE NAMES ENTERED, OR USER HI TS ’
REJECT | N FORCERESP DO WHI LE ( STAT. LT.0) CALL OPNPRTFI L(I'UNI TTYPEIVO:)ESTA{.I}
| F( STAT. LT.0) THEN 10 COULDN T OPEN GAGE FI LE CALL

FORVRI T R OO)I‘E%H#AEQ:{' EE ' REJECT WLL GO BACK TO MAIN
SRR B L 0 S0

CLOSE GAGE FI LE AFTE READI NG DATA I F( ERROR)  THEN CALL FORWRI TE(O, 0, 0) CALL
FORCERESP(1,1) :REJECT WLL GO BACK TO MAI N CG MENU 25 €]

BACK TOREBEN NENUROSRLEOWRORAVENROUCHED END I'F 1000 CONTI NUE
5 RESTORE OLD WEIGHT TABLE
CALL MENWTRET(NBCHARS ,CURWTS)
RESTORE THIS TABLE
CALL CLINK(2) - | - L
7000 CONTINUE
10 MAKE SURE THE USERS DCS IS ACTIVE BEFORE WE LEAVE

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

15 ELSE | | -

CALL MENRTWRVU | vt
CALL CLINK(2) - -

END IF

8000 CONTINUE | . | ) o
20 RESET OLD nénA;s |

RESET DEFAULT LEVEL

CALL MENDEF (LEVELSAVE)

CALL CLINK(2)

8500 CONTINUE



]

DETERM NE | GAGE STARTI NG LOCATI ON FOR NEXT GAGE/ ZONE CREATED BASED ON THE
TOTAL NUMBER OF GAGES/ ZONES SO 5 FAR CREATED DETERM NE THE STARTI NG VALUE
FOR | GAGE( | USTART) WHI CH PO NTS -TO SUBSCRI PT OF RGAGE TO START STORI NG
STUFF TF(I USTART .GI. 1) THEN I F | GAGE(| USTART-1) IS TPSPCOVBOARCS, OR 10
DI MENSLONI NG THEN HAVE TO COWVPUTE THE NYMBER OF ENTITIES DI FFERENTLY.
THE PROCEDURE HERE MJUST BE UPDATED W TH CHANGES | N FUNCTI ONAL

SPECI FI CATI ONS. | F(I DGAGE . EQ 140 .OR (IDGAGE .GE. 10 . AND. 15

P 5o W R e, 85 CRHBD) cGRAERT Mk HGE BLKRRET,,

A SP CALLOUT IN | GAGE(I USTART - 1) |IF(ZONETYPE.EQ 1) THEN THIS IS A
Bl LATERAL PROFI éELEGAEBﬁN@EVZ@ELﬁaL 2PTORE NOM NAL AND | NNER AND OUTER
ZONE PTRS 25 ELSE THIS I'S A UNI LATERAL PROFI LE TOLERANCE
ZONE SO VWE STORE NOM NAL AND | NNER OR OQUTER ZONE PTRS END | F 30
ELSE | F(| DGAGE ck€r &RONKTREN HAVE A +/- DI MENSI ON ELSE | F(I DGAGE . EQ 130)
THEN HAVE A +/- HOLE POSI TI'ON END I'F END | F WHI LE THE USER HAS NOT
SPECIFIED (OR] .......... DO DO WHI LE (. NOT. TERM NATE)

9000 CONTINUE '

S CALL GRAPHOFF

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

10 INITIALIZE~PDQC0N6§OR-NEXT ENTRY INTO CIG MODULES
CALL PDQINIT(1)

TURN ALPHA TERMINAL BACK ON -

f’ o
R :

CALL ALPHAON
TURN'GRAPHiCS-BACK oN
15 CALL GRAPHON
cngAR ANY Lasi OVER ALPHA TEXT FROM DISPLAY
CALL CLRALPHA |
SEE YOU LATER
10500 tonmxnda

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



5 11000 CONTI NUE FI RST ERASE ANY MESSAGES ON THE ALPHA SCREEN CALL CLRALPHA *

RETURN THROUGH HERE | F USER HI TS RCR or Z 19000 CONTI NUE 10 REQUEST MENU

CHO CES 1-2 CALL CI GVENUS(12, 1DUM CALL PDQNIT(2) '
I NI TIALI ZE PDQCON FROM 2 ON... |F (MCHO CE.EQ 98 . OR MCHQO CE. EQ 99) THEN

15 REJECT OR OP COVPLETE HI T %ESE DON T TERM NATE YET END | F 14G0

CONTI NUE 20 | F(..NOT. TERM NATE . AND. & MCHO CE .GE. 0 AND. MCHO CE . LE.

THEN | F(MCHO CE . EQ 1) THEN DEFI-NE DATUMS 19100 CONTI NUE CALL

DDPI CKS( ERR@?)I'ELSE 1E(MSI BE RESTOREDTAERER THE BLANK LEVELBEBQPAE TP, SP,

PT, CX, SPra9299 TONAVOLE FPSSIHLE| ERRDRACENREEEONERROR) ELSE IF(NC}KXCE

_EQ 3) THEN CREATE PLUS M NUS ZONE 10 CALL PDQ NI T(2) 19700
CONTI NUE. CALL PMPI CKS( ERROR QDELSE | F(MCHOL CE . EQ__4) THEN DI SPLAY A GAGE 15
CALL PDQ Nref8) EDXG0 TANTSRLE &8 L TBESPVERY LAST ° THING  BEFORE

RETURNING TO ANVIL FROM CIG
5 IF ANY MENXXXXXX CALL TO ANVIL IS EXECUTED WITH
PERIODIC FILING ON, THEN ERRORS ARE LIKELY TO OCCUR.

CALL CLINK(2)
END

SUBROUTINE CXl9l

10 PURPOSE: TO CHECK THE GEOMETRIC TOLERANCE CALLOUTS
FOR SYNTACTIC CORRECTNESS TO SEE IF THEY |
CONPORM 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 o
| o ~
. QUTPUT: RGAGE ARRAY CONTAINING ALL THE INFORMATION
20 NECESSARY TO GENERATE THE GAGES.
ALSO, OUTPUTS ERROR MESSAGES FOR INCORRECT "
DESIGN. W,

SUBROUTINES CALLED:

ANVIL VERSION 1.5 =- CLINK,REPNI,GRU3B,IGUGI

o . a5 USER WRITTEN:

RESLVDAT - RESOLVES DATUM LETTERS STORED
- IN. RGAGE '
CIGMENUS - DISPLAYS MENU CHOICES
PICKS - INPUTS THE USER ENTITY PICKS
30 MODIFY - MODIFIES DAIUMS ‘& RGAGE
' (GAGES)

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



L3
ELSE | F (MCHO CE. EQ 5) THEN DELETE A GAGE 20 CALL PDQ NI T(2)
19800 CONTI NUE CALL DELGAGES ELSE | F(MCHO CE .EQ 6) THEN DI SPLAY DATUVS 25
GALL PDQ NI T(2) 19900 CONTI NUE CALL DI SPDAT : DI SPLAY DATUM DEFI NI TI ONS ELSE
| F (MCHO CE. EQ 7) THEN DEFI NE BLOCK TOLERANCES 30 . CALL
PDQ NI T(2) 19910 CONTI NUE CALL DEFI NBLK EEEgLF CALL PDQ NI T(2)

: I NI TTALI ZE PDQCON FOR LATER 5 USE B+SE | E (MCHOI CE. EQ 98 . OR.
MCHOI CE. EQ. 99) THEN REJECT OR OP COMPLETE HI T, SO RETURN TO MAIN O G
CORELOAD NAMELY CX190 10 ELSE NOT_ A VALI D CHE]CE END | F IF( NOT.
TERM NATE . AND. .NOT. ERROR AI}BG VALI D AP P

. OR MCHO CE. EQ 3)) THEN 15 '

PROCESSED AND STORED | NTO RGA( E'EE AINS
THE DATA NECE§SARY TO GENERA . Sl NG
" TESTS. 20 |F A §9¥§§§E§ PSORCZS
OR PT'S (MAX OF 3), THEN DI SPL GES ERE Pl CKED.
LOCAL VARIABLES: - .
TYPE NAME(DIM) 'DESCRIPTION
INTEGER  IUDAT - IPOINTER IGAGE FOR DATUM
10 - '~ © FEATURE
.- 'OF SIZE. THIS DETERMINED IN
o - {NOTE THIS IS STORED IN COMMON

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

15 G0 1O (19000,19100,19200,19700,10710,19800,19900 19910,
& 20010 20100 20110 20120 20130 20140):
PDQCON(Z) .

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

THESE ARE SET IN CX190 NOW, AND ARE PART OF PDQCOM
: 20 ITPREL = 27
(% . ISPREL = 27
ISTORUS = 257
IARCREL = 10
IDIMREL = 10

25 DETERMINE IF GAGES HAVE BEEN PREVIOUSLY CREATED FOR

THIS PART AND IF SO, RETRIEVE THE IGAGE/RGAGE DATA
FROM FILE o R

-+ IF(IUSER(2).NE.l .AND. IUSER(I).EQ.I) THEN

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

OPEN FILE GAGE FILE WHICH CONSISTS OF



|U - I NDEX FOR THE GAGE WHI CH W LL BE DEFINED NEXT AT THS PONT IN THE
CODE 25 WE HAVE (IU - 1) GAGES DEFINED. |UGAGE = INDEX OF
THE NEXT GAGE TO BE DI SPLAYED. SET RGAGESTRT FOR LATER USE | N NVMD3 DI SPLAY .
THE GAGES/ ZONES 30 - DO WHI LE (i UGAGE .LT. | UNVAX) NOW RGAGE
FOR CURRENT GAGE | S COMPLETELY FILLED, DEEERM NE  THE GAGE TYPE AN
THEN CONSTRUCT GAGE. CALL GDTTYPE( ERROR) 35 | F(. NOT. ERROR) N
| F (1 DGAGE. EQ 80) GO TO 20010 GO TO (20010, 20010, 20010, 20010,
20010, & 20010, 20010, 20080, 20090, 20100, 20110, & 20120, 20130,
20140) , | DGAGE/ 10 CALRRERIRG 4G5 OR m@ﬁ’q‘-ﬂﬁ! ZEL RGP TR DOBSH' TONTI NUE
CONSTRUCT THE GAGE SPECIHI D BY 5 | DGAGE CALL GAGES

( GAGEHOLES) GO TO 30000 20080 CONTI NUE DUNNV GAGE 10 20090 CONTI NUE DUMWY

GAGE 20100 CONTI NUE CALL_ZONESP_15
GO TO 30000 20110 CONTI | %*Eﬁé AT (BRRELBET | NE
PROFI LE FOR NOW

5 _ DO WHILE BAD FILE NAMES ENTERED. OR USER HITS
REJECT IN FORCERESP

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

IF(STAT.LT.0) THEN et
10 ~ COULDN'T OPEN GAGE FILE
S CALL FORWRITE(O,ERR_LINE,0)
CALL FORCERESP(1,1)~ !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(1,1) !REJECT WILL GO BACK
© TO MAIN CIG MENU

25 | ' GO BACK TO MAIN MENUS
| GO TO 9000

END IF



: :
CALL ZONESP 20 GO TO 30000 20120 CONTI NUE CONSTRUCT A
+/ - ZONE FOR ENTITY CALL ZONEPLM GO TO 30000 25 20130 CONTI NUE CONSTRUCT A

4/ - ZONE FOR HOLE POSI TI ON CALL ZONEDUMY( | GO TO 30000 30 20140
CONTLNUE ~ CONSTRUCT A COMVBI NATI ON GACGE CALIE~ZONEDUMY( | DGAGE) 30000
CONTHNWE 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 DO
10 END | F END DO B¥90*TONTI NUE TERM NATE CX191 EXECUTI ON AND RETURN TO
CX190 SET | GAGE TO BE CONSISTANT WTH NUMBER OF GAGES 15 ACTUALLY
CREATED (| USER( 3)%q ﬁf%%#ﬁ( 1) AND I USER(2) | F NO GAGES/ ZONES HAVE BEEN
CREATED | F(I USER(3)"LE NO GAGES/ ZONES EXI ST FOR THI' S PART YET 20
END IF GO TO C G MAIN MENUS CX190 | NI TI ALI ZE PDQCON FROM (2) TO (7) CALL

PDAINIT(2)  pprsRMINE IGAGE STARTING LOCATION FOR NEXT GAGE/ZONE
CREATED BASED ON THE TOTAL - NUMBER OF GAGES/ZONES SO
5 FAR CREATED |

DETERMINE THE STARTING VALUE FOR IGAGE(IUSTART) WHICE
POINTS TO SUBSCRIPT OF RGAGE TO START STORING STUFF

IF(IUSTART .GT. 1) THEN

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

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

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

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

i 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
U/ : L AND INNER AND OUTER'ZONE PTRS

25 : ELSE ..

THIS IS A UNILATERAL PROFILE
TOLERANCE ZONE SO WE STORE NOMINAL
AND INNER OR OUTER ZONE PTRS

END IF

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

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



SET PDQCON(1)-3 SO THAT WE REENTER 25 CX190 AT THE MAI N MENU REQUEST

CALL CLI NX(PDQVOD) END SUBROUTI NE CX192 PURPOSE: MAIN DRI VER FOR NC PATH -
GENERATI ON S TO GENERATE A NC PATH THAT CONTAI NS PO NTS ON EACH ENTITY OF A -
PART THAT IS TO BE CHECKED FOR TOLERANCES MODI FI ED: REARRANGED THI S DRI-VER '
TO ALSO ALLOW FOR 5 AXIS PO NT TO PO NT .H GENERATI ON 10 ARGUMENTS: T YPE
ARGUVENT /O DM DESCRI ON SUBROUTI NES CALLED: ANVIL
VERSION 1.5 - CLINK USER WRI TTEN SUBROUTI NES - | NSPCNTRL, DI SPPATH, 15

MODI FPATHPDQ NI T LOCAL | ABLES: TYPE NANME DM - DESCRI PTI ON
TH'S IS PDQCON LEVEL FCH MEANS THAT I T I'S THE 2ND LEVEL OF | MBEDDED
SUBROUTI NE CALLS AFTER A CLINK 1S 20 DONE. TO CONTROL RETURNS
FROM CLI NKS | N § EVEL, SET PDQCON(2). GO TO

(1000, 2000, 300& 0000, 506000, 700) PDQCON(2) DATA | NI TI ALI ZATI ON SET DEFAULT
LEVEL FOR PATHS AND PO NTS CREATED 25 DO WHI LE (.. NOT. TERM NATE) 1000

CONTI NUE ASK Ui 010 SNSRRGTIGN Ml 16n GERENSL1S. 1 Db CALL
PDQ NI T(2) 5 HM}OCE 99

DO WHILE (.NOT. TERMINATE)

5 11000 CONTINUE

FIRST ERASE ANY. MESSAGES ON THE ALPHA SCREEN
" CALL - CLRALPHA

&/

RETURN THROUGH HERE IF USER HITS R,CR or 2

19000 CONTINUE
10 REQUEST MENU CHOICES 1-2

CALL CIGMENUS(i2, IDUM)

CALL PDQNIT(2) _ | *INITIALIZE PDQCON

' FROM 2 ON...

IF (MCHOICE.EQ.98 .OR. MCHOICE.EQ.99) THEN _ -

15 REJECT OR OP COMPLETE HIT

ELSE . .
' DON'T TERMINATE YET

END IF
1400 CONTINUE

20 IF(.NOT.TERMINATE .AND. L .
& MCHOICE .GE. O .AND. MCHOICE .LE. 8) THEN

IF(MCHOICE .EQ. 1) THEN



7

REJECT OR OP COVPLETE H T DO NOT ALLOW AN EXI T UNLESS PATH FI LED OR
DELETED. ALSO DELETE HOMVE PT | F ONE CREATED. 10 CHECK TO SEE | F A HOVE

RO NT HAS BEEN CREATED | F( HOMEXI ST) THEN HOME POl NT EXI STS. CHECK TO SEE

| F A'PATH HAS BEEN CREATED. | F(PHEXI ST) THEN3j15 SINCE A PATH
EXI STS,, THE USER HAS NOT FILED THE PATH. HEREFORE, FIND OUT | F W SHES
TO FITE OR DELETE THE PATH OR RETURN TO THE MENUS 2000 CONTI NUE 20

CALL Cl GVENUS(16, |DUM) CALL PORFRENEZ2DATWSANS . EQ 1) THEN USER W SHES TO
FI LE THE PART CALL FI LEPATH 25 ELSE I F(1 ANS . EQ 2) THEN USER
W SHES TO DELETENEEE&EATH CALL DELEPATH ELSE | F(1 ANS . EQ 3) THEN RETURN TO
MENUS FOR CREAT/ DI SP/ FILE ELSE | F(1 ANS . EQ 98
.OR |ANS .EQ 99) THEN REJECJ'@XLgIﬁﬁ§$&ks§§§§bﬁNMQVING THAT MUST ANSVER
WTH 1,2, OR 3. 35 ELSE IF(McHOf#EL.E®PRVE) Thgeny O. O0) CALL
FORCERESP(2, 2)-.END IF ELSE | STS, _ BUT._HOVE PT DOES. DELETE THE
HOVE POl NT BEF&QE EXI TI NG Dkr e b S PT, Cx, sp

19200 CONTINUE

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

CREATE PLUS MINUS ZONE
10 CALL PDQINIT(2)

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

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

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

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



CALL MENDELPTR(1, HOVEPTR) 5

CALL CLINk(2) 3000 CONTI NUE END

| F ELSE HOVE PT DOES NOT EXI ST 10 END | F ELSE : F(MCHO CE. EQ 1) THEN
USER WANTS TO CREATE | NSPECTI ON PATH CALL MENDEF( PATHLEV) CALL CLINK(2) 15
4000 CONTINUE NOTE:  DOUBLE USER OF S.N. 4000 FOR CLINK & I NSPCNTRL GO TG

THE DRI VER FOR PATH CGENERATI ON CALL | NSR
:INI TIALI ZE FROM 2 ON 20 ELSE | F (MCHO GE®

RL CALL PDQ NI T(2) )
Q 2) THEN USER WANTS TO MODI

| NSPECTI ON PATH FOR A G VEN LEVEL OR POSSI BLY JO N PATHS ON DI FFERENT

LEVELS 5000 CONTI NUE CALL MODI FPATH 25

CALL PDQ NI T(2)

I NI TI ALI ZE FROV 10 GFONTBRUE | F ( MCHO CE. EQ 3) " THEN USER WANTS TO DI SPLAY

PATHS AGAI N 6000 CONTI NUE b é§§?
I NI TI ALI ZE FROM 2 ON ELSE | %—@DCQI

CALL PDQ NI T(2)
4) THEN USER W SHES TO FI LE THE

PATH CREATED 7000 CONTIBNE EF- CALL FI LEPATH CALL PDQ NI T(2) END I F END
DO GO TO A G MAIN NENUSCQ@%QINIT(Z) 'INITIALIZE PDQCON FOR LATER

S USE

ELSE IF (MCHOICE EQ.98 .OR. MCHOICE EQ.99)

THEN

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

10 ELSE

END IF

NOT A VALID CHOICE

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

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

PARSING TESTS.

20 IF A COMPOSITE GAGE. I ,E., MULTIPLE TP'S
OR C2'S OR PT'S (MAX OF 3), THEN DISPLA
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.
' IUGAGE = INDEX OF THE NEXT GAGE TO BE

DISPLAYED.

SET RGAGESTRT FOR LATER USE IN NMO3
 DISPLAY THE GAGES/ZONES
30 DO WHILE (IUGAGE .LT. IUMAX)
NOW RGAGE FOR CURRENT GAGE IS 8
COMPLETELY FILLED, DETERMINE THE
GAGE TYPE AND THEN cousmucr GAGE.

CALL GDTTYPE(ERROR)

f35_' - 'IF(.NOT. ERROR) THEN

IF (IDGAGE.EQ. 80) GO TO 20010

GO TO (20010, 20010, 20010, 20010,
- 20010, & 20010, 20010, 20080, 20090,

20100, 20110, & 20120, 20130, 20140),



10 I NI TI ALl ZE PDQCON CALL PDQ NI T(2) SET PDQCON(1) SO WE ASK FOR MAIN CI G
MENUS | N CX190 CALL CLI NK(PDQVOD) END 15 SUBROUTI NE CX193 PURPCSE: MAI N
GORELOAD TO . COVPARE MEASURED DATA AGAI NSTARBAGES OR ZONES ARGUMENTS: 20
TYPE-. NAVE( DI M) |/ D DESCRI PTi ON SUBROUTI NES. CALLED: ANVI L
VERS'ON 1.5 - USER WRI TTEN - LOCAL VAR ABLES: 25 TYPE NAME( DI M)
DESCRMPTI ON THI'S |'S PDQCON LEVEEaéF ,CH MEANS THAT IT IS THE
SECOND LEVEL OF | NMBEDDED SU EXE® CALLS AFTER A CLINK IS DONE
TO CONTROL RETURNS FROM CLI NKS CALTHPSQIETEI 2 )SETIRDQTAKIZE FROMEOON
(1000, 2000, 3000, 4000, 5000) , PDQCON(2) 5 ASK USER TO PI CK | NSPECTI ON MENU DO
WHI LE( . NOT TERM NATE) 1000 CONTI NUE CLEAR ALPHA SCREEN CALL CLRALPHA 10
CALL Cl GVENUS( 14, RBOLP CANTINBE® NI T(2) | F(MCHO CE. EQ 98 . OR. MCHO CE. EQ 99)

THEN REJECT CR OP COVPLETE HI T ELSE Qehk:gT USER
VANTS TO RETR EYE NEW MEASURED DATA E%g&g@ﬁgEFﬁﬁgzSé%EcS%¥F§%éCEP BY

CALL GAGES (GAGEHOLES)

GO TO 30000
20080 CONTINUE
DUMMY GAGE
O 10 20090 CONTINUE
- DUMMY GAGE
20100 CONTINUE |
CONSTRUCT A LINE PROFILE -
CALL ZONESP
15 | GO TO 30000
20110 CONTINUE
| | : , . CONSTRUCT A SURFACE PROFILE (SAME
k;' _ AS LINE PROFILE FOR NOW)
) CALL ZONESP '
20 : GO TO 30000
WA ' 20120 CONTINUE

CONSTRUCT A +/- ZONE FOR ENTITY
CALL ZONEPLMI
GO TO 30000
25 20130 CONTINUE

- CONSTRUCT A +/- ZONE FOR HOLE
POSITION

CALL ZONEDUMY({IDGAGE)
‘GO TO 30000 )

30 20140 CONTINUE



CALL READVMEAS CALL PDQ NI T(2)

CONTI NUE CALL READMEAS 25 _ CAL;AEEQ NI T(2)

2 ON ELSE | F (MCHO CE. EQ 3) THEN USER
. 4000 CONTI NUE CALL PROCMEAS CALL PDQ NI T( 2)
2 ON ELSE | F (MCHOI CE. EQ 4) THEN 5 |
MEASURED DATA 5000 CONTI NUE CALL SRNSEREGT ENDFPHBENATEON1GAGET UP PDQCON( 2)

DATA

.:INITIALIZE FROM 2 ON 20 ELSE | F
(MCHO CE. EQ 2) THEN USER WANTS TO RETRI EVE OLD MEASURED DATA FROM FI LE 3000

I NI TI ALl ZE FROM

S TO ANALYZE RETRI EVED MEASURED

I NI TI ALI ZE EBOW

USER WANTS TO DELETE ALL

TO RETURN TO THI'S ROUTI NE ON CLI NK&LE926NESUNY NUBGEBBPR REQUESTED TO SKI P
OVER REST OF ROUTINE GO TO CI G MAIN MENUS CX190 I NI TI ALI ZE PDQCON 15 CALL
PDQ NI T(2) SET PDQCON(1) SO WE ASK FOR MAIN CI G MENUS I N CX190 CALL

CLI NK( PDQVIOD) IEMDNV¢¢NTEm@Eence now to the data fIOM/diagran120 of Figure

devi ce

30 in Figure
END IF :
CALL PDQINIT(Z)

eVI ce can

END DO

10 END IF
END DO

9000 CONTINUE

TERMINATE CX191 EXECUTION AND RETURN TO CX190

10 of the draw ngs, struct P E% g nodul es
execute. Thg user or operat g g Gﬁ%ylig thrﬁg?h
one or nore |nput/output g% g ALﬂ?g gs F

any

SET IGAGE TO BE CONSISTANT WITH NUMBER OF GAGES

15 ACTUALLY CREATED (IUSER(3))

RESET IUSER(1l) AND _IUSER(Z) IF NO GAGES/Z0ONES HAVF

BEEN CREATED

IF(IUSER(3).LE.O) THEN

NO GAGES/ZONES EXIST FOR THIS PART YET

20 END IF
GO TO éIG'MAINIHéNUS CX190
INITIALIZE PDQCON FROM (2) TO (7)
CALL PDQINIT(Z)

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

»



interactive graphics termnal whi ch can di spl ay, manipul ate and
identify three dinensional wire frane images as well as al pha nuneric
t:ext. The drivers for THE 1/O devices and.- associated software routines
are 5 provided by a CAD data base generator’shown at 31. ACGWHI/O
processor, seen at 32 in Figure 10, is a further link in the interaction
bet we®n a user a : action between a wuser and CIGVA is
provi ded by the ggbfagggﬁﬁégaégéﬁ rator 31 of Figure 10 10, as well.

Such interaction is exenplified by I/O processor performnce of the
functions of selgﬁéing i ndi vi dual Cl GVA nodul es, entering nunbers through a
keyboard or by picKing or selecting geonetry, needed as input for the
creation of a gage. The CAD data 15 base generator capabilities are
actual ly used subﬁoﬁ&ﬁﬁti@919zthe gage gr aphi cs, but the C GVA
|/ O processor creates the commands to activate appropriate ClGVA routines’
and toretrieve data fromthe data base. "An interface specification is
provi ded to the £6BE: ve RP@eR U pt _ i broutines which
al l ow the CAD da?gnbase geﬁgggt%r toRp?ﬁg g?rg%??yGFﬁ?%gT%? . The
routines resulting fromthe interface specification provide the neans by
which CIGVA getre GBNBRATENANNC tPETH UBBAT OONTAINE pbrRhs i by PEgEgNtS

25 information bangIC® OReAUBRRT THATKIBtTONBE(CREGKEDI PORCTONBRAREES
t hroughout the CIGVA system in oné of the follow ng ways as seen in

Figure 10. 1. | nt ernodul e conmuni cati on i's achi eved 30 through the
ClGVA nmai n data M@GBEF3BD:2. | nspecti on, anal ysi s and statistical
results are witten to and r caREARRANGER THPSt DBIVERt TOi ABSO3ALLOW FOR
Postfional data is sent to ahdAXBSJPOINTh B0 POINBuBRAZHcGENBRATHANI cal

i nspection devices, such as .

10 ARGUMENTS:
TYPE _ARGUMENT - 1/0 DI DESCRIPTION

' SUBROUTINES CALLED:

ANVIL VERSION 1.5 - CLINK '

- USER WRITTEN SUBROUTINES -~ INSPCNTRL,DISPPATH,
15 MODIFPATH,PDQINIT

- LOCAL VARIABLES: | )
TYPE NAME . DIM - - DESCRIPTION
— THIS IS PDQCON LEVEL 2 WHICH MEANS THAT IT IS THE 2ND

LEVEL OF IMBEDDED SUBROUTINE CALLS AFTER A CLINK IS
20 DONE. ~ TO CONTROL RETURNS FROM CLINKS IN THIS LEVEL,
SET PDQCON(Z).' L

Go TO (1000,2000,3000,4000,5000,6000,7000),PDOCON(2)
DATA INITIALIZATION
. SET DEFAULT LEVEL FOR PATHS AND POINTS CREATED

25 DO WHILE (.NOT.TERMINATE)



4 coordi nate measuri ng machi nes, Vi si on systens, nuneri cal

control machi ne tools and |aser range finding devices represented at
35 in Figure 10. The CAD data base gener at or 31 of Figure 10, 5is - *
.essential to many of the Cl GVA operatlons -provi di ng 3D CAD geonetry As ,

I nput . In addition, many of the CIGVA operations .create and‘ﬁl

3D CAD geonetry as output. CIGVA was designed so that a CAD data base
gener at or (1080, CORTENUE- 4000, *Uni graphics, ~*CADAM .10 coul d be
“plugged” into tRggs C%%g b generator allows t he
user to generatgg ﬁgéﬁn&% ?EK rpegﬁgogl %ﬁg CCGVA to wuse the
intrinsic CAD fuf8LkoREGMENES 1@!5&@ ) and display CAD geonetry as
needed. Through gRgr, PAGINS¥Egm C GM performs the 15 basic 1/0
functions of termnal display driving, menu display and data entry.

Since CIGVA operates wusing many of the capabilities of the CAD

system userss intepR@RCHOYCELEQ. §hC“@RUBMCHQtCEQEb|99)aQH®NV point in time
whet her they are operati

E - softmare or they are
executing the Cl GVA softwar J ¢ch of the
five . C GVA nodul es here| ﬁggég ﬁéné%k %&g %ﬁ Egﬁbdata
fl ow di agram of Figure..

ﬁ Pé 37

nodul e 36, the 25 |nspect|o the.analy5|s nDduIe 38, the job
control fdGRBCK 3O, SERNTF AhHOMEoP@IKﬂcHASnBBBNeCRE&IEDEScription\MII
herei nafter proceed for each nodule including: 1. The nodule inputs. 30

2. How the nmodule works; what it does, and what al gorithns are used.
3. The nodul eIBGEPMESISR) oBEEN ption of the gage nodul e 36 of Figure * \of
Tradenar ks HOME POINT EXISTS. CHECK TO SEE IF A PATH

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) :
CALL PDQINIT(2) | W,

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

CALL FILEPATH g;,
.— 25 - ELSE IF(IANS .EQ. 2) THEN =

USER WISHES TO DELETB THE PAIH

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

' RETURN TO MENUS FOR CRBAT/MODIF/
30 S DISP/FILE

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

REJECT OR OP/COMP. SEND WARNING
THAT MUST ANSWER WITH 1,2, OR 3.

35 o " CALL PORWRITE(O, 0, 0)
CALL PORCERESP(2, 2)
END IF



¥

10 begins wth reference to the inputs for t he nodul e. I nputs

i nclude drafting notes and three di nensional _.geonetry. The drafting
notes are those depicted in Figure 11 which iz/a chart taken fromthe 5
Aneri_can Nat i onal Standard for D nensioning and Tol eranci ng, ANSI
Y14.5M: together with plus and mnus dinensioning. The plus and

m nus™ di nensioning is corgis&red to be all dinensioning outside of
t he geonetric tol erancing = of 4.5 : e di mensi onal
geonetry is obtained from thgag m%é&}égas%gﬁ%gé}xﬁ Q,Ljﬁg,ged into
the Cl GVA system The gage nodul e 36, besSTdes asklng fo Iijl;e t eNsi onal
geometric information fromthe G¥LIMENDRERTRAL, HGWERBRE for drafting
note information’from 15 the d&R&LL REENK(DE the purpose  of

establ i shing tol erances. The ClGVA software asks for t he
~information in a sg)ecifi C setﬂ.&ence as represented by a nmenu displayed to
the user. The menuwdQIDRNTINRE yser to initially define the datuns -

on the three 20 dinensional mepnegric display of the part to be
di mensi oned. Dat um defi 'té’Egn i.nvol ves assignirng a synbol to the
datum (plane, hole, etc.r%L nd then identifying t he datum feature
by designating the feature forHOME BT ApOEBSTINOT cEXI$Tentifying the edges
25 and the logption gf g datumplane. Cl GVA understands the ANSI Y14.5M
drafting text. There?‘ore, the datunms are further defined by the
four form charact eELSE i TB(NGHQIERQebl, THEMLt ness, circularity or

roundness, and cylindsées tWﬂ)NTSS:l?‘ %%@A}.ﬁiegy%g?%%%m: pApg tolerances on 30

the%j.orm characteristics assign . as hereinbefore

destfibed, nust nevefALLMENDEEARATHLEGE greater than about  ten
percent of the 't dFARbaftdI¥(Dhed on the other part features which are
referred to the datuns. For exanple, if a location tolerance 35 of

anot her part ;¢ ff?ﬂd”ceon'i‘fmé)' 006,' the flatness | |
NOTE: DOUBLE USER OF S.N. 4000 FOR 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

5000 CONTINUE
" CALL MODIFPATH B .
25 CALL PDQINIT(2) | tINITIALIZE PROM 2 ON

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

6000 CONTINUE -
‘CALL DISPPATH



tol erance of a plane used as a datum nust be no nore than 0.0006.

CIlGVA understands ail of the other drgﬁ%ing text of Figure 11 which may
be assigned to the various 5 part f eatlrf es Si mul taneously wth .
the input of drafting text to the ClGQVA system syntax checks are taklng

pl ace, definitive exanples of which wll be presented hereinafter’
Profile tol erancegsALLOPD@DNET(DN tol erancesini@rhoeaiE eROM @ @ppnces

and runout tolerances (Fig. 11) are all .determned wth respect to
one or nore datuns. . When specifying these tolerances one or nore
dat ums need t oEBSE TEB{YEBOTCE .EQ@. #heTHENature control synbol . An

exanple of a featggch?@Fﬁeg §an9£,agﬂb gé§H%F§%i&% on a draw ng

depicting a part is as B C The foregoing
is expressed to the CIGVA system by the user as: TP, CZ .060 M A
B, C Inthis positional tolerance of .060 nust be
conS|dered 20 JPK@”EPSEIEE? to three datuns, A B and C. The [err]

ref erenced by thesEAPEaEGPﬁpésﬂtrol symbols, serve o define the
functional requirexent ppotNIthe) features being controll ed. This neans
that the degrees Bf %reedon1 of the controlled feature are
defined. 25 Exanpl§§ ) ‘the application of datuns to a part having
certain controENBdDDeatures may be seen with reference to the controlled
part 41 of Figuraasl f ns are depicted in Figure 12 as
shown on theEB gptaiﬁ ﬁégﬂngﬁﬁygdcgithhrough E, and a nunber of

part 30 feaﬂ@régITihéIzalEDQCGHown Part 41 has a rectangul ar solid base
with simlar l@ﬁﬂthBB?th@§ dinmensions and a smaller height di mensi Qqy

The upper surface 4 ase is designated datumA.  Part. 41 “also
has SET DDQCON(l) SO WE ASK FOR MAIN CIG MENUS IN CX190

CALL CLINK(PDQHOD)
END

15 SUBROUTINE CX193

PURPOSE:
MAIN CORELOAD TO COMPARE MEASURED DATA AGAINST GAGH
OR ZONES ) 5
o ARGUMENTS: _ S o o
20 TYPE NAME(DIM) I/D DESCRIPTION

SUBROUTINES CALLED:

ANVIL VERSION 1.5 -
USER WRITTEN -

LOCAL VARIABLES' _ : :
25 TYPE NAME(DIM) ' DESCRIPTION

THIS IS PDQCQN LEVEL 2 WHICH MEANS THAT IT IS THE



. .
four simlar bosses 43 extending upwardly fromdatum A and a fifth boss 44
desi gnated datum E. One vertical side of +the base is designated
datum C as shown. Another vertical side |s*‘fpe5|gnat ed datum B as
shown. 5 A hole 46 centrally Jlocated in the base 42 s
desi qﬂat ed datum D. Fi gur es 13A, B and C are chart  di agrans of gages

h

3?ifhe p;?? 41 OG%% z?”é @wﬁ%a opggg § ngh§£ EE&&&v%;#V%L;%§2ﬁ%§:§§é;; |

colums a, b, c ag g0 Ing %r\( nta
seen that if a ga seen at , e for the four bosses 43 of the
part is - con&S F& éd0@§|'r¥§0°oﬁ990 +4808m50R0 )i:ﬁDQﬁ@hgjédmet ric
tol erances thens kK SERRE® WICK E@z\é@acfv%k Tnft?'u and the
o] eedom in the X

di rension will have three remal ni n%ﬁ %r ees
transl ational di PScREFRE (- 8AT®) translational direction (YTT),
and the Z rotational d| rectl on (ZTE). Reference only to the A datum

does not tie R bosses 43 down in the Xor Y
transl ati onal di rggﬁ% @%’Iﬁ&&al "the Z rotational . direction. The

remai ni ng gages OfCLEAR QLPEA SCRBBN B and C have indications of

the datuns applied metric di nmensioning of . - the part
41, and indicate é%ﬁ%ﬁé’?ﬁ?\n degrees of freedomas a result of that

geonetric di ¥ensi orﬂM@-. CIGMENUSAHdt,iIREY) the dat um i ndi cations al so
contain nodi fying synbols such as M (maximum nmaterial condition) and S
.(regardl ess - of feature size) which have an effect on the remmining 30
degrees of freedom as GAYY PRQINIFdRder be described. The CIGVA  system
aut tically determnes what the functional requirenment’' of a given
set of features are. - y em__ then displays.. ~this
functionality by geﬁ@r(%ﬁﬁg%zaﬁﬁh ‘GRme NERGILE - ﬁ@dé% 13FEEN t he  wor st
case nmating part, sonetiRBIECTCOR @d’ COMPLETE HIT

ELSE IF (MCHOICE.EQ. l) THEN

13 USER WANTS TO RETRIEVE NEW MEASURED DATA FROM
MACHINE

“ 2000 CONTINUE
g L CALL READMEAS
CALL PDQINIT(2) 'INITIALIZE FROM 2 ON

20 ELSE IF (MCHOICE.EQ.2) THEN
USER WANTS TO RETRIEVE OLD MEASURED DATA FROM
FILE '

3000 CONTINUE
. - CALL READMEAS
25 - CALL PDQINIT(2) 'INITIALIZE FROM 2 ON

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



functional gage, a nunber of which are seen in Figures 13A, B and C
The CIGVA system determines the underlying functionality for any
set of datums and nodifying synbols in agfarticular order or
precedence 5 by applying the following rules. Wth reference to Figure 413A,
gages are shown for inspection of various features of the part 41 QJ
Figure 12 whqhgo R IfREUM referenced for geonetric tolerancing is

pl ane. If th datum_ referenced is 10 the primary datum the
ClGVA system forces Chlde PBOCHESSof cont act between this datum and
the mating part. If chne @spemrmelerenced iignihe azaeendaiou datgym the
Cl GVA system forces two points of ~ contact . between this datum and
the mating part. If the datuntlS_referenced is. the tertiary datum
the ClGWA systewmtgmpqy (wnmo:m@rmb af) qgENact between this datum and the

mating part The i t &% are ‘the
first, secor?d and t hi M@&M g#’é‘# gﬁ‘véﬁ%é"g‘rﬂé’p t he
feature - control bl ock. 20 They appear in the right-hand end of the
feature control g Seen in .the gage charts of Figures 13A

podt Eohgrite

t hrough 13C. referenced-  in the feature control block
is a datum feat WA.LoDELMDATAsuch as a 25 hole or a boss, then the gages
of Figures 13B angpy £3C apply. If the material condition referenced

is at maxi num material condition (MVC or M -) as seen in Figure 13B,
then if the EdR ®Ris the primary datum the CI GVA systemforces the axis

of the mating g e POCYOMIQ) TERRETURN TOO THI ROVIINE @N ddumks datum
in three dinensions. |If the datumis the secondary datum then the

ClGVA system forces the mating part feature to faII Wi thin this datum
if the datum i999% CONTIINUBr to totally surround the datum if the
datumis a boss. 35 Siﬁilarly |f the datunrls a tertiary datum then
t he

- ERROR REQUESTED TO SKIP OVER REST OF ROUTINE

GO TO CIG MAIN Msnus cx190
INITIALIZE PDQCON
15 CALL PDQINIT(2) | o ' e
SET PDQCON(1) SO WE _ASK FOR MAIN CIG MENUS IN CX190
- CALL CLINK(PDQMOD)
END
With reference now to the data flow diagram
20 of Figure 10 of the drawings, structure 1is ‘'shown in
which the CIGMA modules execute. The user or operator
interacts with the CIGMA system through ~one or more

input/qutgut.-devices as represented by the user I/0
device 30 in Figure 10. This device can be any



¢ GVA system forces the mating part features to fall within this

datum if the datum is a role, or to totally surround the datum:if
t;he datumis the boss. Al ternatively i f tHh mat eri al condition 5
referenced is at 'regardless of feature size (RFS or S as seen in Figure
13C) ythen if the reference datumis the prinmary datum the Cl GVA system
forces the axis ofiRYRLARRLYRy EFaphic e tmmwuad t whtilgh axicanof tddisplidat,um

in three dinensigspuldtd [yﬁauﬂyééng (ﬁjﬂgﬁé{éhg Ulre frame
translating wthin thIS dat um I'n er mor e natlng eature is

sinmulated by a tapetaifHid® Keldn a&laﬁpr@om%ﬁ%q ngFhthi @F iV&tEes fiare

mating feature to ke My SpRaa dead Welld | taslde itk d e aldre s ndy he
seen in Figure 13C where a tape structed aqn the

red 1 n 48 i s shown co
gage depi ctions WRPHHREHAYA ISA(Q:%&anaSFe IFFRBEAF OTh A PW )3t of3l e he A
ont rast od wi th h%xé%sﬁf ﬁ&mq;ﬁ;e&?ﬁ”ﬁ“"mg P P e EZSWC
u an
symool Mis 20 eelt il M P g Eac i sk g et
Dot feature 25t Fre R ged By e b it ndde DHARAC U (e s e
total ly surrourkd te, daﬁ%mwﬂsl a Sushs. inwaaﬁqﬂmiirﬁacb:fmpltmd oy ity

datumin this cas f r nt h e r
gage (Fig. 130 f%ﬂ?fﬁéﬁi’;%ﬁoﬁﬂ&cﬁ Ea@t httsehédatefu"{n?é%% |§&%a§se aétét}ﬁn‘%o

D on part 41 of Fiififigridunal IWG%M kOGBS on entgringe RURRAES tthiragahcp

reqardless = of fl@}w&dﬂo?tewpfﬂéumamleé‘eléct!i’kﬂ;tﬁjédﬁéﬁ’r)d,attﬁéeaed
the the Cl GVA sstemfor(r:ﬁeq% art_ feature

within the datum i3t iPRBY u ol%re%‘?m‘?o of ot%lﬁﬂeswﬁtﬁjrﬁf‘%éiat"r?e |
dat um i_f the d&t wases agérmtoxAs capdbilicc s nedye actually used in

creating the gage graphics, but the CIGMA 1I/0
processor creates the commands to activate appropriate
CIGMA routines and to retrieve data -from the data
base. An 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

Lo _into CIGMA. The routines resulting from the interface

' ' specificatidn'provide the means by which CIGMA gets

ceté from the _ usér;_'and by which it presents

_ 25 xnfornatxon back to the user.

O Information (data) is exchanged throughout
the . CIGMA 'system in one of the following ways as seen
in Figure 10. _ '

_ 1. 1Intermodule communication is achieved
30 through the CIGMA main data base 33. '
| 2. Inspection,. analysis and statistical
results are written to and read from the input/output
files 34. o
3. "Positional data is sent to and read from
35 various electro-mechanical inspection devices, such as



and secondary datunms, such a mat eri al condition assigned to a
tertiary datum prevents the mating gage feature, tapered pin 48 on the
gages of Figure 13C, from tran_slating‘(le within the datum D on the part +
1 of 5 Figure 12 in this exanple. Wien daltuns are referenced in a
feature control block,- the foregoing rules can be applied to deten‘ ne .

the precise fung&tanﬁéﬁéy O&es,@@:m&' "hEEHingd LN T CFREREnt O tggsiea§ures

bei ng controll € prinmary datumis .a plane en if eature
control bl ock NuPPEAFRL as°°PFﬁ%1pos”§$0h“ed|aﬁ%?b$ apgo lpFen wABREE

datumA is a pEi‘ﬂ&m&h@QvDBdﬁl tebryséited taye id FD@ﬁf@' gothe orientation

of the mating part. ans |s
contact on 15 the thré ﬁéaﬂgﬁﬁ?n?§°%f°?%%xiF% e3A rgfereﬁgééeasiphe
primary daturg zandekhenmlngteuméapeofv\tﬂzé cbemaabperedibas prowskane and
rotate, but ﬁn e consgralned to EenaiP cog%&ngr to the datuglsgaface
A, An exanpl 2 sﬁﬁﬂme LYoffeh8PBht ng 1RestfELCAB], B3Nt j £
Fig?re 2? %SA ?ﬁenAmhopgiadkpngéscEeateaZﬁénggzlay B?ﬁgagTbaogh$$y as
| nstance) tor B Ggg  fidsTHYe ?@S Ehée! Na' "Eap’ 332 'bvase
directions and® ? géta t Iso be Rat °3FSr
feature contrgeneeatkr cali-euv Ghnvtlué00%05|fUDhthPQnSSQr *GﬁDA@étum
25 & uher ¢b kauda Bea® 1F35ea- Q?Eb”@hepé?kteﬁr  88eCcABl Ba@dl Cpakih ea
S 0 art

appl i es whi tra I on t he mat relative t he part
41 of FiguregeRrgraffrt hedlkewsandther BF?§ct Gnsgeaﬁéatﬁotéﬁﬁéﬁ ald®ut

the ZT access. @BhQQH§thﬁa|hllbb§ dé&@ﬁhA tgdugse tﬂﬁea”Q%@Ef%%ﬁU CAD
al | owabl e ot i on froma to uncont.rol |.ed  not hree directions of\

plus and minusf PP&ﬁéP&FlonEgnd fRPaLe dPP@cthﬁEiaXf ChbPus IZRTeHEUS 38
rotation) to theeeedegrehsoubhfmaedocnntraysbem»onczaangpeftonmsd the and

[ﬁteatlon abcﬁt bég'i.c?’SI/O functzonst hgf EEEH%de%EEQu? %z'l%‘i m%rRlOSS
display and data entry. Since CIGMA . operates using
many of the capabilities of the CAD system, users
interacting with CIGMA may not realzze at any point in

_ time whether they are operat;ng the CAD vendor's
20 software or they are executing the CIGMA software.

A more detailed desc:zptzqn_ of each of the
five CIGMA modules hereinbefore described will now ./
‘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 job \;
control 'module 39, and the"tblerance module 40.
pescription will hereznafter ptoéeéd for each module

including:
_ 1.  The module inputs.
30 2. How the module works: what it does, and

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

* Trademarks



synbol s M . or S are used as her ei nbef ore descri bed. | f
the material condition specified on the prinary datun1is at mMCc ( M)
tshe feature control blocK mght | ook as foNI 0 0 .060
M DIn the foregoing the hole 46, mn as datunlD in Figure
g%%5|cally controls the orientation of the mating part for the
part The axi <.0of oelgdinsat wighpark fieg eheecedot othe pPanpule@l t @ohe @KieS

of the datum 10 | l.arl t.he n 49 on e of F|gure
13B,e,a i s forced-F% qe'pa?&?ﬁéglngl%PﬁedréfPsngoP°Fﬁé &gpuﬁw%ﬁéle D
Once the datun1and1nhasnanﬁﬁg gecmetdy .t heThageprafe iag enbedscoarecthyse
the mating featur I | 15 t han e d.r wi thin the datu
SRl ed 1&“@Qghge 13 §h§Eu 3394 %5%%% tﬁgkﬁgtuEE fe

15 where they are"holes suc surroun Ofng*
translate and rot af€rarddnd Nﬁélﬁaﬁéns wiendardey £o¢ boPieensGeadwnyri aaldl y

the mating part i|sallayednsQ hﬁ@&s&ﬁgesﬁlO@%§5Q§e¥Tw§8% ) exaﬁgﬁe n3gst ©

rotate about the ZT axis as seen in
However, the mati S¢MEASLONLEg.q] wafhe h@ﬂésmnﬁﬁﬁn masugat dimeosidaiom hdkes

(D or is always helngigere@undongn tfaen @%\Wﬁ‘s hak bagses
(EM Nhthenatlcalzé détunlD rEcheg t he .anou loa F@Mﬁ%ﬁggggflo%% rgﬁf

six degrees PEEFEHE PIRAG%0 2 c&H§FoI 1455M. 5 The @aree
three degreed0 dfinmehsdedah gaddietirgnalilsy, odtddned h@rdmor thRoseap | ig&iklas

the - t of t | f th

deSia?rgznbe?meenégfﬁeéggaféﬁfrfé§P§Fg b%ﬁd‘"%ﬁeEg Fﬁggapéﬁﬁgﬁgatufe. 30
| f the material conditTse gaget haodulienad ,dbesihdes askingFfor theeRe
égéﬁjss , then aFQQnsxgﬁhﬂrgeﬁﬁ@E&ql bl; Al ¢ W?Qh% n2PRen A% HR £Ap  data

D where or boss. n the exanpl es se
herein, datum D ba§e a3lpol @lsgs asken foirtn drpifging npre Rmforgaltiipn tirem

hol e 46 controls he Ogaed! ablage OforN® the purpose of establishing
tolerances. . The CIGMA  software asks for the

information in a specific sequence as represented by a

menu displayed to the user. The menu prompts the user

to initially define the datums on the three

20 dimensional geometric display of the part to be

dimensioned. Datum definition involves assigning a

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

- identifying the datum 'feathre by 'designating the
feature for the program; i.e., identifying the edges

25 and the location of a datum plane. CIGMA understands
the ANSI Y1l4.5M drafting text. Therefore; the datums
are further defined by the four form characteristics
(stzaxghtness, flatness, czrcularlty or roundness, and
cylindricity) seen in FPigure 11, The tolerances on

30 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 are referred
tc the datums. For example, if a location tolerance
cf another part feature is 0.006, the flatness

()
[¥)}



mating part by forcing the axis of the mating part to be parallel to
the axis of the datumhole (or boss). 5 once the datum and the mating
part are oriented correctly, the makthg feature is only allowed
to rotate about the axis established by the datum No translatiom is

allowed as wth the ier M hereinpefore described. - This
illustrated = in“oFegRRee h@flgcpterée YRS 55 @ r"tﬁ%‘t‘fon““%ﬁouge th% ’Z?r%gm s

only is allowedthafhtisg006he RFS feature specification, in this instance,
mat hemati cal |y reduces e n of | oygbl . .
the part 41 and its na?*%%kpa??gg?$b ncs aﬁ%co ro ?%SBEHQP ggg?@ﬁ%

freedom 15 condiekxonofof hgetregld dégceeﬂmy beemﬂshgnendtoloh ETRyéTheus

Cl GVA systeng gpks fégg f]égntax 9£u£€%b€§§% S&?EEarghe n§ioe

call -outs ““Tenti one erelnbe ore ure 1 Ta nacﬁlned
part 54. is dépaﬁtedghhaxhgtantherG;GHA 7snetem.|nayoaaad ghe2@ss6aras

seen in Figure d B i b, heqpar rbkag to
t he box call-ou%éki{?8 glﬁgbseeae?hh§glg%tuﬁ?éﬂﬁpeg %gt Ph§§Fngg§&b5g
ei ther naxi mum PRESERFEd hepAinafbAL. M regardl ess of feature

size S synbol Th'?rofﬁleerﬁeletﬁheég,th@r?én@@ﬂ@bh'OntoQErehbés boss
IS not Egn npl et ¥ Wit outagne such call-out and it nnqé
therefore be &SEFEF°BatE eFABCeSeaRBuI HURBHE |F°Eeﬁé§°§5da4§ﬁﬁhol )

The box nust thggef oaklappgesermsndd witRO redpect tD one Bor S more

Gispiay - and ARENBES. i ndnbo spECigYrag: "EhESoRarkkanRs pig ot ﬁ*%%%pear

in the af orenentacund peepetofbenlrEEEheneéérenne tbeFi featur®, anntANS
standard call - 04iph13NOWAN! Okxahibife! N6AdCEeRRLES Rénicdd lh%[y%@oqarats 3t

wherein the hol lameters are to era

conditions. 15 w@pparstAnsa psawisg. éSP#FQhﬂgeFrBﬁrF éﬁ\aﬁhé°1§P§ﬁdp0|nt
of the tolerance

0 0 .060 M A B C

The fofegoing is expressed to the CIGMA system by the
user as: TP, CZ .060 M, A, B, C. 1In this example,
_ the positional tolerance of .060 must. be considered
20 with respect to three datums, A, B and C. The datr 3
referenced by these feature control symbols, serve o
define the functional requirement of the features
being controlled. This means that the degrees of

 freedom of the controlled = feature are defined. -/

25 Examples of the application of datums to a part having
_certain controlled features may be seen with refetence
to the controlled part 4l of Figure 12. A number of
datums are depxcted in Figure 12 .as shown on the part
41 desxgnaeed 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 smaller height dimension. The upper surface 42
of the'base'is designated datum A. .Part. 41 also has



standards, the holes are threaded and the M call-out would require
measurenment of the thread peaks and the 5 thread roots for

conf or mance. This is clearly inpractical ~Nffom both a measur enent
and a use standpoint. The generated systeminspection gage will not
recognge the maxi num material call-out. All that is needed is. proper

posi tioning of theffkgedstimiianerbagseni ¢h ek tenehngoepwaedly hf eemlsdatuhg
system- therefore ahaphamaawswg ngyt Bél&léaszéa%aem nspect i BHegafgrmél

be generated at regardless of feature siz and ts the user
substitute S for MEafethef hoF%edlgiﬁ?erlSru@eﬁb%¢4¢%m t@remnce. a$ shown.

The gages of FigurgaotBér-véreieashe pl gy t
XYZ coordi nat e systeﬁ138§%gnlgg Z c?e?hggcgﬁgfo ?@é@?%z?%ﬁesﬁ a! %hoaﬂ
d

part they are Coftstr RRERBEY calPGateGisphRt . theTh%ﬁse|s4&hyls
the relatively S|nﬁbelgnhteeuaam@mcb references only 20 datum A for the
part 41 of Figure 12 causes_{he Cﬂctg systemto_construct a relatively
sinpl e gage as seen in Fight83r98atiA, BRRd g%geaf%stc%%h¥|oﬁbﬂ9€%%§|s?§
only of four hol esgddesn tweidat untpeaneCI@MA. systemnaaa@e SeRscthat t pér

tricti i ' _h, th I
the hote D and ¢ heohastihaoraFhBbh e eaadren” s | 0Re %0488 I0Ry, el BlRfe.
47 appear toget Bér l@i.th EhehtapéredhpinFﬂ@u(bechﬂke—t@ehdatﬁuuD celundsfaed

by the RFS syntob " cSeha andnd FGRETRH: PobReZL, (hFgaUserihg dghury boss

is 30 also rmodified b tufe
control call-outs M8¥ p FnaF?e“seébﬁﬁaryfané gagei segnpatinBigureBlahagd &, i s

sh in Figure 13éoibthah26@tnbo§ée§9@§ oEZtﬁad §§r@re4Pr0¥édeéoH§§£@8=ed
gage for forced-contact wit ecti vel

coordinate . systentSt89 aPEEY d%§BFde6 M}PhtBScﬂ eEREC t°b&5é§°6$r then
Figures 13A - 1€ tHesphgyiwgllthavet heeer anebesl ogp &ﬁdChthéraB§héthBn

and about which rOtf&'ORaUEy three remaining degrees of freedom in the X
translational direction (XTT), the Y translational
direction (YTT), and the 32 rotatxonal direction
_(ZTR). Reference only to the A datum does not tie the

20 pattern bosses 43 down in the X or Y translational
directions, nor in the 2 rotational direction. The
remaining gages of Figures 13A, B and C have
indications of the datums applied to the geometric
dimensioning of the part 41, and indicate the

25 remaining degrees of freedom as a result of that
geometric dxmens;onlng. _ SOmetzmes the datum

 indications also centaln.modifying ~ symbols such as M
(maximum material econdition) and s (regardless of
feature size) which have an effect on the remaining

30 dearees of freedom as will hereinaft er'be described.

The CIGMA system automatzcally determines

 what ;be functional requirement of a given set of
features are. The system then .displays this
ifunc:ionality by generating a three dimensional model

of the worst case natzng part, sometimes called a

Ly
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be made in accordance wth remaining degr ees of freedom (DF) after -
tol erancing. A description of t he functions of the inspection
nodule 37 of Figure 10 wll now  bgiundertaken. The inspection
gages of Figures 13A - 13 C are stored in the conput er -as herei nbefore
described in conjunction with the description of the gage nodule 10 36.

t hree dinensiongl CAD sentation_of .the part to be inspected is al
resident in thet8R8%h b?g? THQQEOHthBP”PEraﬂérEhéthHée gaen -§h§psurs§
that it may gemx;ata andcogveni ghe CnSﬂﬁCtE?Qteﬁathqete R€neseNSehe

conflguratlon ra end on the shape of. the art
The cl uster $é§?5§%§& ¥E§S£E b?éﬁggrd‘ﬂérdﬁﬁye EtaP dcaFPBﬁ1““
RenishaM/Cbrpormodnﬁj1n9neymppé50inpaoperziau&ara sibdelk woth @recebgncei p.

[ part bei ng PReRRYEfna  ERR, EbLEoRly, puTRuce 1rom PoLTL 1O PR epou

software now goes Whth refiersppectkonFpguneddBini gages afbeshown

exists  two 0pf69n§n%géctibﬁ o@ebhghéhgn gEurEQeof'n%B%Cthggt Pgyh. 4

the first option, revi ousl { tical maj or
features on F%ﬁ@repalg ¥Berge PﬁspééFBE asfssenssdesén:eeepyetnec

st or ed Inspectt@nezsaeen ais aU aneThe TESPREL! ORagage: r@%eheh%hebeﬁgfe
descri bed, uias t he GD romthe part drawing a exi st

in the pF%%enth%Bﬂtyof H@' pSLF FAGHMAe 5¥§ﬁﬁﬂerf°r?ﬁ§ s& EREre
pi cks an apprp@tnﬁkecftcpntantSBetwben ckHiker dagam (EhﬁUFQhe5)n§EQng

creates a logic ath t e Si.QNS ection
f eat ures reqU|r%% re. ge gég Fgghﬂegsgﬁfggce réstﬁg Sﬁﬁpgﬂaéyedatum,
envi si oned as thetCEGMA amatenaﬁorcesntwbepounsBecbﬁoncgagact betseeni N

this option thetwépecaaeamgagsnavde'tﬁeSfS maBlifiglopdrtq deter MeAg B8eun

i nspection p defi fiing
i nspecti on g%ttheFﬁéceréF 6FeopéﬁéﬁéﬁrﬁlcﬁétPNQ p&he CIGMA system

forces one "point 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 appea;_in. the féaturé control block.
20 They appear in the right-hand end of the feature
| control bloék as seen in the'gage charts of Figures
13a through 13c. - A\
If the datum referenced in the feature
control block is a' datum feature of siie,.such as a
25 hole or a boss, then the gages'of Figu:es '138' and 13C \/
apply. 1If the material conditioﬁ referenced 1is at
maximum mater1a1 condxtzon (MMC or M ) as seen in
Figure 138, then if the datum is the primary datum,
- thg CIGMA system forces the axis of the mating part to
© 30 be parallel to the axis of ‘this datum in three
- dimensidhs. If the datum is the secondary datum, then.
the CIGMA system forces the mating part feature to
fall wzthxn this datum if the datum 'is a hole or to
totally surround the datum if the 'da;um is a boss.
35 similarly, if the daﬁum is a tertiary datum then the



feature to be I nspect ed. The  software, havi ng know edge of

t he cluster configuration, then 5 designates the appropriate probe
tip 22a in ‘the cluster 22 to be wused~ for .inspection of that
part feature and creates the inspection patHﬂMtr1reference to the CAD
nDdehbdcontalned in the conputer. At this point five physical part
features may be seteuhedsp;téﬁ t Berceser :hen hheingerpadeti sahkg-a0dg @L;)

i nspection path d t hreaded features, bores, bosses
pl anar surfaces aﬁgkgé ggi?hedaFngeCtloﬁ ®pafAtUftay 15hed nBALRIredOri ntoa

nunber of ways. Thetaéév gugronddcahe theupoifi oheofiatbmt he RARhcbashe

nodi fi ed on the CRT screen d epter new coordi nates for any
such path point through thé&gégbgg%ﬁéékoarg@ Al t8Fnat "#&Fy 222 neRPPORRECHr
coordi nate may Berafigsancadt hési napecfregapdiesby pfsfeacnregsthe ¢rEsobron

the CRT face at the [ n n t.hrou a
keyboard electlong g%dggghogglﬁgu?gnsp t%géhpggh Bé?ntgeﬁ§§gﬁgedepé583
by designating.théSpothe tBrbBaggl datumpythheCTGMAosYShemhécEREsl ahe awrds

el ecting deletlonogtthgemggyggaégtt hhbgbfbsg%iggécgadthglnglgeEsgad%hls

the 25 inspection E egard i 'stance’
contact between adpF8Be 28a ahaea péimeﬂ§09n$es épﬁroprﬁaeetpostheomangan

t he probe at ay @ogbaeh:glggamcg E1afingt B S i o i nt 0 S
t he ' approach di stance". After fﬁggectlgﬁ t@gh%EOESQ% a836g9§ mnthgggeé

through * what i¥OL88k| eihe, MaEifgacfearyEances. BbmﬁléFeﬁhéyeadtgpsneds

nay be al tered byPSQIeataanaxxan cbhe:ebsxbaargpriﬁg tbﬁ&%hy SEV tth
Qtfctlon pat h man aIIy spection I ne

n
GVA sof t war B2 éﬂ?ergea£h5e|n§ﬁeﬁﬁkﬁn BaFHaSFlSﬁ?ﬁ??&nltsepﬁoéégsth?he
Iocatlon of the pdatums wrhbsnmagr bai sebauids FéghkedlBewhaelai Ng ¥R

Some apprOX|na&§ pin 48 is shown constructed on the gage depictions
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 contrasted with -the boss 49 shown
on the gages of Figure 13B where the MMC symbol M is

20 used. _ _
Remaining with Figure 13C wherein the RFS or
U S call-out is wused, if the datum to which the
material condition applies is the secondary datunm,
then the CIGMA system forces the mating part feature
U 25 to fall within the datum if the datum is a hole or to
totally surround the datum -is a boss.  As explained
- for the primary datum in this case hereinbefore, this
prevents the mating feature on the gage (Fig. 13C)
from translating within the datum, in this case datum
30 D on part 41 of Figure 12. In 1like fashion, if the
datum to which regardless of feature size condition
applies is the tertiary datum, then the CIGMA system
forces the mating part feature to  fall within the
datum if the datum is a hole or . to' totally surround
35 the datum if the datum is a boss} As with the primary



predetermned orientation of the part is required within the
machi ne envelope as depicted on the CRT 5 screen so that the part
i's in an ori entation approxi mat el y~Xknown. The probe cluster is
noved to touch the part on certain easily reached known features
of the part while the part I's in such an orientation. Exampl es of guth

feature conbi ga4 I(ggﬁane ancmégiﬁu)r(nﬂéueoréentﬂatgn hgenthghegttqq-are

any three planes, d two es, a plane and g i nder Wit a
&

known axis. a%ﬁ#%ﬁﬁ%twéh 3 e HATHUHAGUR hRE BV RBRFAL n”ﬁﬁé@ésﬁaﬂér t he

i nspection. pat bga @u£d) Iéwédd'm PIPCEPSon O ch@e §agh8 Chigst efgugelS 1@t er ed.
It may be inmagined that, the probe cluster itSelf is constructed with

certain tol erancd® oW IMRIAIAE TEEQ&?ohthQ?FEmperB“tFﬁ§ Paztr dllapifve to
the cluster gody%gga f&ciﬂlgﬁggléyaﬁglefact is located on the inspection

machi ne bed éE?SIO - t he 20 Eallbratlon artlfact are known
preci sely. The probe cl at %W%ugﬁteové? fEepREdar i ac® by ECREUFRChi ne

and each proe@natw bBociby oughé Iﬂéﬂegeﬂhgct ruilel idan dd iafppatiedtih
know edge of the dinensians of the c LaLLo rtifa hegnd t he 5
measur enent s a8 SRHEERE bYf %595?1%"%?@'1“@? g??b? grg i 48RS % d PaET
conpensation vaites aeepscbretbftinesﬁbaer.]neat bepphi canitamoliledict (A the
100 11 nowBeBhiRrTaaeriF 1" p1adl, | EReBORE Pendhe bed ik arlebdy 9 ©
sequéential |y thdoskepapperrs aas ﬂeuerpdsztmnn.adnqmah&ﬂx: .J&b MYrixyr to
of'a bertarn kihaPerdabunch 12 ¢ piahll, PHBRCRRYSLRITYHRY WRALTR 'Y
For - exanpl e, cantrfAisnnbhe 3§rhﬁn§ahéanlyoéon¢haI(ﬂ?ﬂﬁﬂglrgfﬁﬁxﬂn##EMay
be attached. tré\IT/-t@shsomnelhesmattugtrghk\ee fhist Oake@ntdled@Ngupe
ut|||zed I n_the systent The, ATTACH comran
15 the” three hxgh 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 i~
the XT and YT directions and may rotate about thve
-2TX. It may also be seen.that for a feature control
block call-out of ‘true position, diameter .060 datum _
25 A, where A is a plane, the mating part or gage of ‘.
- Figure 13A,e,a ‘applies which allows translation of the
- mating part relative to the pa:ﬁ' 41 of PFigure 12 in
" “the XT and YT directions and rotation about the ZIT
-aéc=ss;_ ﬁathematically the datum A reduces the amount
30 of° allowable moticn from a totally uncontrolled motion
' (three directions of plus and minus translation . and
~three directions of plus and minus rotation) to three
degrees of freedom, translatzon along XI and YT angd
roca:xon about 2T.

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



I's used to connect the CIGVA system to the specified CMM or DNC
machi ne. Wen the ATTACH connand Is 5 encountered in the JOB file,
t;he specified machine is first "connected [ to.the CIGVA system
The device nane used in the conputer allocation procedure nmust be defi ned
by the logical nanme "CIG MACHINE'. This is done externally to the

job. ¥ For  exanBygpolsther10 LG N GOM r&medur@aafi & g RO
the foll ow ng connand ASSI GN TXQ%} CIG MACHI N Sone er at or
instructions are 9gfGet*%r tHe THPaY ?ﬁfaﬁﬂﬁqﬁﬁ$ e R®RS ?ﬂ 1 on ke

i nstructions ar eprinachi datun tx;,qoeaujepﬂmllen(t M Wenthd hefeaempestesheroi

actions are conple ] cution continues. If the
machi ne cannot Efg%ﬁcﬁeésTLﬂq&Q“% at Eﬂ%éb t hen the job execution

term nates. The fol |l owi ng |IIustrates jOb control |anguage used in

conjunction w't t he ATﬁﬁCH CQfﬂmﬂﬁb- _ FORMAT: ATTACH
(machi ne type] PARAMETERS: [ machi ne” type] The machi ne type specified

in the ATTACH command may be one of the following: o CI'NCINNATI - for

- cinci nnat i mlicggn évcfo?ﬁeaomqr the hdBENif€s Osnddd 9 ey DEN GWM
machi ne o AUTOVATI X for t he OVATI X | aser robot. CMM o SI MULATE or
testing and debuB§FnEeIbBs. P"W‘ﬁe‘-"sﬁlrﬂﬂ R HERLF kL §r RptentaEiemt 200 Bee

simul ate measurednaggaé Lsa)H ecil HHOMp#r tre£D| Nethe adi6 Sof tise maSeig¢!

for quality testing the_s est JOBS. The
machine  echos gﬁ& P‘Efe‘??‘ie”'{" #E%sﬁﬁ'eﬁgﬁ &?ﬁla’F’cﬁ °€er5?§/| ngatum
t hat a job l0whble Dun c@imickad y whethe ppin 4% omdeheogagetd§. Fdgure

MAREB|CH for the Vf$£%1§§1£§E¥g¥%éﬁg%gr§§'parallel to the axis of -the
datum hole D, Once the datum and the mating éart (or
the gage) are oriented correctly,  the mnating 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 2T axis as seen in Figure 13B,f,a,

5-j . - 20 for example. R However, the mating part 1is always held
within the datum for datum holes (D) or is always held
surrounding the datum for - datum bosses (E).

- Mathematically datum D reduces the amount of allowable
- motion from six degrees of freedom, affdrding no
25 controel . at all, to three degrees of freedom,
~ Additionally, a datum hole or boss’ imits the amount
of XT and YT translation by the amount of the
deviation between the datum feature and the mating
part feature. |

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

Where D is. a hole or boss. In the examples set forth
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Thi s may
- change or

post processoryereilt) Sdaamuz:n |1%er l!ﬁﬁ.é)n dNC/{dd4 1514

machi nes

QUALI FI ERS: / TOOL NUMBER=nnnn / TOOLNUMBER specifies the tool
nunber to be sel ected during the ATTACH. bﬂ—supplled t he requested tool
| oaded into the SPINDLE 10 when tHe .machine is first attached.
t ool .
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I f the CAD nodel NC tool path does not specify a TOOL to
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Thi s

! angu%sla% BRATE auSowé@edas 0 WERSUT €nd h%&etxﬂ@éxﬁﬁeg‘? ;I&y of

cluster ror to use. sysiem requlres

probe taps 2233’%3389? L8 Apssrridied « he@h‘affe‘-%s’édl‘%%t%"a%rel% phgyre
5 the exachg pIope,agedidi¢dn iroddwidn abbdbe glesi gprofakie om

cl uster

|

bes
in t a I f testing.is, desired E%
o obe ay " be SLLATIT R, Anisy, (S Hep Slardde SRR LELRESRY a1 FEleND
If a pnevamecs, calmdtiEnaricslly o beducsed, thée amdaheatiopn
allowable motion . between the part 41 and its mating

| ~part from an uncontrolled six degrees of freedonm

system

15 condition to a single degree of freedom condition 2TR.

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 at:ay'of 7 holes indicated at.
20 56. As seen in Figure 14 the datum B is a lip or boss
on the part 54. Referring to the box call-out, it may
be seen that datum B is not modified by either .,

maximum material condition ‘M or a regardless

of

feature size S 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 datum. The same would hold if B was a datum

hole. The box must therefore appear as

60 00 M- . D B S -F . The system
30 recognizes the error, indicates it on the system
display and prompts the user to correct the tolerance

call-out to appear in the aforementioned proper form

With reference to Figure 15, an .ANSI standard
call-out is shown for two threaded holes 57 in the
35 part 54 wherein the hole diameters are toleranced at

o/

L]



10 resul ts may be read in from a data file. The calibration
table is defined as the vector from the cluster reference point to
t:he center of the ball tip contained on eac pr obe. The follow ng
illustrates job control [|anguage used in- éonjunction with the 15
CALI BRATE command. FORNAT: CALI BRATE processnunber

CALI| BRATE/ DESI GN GAhk BRAFE/ Fhif':::(.feiﬂ enage 6 AL RRATE mscess suider: 20 noe
PARAVETERS In tgbér,;ggg% of . fhe. CALIBRATE command, fhe process nunber
to use is given as a RYOT TH & £ o1 | & TRARPIHEN F acttl \Rignance
calibration is to seapeatds pedihe Ndteldshaird ehnesded arfd Ldhe DESI €N Poout

d h :
ATt erant ' form Ao4lECEehd: 00 n QAL O oot Mifane che

FILE=[file namf]thrgaé ceoots atifor 30 conformanceesul tBhisireissteledrlyn
the file specifi ?ﬂgrﬁ@’fc%i' ©e, erqﬁh gifady in méﬁﬂen&)’t thea O QA se

system to calibrat probe ra an using nine ti to ©
cal i brate the prob8tapdpsdnPERRIh®algengnaled. %emmow@mmxll

used to control nhewebdgnizoneshan e x&@@e:ﬁ%m Séibfl-pé@é)e 211 bréﬁﬂ(-

may be. Each tip |oca & gn relative to the ocation is che
to see if it is withinleeqe kﬁ00?¢9233?PQﬁlt%QﬂianﬂﬁgﬁheIﬁk%ﬁqcﬁﬁ5t3m¢!

the error exrfedﬁ whithwxlyaéM@age ghe tﬂié%dﬁ 5%%%‘”@§§E@hnaéﬁfre£%f@
an error. t he ualifier is not” specifie
if the value spetfP gﬁyfs 3. dwaquﬂﬁ ckEhg Whﬂ%é%ﬁﬁﬁ#@??e%?ae

val ue] . The  MAKRNDE®Rgenerated at 'regardless of featu:e size® and
\_/ prompts the user to substitute S for M at the hole

' diameter true position tolerance.
15 ' The gages of Figures 13A - C are shown on the

sys:em dxsplay with an XYZ coordinate system and only
depict the controllea features on the part they are
~constructed to mathematically inspect. That is why
‘the relatively simple call-out which references only

20 datum A for the part 41 of Figure 12 causes the CIGMA
system to construct a relativeiy simple gage as seen

.k;) i in Figure 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 13a,h,d uses as datums the plane A, the hole D and the

- boss E of the part 41 in Figure 12. Therefore, the
holes 47 appear tdgethe: with the tapered pin 48
(beéause-the datum D is modified by t:~ RFS symbol S

_ ), and a tapered hole 51 (because the datum boss E is
30 also modified by the RFS symbol). The gage for
'~ feature control call-outs for primary, secondary and
tertxary planes A, B and C is shown in Fxgure 1347,£,b,
wherein flanges 52 and 53 are provided on the gagé for
forced contact with datums C and B respectively. A

35 cébréinatg system is also. displayed with each of the



value is wused to control -how far off  of design the radius of the

ball tip may be from 15 t he deS|gn val ue. If this value

is not specified, then no checks are n&dg_ / MAX VARI ATION. This is used to-
control what the maxi mum devi ation of conputed probe tips can . be. The
calibration process generates 20 five points around a spherg 10

(Figure 1) to calibra each I p. Thi, s esults ve conputed
di aneters foﬂageéaEﬁ'%gﬁﬂéﬁﬁ l?#p.'Thgseqbﬁpgéglaﬁe Ebsrabbﬁee PKeSt he
devi ati on fromatlbagavehdgh feoraasyapiohe ang eabeadswBich rotationVAXy

nunber] it TOEC Fads  Eh™ REEEaRREL] uiPnClEfha RERSRO qeqreglll bl
spi ndl e befofeeenhm (@EDleaerohObebéassngs executed. 30

CALI| BRATE/ DESI GN. - There : g ' t he ara r ual.i.fi ers
used with th?s form gf FESE?tREfEQATE 2 co%ﬁg d. ?EEQ?EPSQ ggnnghg
specifies thdnspectdon d@odyde 087 tRf PREBEECLUSTERWIl] t@owbe b&sed

to callbrateunchQagbusterT QALERBQI EbhE—bEQEQ o n@qah 15
f he

'no other paraneters or quali P Eer s bs of moor
command. This @bﬁ#&hét§5@@|ﬂPe§hFh&PmPH§eéaPFbrBFFGA"P§596ebedﬁé&§1P@ from

a cali bratlon f:.'n' econl‘i@liléuohhewﬂtabehaodescz1puoﬁl UFt €heNYARel Mo@Ulledi Ned
in the tion fi d _nus e proﬁe gluster that is to be

used in the h %atl@ht@Fthgqﬁﬁgﬁﬁﬁéngu%ﬁﬁgpfﬁéep 35dom o fop i &R hat
fol I ow. RELATEBQOPEBATHGHSectEG 1s also FlesideRtENR thed combGREET, qmerands

rely on the C'“JH%LéE? H%r%bhgg of 't%Q '§§P€CTQ% SQQ %%T that it may i;’
: generate a convenient 'xnspectzon path. The sensor
configuration (probe array) will depend on the shape
15 of the part. The cluster- ZZHOE'Figure'S uses standard
hardware obtained ' from Renxshaw COrporatxon. One type
of probe 22a is a shank with a ruby tip. The sensor
is pressure sensitive and is moved from pblnt to point
about the part being 1nspected on the robot ram.
20 - The CIGMA software now goes into an
inspection path definition. There ' exists two .optzone
" for the definition of the inspection path. 1In thq/
first option, the previously defined critical and
major- features on the pa:t to- be inspected as N
25 represented by the stored inspection gage are used.
The inspection -gage, as hereinbefore described, uses
the GD and T call-outs from the 'paré drawing as they
exist in the cCap presentatidn"'of':éhe, part in the
computer. The software picks an appropriate tip in
30 the cluster 22 (Figure §5) and creates a logical path
~ in three dimensions for inspection of _#he features
required. ~ The required features are ‘those which are
envisioned as critical and majdt in .the inspection
' gage. | Thus, in this opt1on the inspectzon gage models
35 are used to determine the inspection path.



IS attenmpted with an wuncalibrated probe, an error nessage is given and
the CIGVA systemterm nates. If an | NSPES or ORIENT uses a 20 o
different CLUSTER than the CLUSTER that wa> calibrated previously, then
an error. message is generated, and the €l GVA system term nates. EXAVPLE:
CAL| BRATE/ DESI GN 25 - CALI BRATE/ FI LE- STAR CLUSTER. CAL

CALI BRATE/ OUTPUT=START n Q.U&TEI%%LE/M)QBJD JERRES001 QUKL Fold owide

execution of the ,calibrate. conmma in él control, " a oI nt Js
found on the CAD h%ﬂ%?cfmc’%to?%ﬂ" i n"rech Sefomfik APCLARPE BAGKHI e RIRS
cur sor crosshal rs featatée y oo the deSigpetgmadnt orrHee @‘&Itdam,del havn‘hc

cor ner use nt nanu de5|gnat|on ecqyse
easi er to aI | gn th%ﬁj%ujr'%aéré accu?{dt ely h% her d‘}‘Fte THER %a ﬁ’é})‘l ct |U}Fn

- of the orientalidesigfatese t"pear tanﬁm'n/due:h pndne jilp cdta ol in the

sequence is bein r d S h o] ~dhere

orientation proc luQQQP Z% | b%é:l }:’@T'an‘}(,:g(.)éncj1 unrkc 95 ont %r% ‘{}ﬁ Oaﬁ n@{)%%té%ﬁt

modul e is run. Tﬁeaburenmammqﬁme@se nenspegtidrorpatd t evitht e refamence

The job may relatecgo hlemglg ]Feagaq{@x 3 4 P Oéoxﬂéhéﬁz | nspecil Ny
possi es

machi ned features erformelther
functions fromt heP‘Ph’PFl éﬂ'? Ei’éﬁh‘-'eﬁjl RALTEE 22 MR THY Y | rP%oniﬁl}Q%ft%ce%Y

it may be desigaphe t@sérachmecmvwéaat@s@ﬁnwiéqwdeIM@@@MLM path
i nspection of the n

datums. In thisd ?§§%+g§g£1Bgftgﬁg;%%§§?44%§15$§3t“‘€%?{tqut%?egg 328t ep
and i nspect edpbanrprbyustepes vand edgégwence to the .datuns contalned in
LS gaD model | and Lhe ) DRRECL L Mhe GRHSE DEEF WA O"S0 RSELEEG 2 &
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 Kkeyboard. Alternatively, a
new point or.cootdinate may be added in the inspection
path by positioning the curscor on the CRT face at the
20 new point and entering - it through a keyboard
_ election, Additionally, inspection path points may be
{;2__ | deleted by designating the point to be deleted by the
cursor on the CRT face and electing deletion at the
keyboard. Modification may also be made to the
25 inspection path with regard to - "approach distance®,
Every contact between a probe 22a and a part involves
appropriate positioning of the probe at a nominal
distance from the inspection po:at known as the
'épproach distance®", After inspéction the probe 22a
50 is withdrawn .through = what is -called a ‘“retract
distance", Both of these distances may be altered by
selection at the keyboard to thereby modify the
inspection path manually. |
" Mow that the inspection path is ~defined, the
35. C:GMA' software enters . the inspection éath orientation



wi se meke - inspect manner or for the entire manufactured part
all at once, or any conbination thereof, job control now turns to

anal ysis of the inspection results. AnaIyS|& proceeds for simulation 25°
in the fashion to be described herelnaf'%r for the analysis nodul e

38. Subsequent to the analysis stepin the job control defini¢&bn

a command is g V:é‘ré@egy achyd hﬁ%@{%ﬁuﬁ)? %Oe% aypte 'SWE%{‘ ggt%bn

O her functions e sprlnkled t g ener.a
control ' sequencePQiPedh nedlbed %ﬂﬁre%F%&#W%gﬁn%QQOP%pecﬁﬂme aPBboxlmate

Certain displ aySpﬂ@de@@:rﬁ’i@é’d de&:{mtmfl&f PUEp@SEeSagler i pg th?eaumag
of a job. Cperator nessag rOV|ded which are specific to

job. ~ When all *bfithe S o%é@kﬁ ¢nvel %E%np@?sh@ﬂplFﬁEPud?ﬁgthPhﬁpm

other  or spestpéen fsmcttm éx@é pa:@artwul ain | O&n tbaientaémn
control is sinmulated b

xec uence
that it may be O%E%F9§Hm$§er %V%tor q% ?%stcg%ﬁEFéteﬂstﬂevﬁébt°
control - sequencetouchethé tpsrbpemmio¢et6asmilSéasﬁIthOuehcbbdervahbeﬁ

f th b [ f |1 1p. b h
operator at wiil EPRCERERLcoaTine, BIFE (R i3 Er 880 BREE Ths He B ehe.
i dentification oforhentatiened nExamples0 @fovsmhh fedburet i combinatlens
O QU sof t war ey i mi&e@»@.{ﬂl zwfsaéoe PeRdLigh! e;aé'guei‘s%%ﬁe;bgspssg' day

devi ces avai l rat or en se
cal i bration proce%%f?g eﬁléﬁéﬂvfoﬁ thka%¢us%%¢ pt¥®esholes, ahélénﬁbéﬂdré

described.  The cdeshgaat edyifhpoi gt f@ﬁo@ﬁlens:?ison SELEHEat@ﬁht ARl
it has been ap prorina tely oriented ,in accordance

depi ction of the P% °Y+%§h€§e Bﬁle?ﬁétiiﬁﬂ'PSQ?%ﬁﬁ a8 tﬁBeopéﬂﬁPGFtéaés
to that corresponﬁaﬂu poant cabibhatpent process! yeon the bbebepEQb%ter Rgn

orientation 155 20n¢0tg5%9 PRInbYeHé %aéfﬁé&’arﬁnaé‘keéncom t3be P21lselO™
itself is constructed with certain tolerances on the
actual location of the probe tips 22a 'relative to the
cluster body 22. A calibration artifact is located on
the inspection machine bed. The dimensions of the
20 calibration artifact are known precisely. The probe
cluster is brought over to the artifact by the macbine
and each probe ¢tip is brought into contact withwhe
artifact., With knowledge of the dimensions of the
calibration artifact and the measurements as sensed by
25 the cluster, errors are identified and compensatzom\y
values . are stored for subsequent application to actual
inspection results.
Description of the job control module 39 seen
in Figure 10 will now be undertaken. The job control
30 portion of CIGMA defines sequentially the steps which
~are desired for a specific job prior to any Jjob
execution. First the CIGMA system is informed of the
identity of a certain kind of a machine which will be
attached to the system. For example, a Cincinnati
35 numerically controlled milling machine may be attached.



t he operat or. The predetermned part features as designated by

t he j ob control are thereafter manufactured on the part if that is
i ncluded in this job-. cont rol and/or g he i nspection of t hose
25 manufactured features ensues. The results of t he i nspection

are taken into the conputer data, and analysis, to be hereinafter
described, is run by therahad VSdmnad® . e 50 J
end of the job control 'sequ‘glr‘lc-_e1 T hcecd_ coém‘raﬁ':# ?'oll etta%'hu\{:%gdg najc#nec@g ‘lgs?
entered and the prbRREYATY (WrhkP RS f . 1ATh&Rthal SR EeModThe I HCHi qanrand
to which referenceis ¥8&d tdBsnnederiefaMse sydddm ¥WWehe P&specified
descri bed. T™W Mfunctlongw are . . perforped 'q¥ the analysis nmodul e,
gage anal ysis and C%¥atiQti cNC P 35 B oIt sSASTACH N FYRRANE 1S
Tﬂese anal-yégﬁ éﬁ’ﬁ’a’mllﬂi)egred p:ﬂ/&m%mo%mﬂmﬂmd m}qysﬂciﬁﬁémh raiedyingy is
the system ge .analysis- wll e esgribed wherein the query i1s "Js
this part alrightBEESt” Theonneesed™ kg | 2GR REF YRR ed ~Q%L°?%bFe
job control routineame Tireedairestive eccmpnl tosre c v ¢ dei grar pro@sduronstusict egle

ouges through. 1 hedekFBRaops ™ he; oo figt CRaR T CBLS whGhrit, (BB s

part. If the gdgme fexternahbpectdortheis iapl et eFor | fexample gagethe
does not Til. 1angbdpiscohs gRocddierdakeie dfdne rEkin CROIPLLIbWing
| f it is determned, as hereinbefore " described that rewdrk 1s

possible, the nafP@Randh ARFEEN STXG3: revOF& _MAGHINS. und8PP@kepPerator

comuni cated to {hetr@Eeighsr - ardf §ivemager dogse Neimefithe mRTTAEHOr ks
is  possible and th??15 nmachi ne i s def ached and t hat gob S SQ t down.

. U
Wth regard to BRRFPEPREal - PRP3Rss IRIFEVOFIGRS) ysRE® (Rachipery ty¥ge
"Is the nachine gependdktng pWliés ttice wayedlieyre@r ectpane are complepeds

each i napoct ed f2afhPl oRn8acioBar tFETkERf FRREERReST T3B! EhE° Alchthe
' _ cannot be  successfully attached, then the job
execution terminates. The following 1illustrates job
contzol language used in conjunction with the ATTACH'

commang, '

. 20 . FORMAT: ~ ATTACH [machine type]
\/ | PARAMETERS: [machine typel

The machine é}pe specified in the ATTACH

L o -command may be one of the following:
| © CINCINNATI for cincinnati milicron 5VC
25 ~ machines o

O DEA for the DEA CMM machir:
O AUTOMATIX for the AUTOMATIX laser robot CMM
O SIMULATE for testing and debugging JOBS.
. The simulate machine prompts for data to
simulate measured data collected from a
machine. This is . useful for quality
testing the software. ,
- O ECHO for testing JOBS. The ECHO machine

30



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 wused; as a reference for t he
“same 25 features 'inspected on parts thSreafter. A nornal P
distribution, within which plus or mnus three sigma is acceptable,

(99.7% of the population herebé,deflged Wi thin the defined part
r

) LS
tol erances.  \Wen one in§598§edEaF§at e PEESES H MEAIE MR uLHEY nus
three 30 sigma range. (3 ogorof vErQ@Qingan that ofa cojdb ol wifllag cafes

up for: that process. This o rs,even though the art Lstill  be
W thin t he part . feat &Pé%tegﬁgg'aﬁggg ap Légi’?ﬁ/é'katqega‘iqrcfnenéaqy]s{'

i mredi ately entered. PoSsi MA&DRICEeSoaf thiee WALDRIQHK QOBURG mActiiteed he pl us
35 or mnus three sigma range nmay be .due to a nunber of causes.

These causes include a new operator, a |loose fixture, bad/ wong
materials, a5 worn ouQUASJIFIERSG. Sonething is changed to correct the

out of - control conditi -'n-Ng%yﬁﬁg-Ei e parts are nade by the process 5
thereafter and if anyqu? 00 ,n t%E i@frocess is considered to be
back in control and is d@ﬁﬁﬁmugiﬂ33ﬁf smecifiesprthe gro0k umbey &0 bgyart s

are bad, the investigaldc®ad Auzqng TR0 AT AN poit AfpEDidd Pl prOcess
indication is 10 made, the oper.aa;or can r.ecal] {‘fFrE depi ction of the
historical data. He may Fe9YesHRdy LaPLlh4s WA hobREO hothe ¢ HER INDRE i ¢
manufacturedio feature whesy aphear maghine ieeSidstofattechedpecthde mapcess
or he may call up what is ca a X-Bar_,Chart which is.a,15 depiction  of
the mean of the inspect ?féﬁ?@anﬂ es.thﬁté‘_{%at#%ﬁy,ﬁ%\ﬁ %? art‘noﬁau
be called up - which depit@&in a hé&aol r mhpngefor i ifpethei ORD podel sNCT or
that feature "in that. . g y t | i [ - ihe r IS
better equi pped to desi g‘{]dgle poant\éy o#’%%]gi%. spé)%ﬁ% ,'gggtr‘c%ag hgl?gi raf%g%gre
nmentioned for the out 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

type command can be used. - If it is not" usgaﬁ
20 then a system related error will \.¢

reported. The DISCONNECT command may be used

to free the device for use by another process.

EXAMPLE:
ATTACH/TOOL=9999 SIMULATE

25 - This information with regard to ‘the machine
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, - a S

30 " CALIBRATE is also illustrative of the system

H

L



of control condition. Thus, an intelligent neans is provided for
meki ng the aforementioned change to the process prior to running the five
part sanple to determne if the process is backr n.control. 25

The tolerance nodule 40 of Figure 10 will now'be described. The tol erance
- modulie sis witten in the CIGNA system for use by design engi neers as

opposEd to quality contro process  engi VO, separate functions
are perforned by the ?ol%?%'h'c%l notftt & $5re 3(5{}&1 BSTA‘-UE'-T v cHESSE (1 1qARuTe

conpl ex function. etachwsllgzqnetmanfrenogmonii ¢hedtett 23S prior to
difficult for the i gn | nd g4
S’?é '?ﬁ'g hdreesq\% ¢d\0 rf?até %Pm%foé’m {‘%s u.'iZa ce

t ol eranci ng-on the parf feature guar antee ass
interference for anyahmuaw@noeiﬁretmﬁanmsmrm medskie athparteci tEf

part tol erances. n e eedadlasi gns r S
whi | e anot her engi Selteg dee’é?ggs an {]oleéerances’nt hfgéq?rnal%%ﬁ a%}?f twe%&é{%f@/i
system takes in datBedeBEEPHt | GEISFEeRackn ofthew -’nhﬂ?@ ph$tse¥i)@ﬁat he?Z wi 1 f

the tolerancing 5 E‘EEQiﬁ'J?an défired Neher\\NWSp ARy BEd cd VS L &Rt 8o
assenbly of the parts if _The worst case tolerances for part assenbly exist

at each part. The CFERn S§3E8M af 3bUe S hetIRE31PRS neln ‘b"h% CHP sY$eeMnutThgd
parts is describegreWiblls tdbibrati®etis Goarnse Tused renshén eallidfation

I d he _GD. and d
the. mating parkd EPASERE 1BRH orPThet SRR | i pat 128 by SBER | EbATI (i cBhe

with regard to (&;lpbrenioaltabhaies|¢éf1nednea$eremee vecand £X@y the
datum definition st e a S r

the first functlonbﬂﬁggékh ?Q?éfg?%%ceﬁgﬁﬁguléec %%kééﬁf égngge HQ?P {ir
whi have al ready bearasaefednoutadly tP@D@%5|gﬁT@mglﬁ@bl°%¥n@ngihb@$§t§h€5

indi'cates to the Sygbgm USRErbL tbﬁﬁéuégepoﬁﬂ?é' ainna&sﬁaahcmaﬁrf@i@ﬂcecpé
if there is inconsiStency in the datim 20 call-outs whic | ow an
ot herwi se correctPyCALIBRATE command.

FORMAT: CALIBRATE processnumber
CALIBRATE/DESIGN

CALIBRATE/FILE={filename]
e : S CALIBRATE process_number
&v/ 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

\;f ’ S : actual CLUSTER . calibration is to be
- performed. Note that the use of FILE, DESIGN
25 . ‘and any other qualifier is not allowed (i.e.,

there are three different forms of the
. calibrate command.)

QUALIFIERS:.

/OUTPUT___ FILE= [lee ___name] The calibration
30 results are stored in the file specified.

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



tol eranced mating part to achieve a "within tolerances but "no fit
condition. The second function of the tolerance nodule 40 in Figure 10
is performance of fixed and floating 25-# tener analysis. A high

per cent age of tol erances on nechani cal dramnngs are there to show t he

| ocation of features which function to hold parts together wth
f ast eners. It should be noted that a fixed fastener is represented“ﬁy
a threaded bolt which M3gbiase timeosghcasdibragkeshen@sobenie in one part

and engages a threaded hole .in a nmating part. A floating fast ener |
Is represented by a bolt whi_ch pass&s thyomgh a cl earance hole in one
part and a correspondi A g AXTIRERREATRBLVARUE FBei nPAXFIRERR a¥@luser ves.

to fasten the two partas35uEe@ether BynEEalS  Rbwa f@%tfrdﬁﬂaeévgﬂnﬂﬁé
applied to t he thr

gf th%tfast ner onﬁ%he o%f03|te si de “of e
mating part. Thi s ?ee &3¢ht oPEP ﬁce"al Jart&d umay or?es-ervé'éqho
create the tl erance valiges lbealtdoaal teﬂiaeubebytbhehﬁeﬁﬁlg@mdﬁ%&o@ﬁ the

drawi ngs’ for 5the part .an h cedur undert aken
by the user -in perf&% %ﬁ cﬁp@?& S %e E ?éngaﬁg rfﬁ EFF
function - of the toléﬁancef nﬁheleaesmgnlvéscamubmalIyzahowmeu;:ﬁhr

fastener to be use ast S hea10 d rib havi n st andard
body dianeters and @xcgeg?ZeSQ?QE vglﬁe1’or %§%hnp%%F“ﬂMN(: & i be
def i ned bearlng ar eas G#tﬂﬁ@aﬁﬁﬁeryﬂﬁé ofNt herort. hddfd theuMAXTIR ERR

descri pti ong nmay be oghglmqqerf rlgnhoqegga_.@ﬁql denglon:eerlpg thd @ % The
- user then designates .the paositions on a wher e t he sel ecat cf

fasteners are to be &gﬁﬁlf%eﬂhﬂ§ 0i-9., 4588 nﬁycﬁﬁﬁﬁrkfaﬂﬁﬁﬁsor at a '\;J
fasteni ng point on a displayed deplctlon of the. part and entering the _

i nformati on through th9%§3%33%@§3l ere’n efg d cribed. for _other
functions of the 20 &Pt —H{8 S &lesiRRAR_(BRR

dat uns on value used to cont:ol~~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.

/MAX_VARIATION. This is used to control what
the maximum deviation of computed probe tips
can be. = The calibration process generatei./
- 20 . five points arcund a sphere-10 (Figure 1) to
- calibrate each tip. _ This results in five )
computed diameters " for each sphere tip. O/
‘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 1is 1loaded
intoe the spindle before the calibration
process is executed.

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



the di splayed part which are to be utilized in locating the
features on the part, such as holes, where the fasteners will be placed and
anters the datuns into the system The Cl system now conput es 25 the
optinum si ze of the holes for the fastener ahd the true position of the

hol es. on the mating part while the system sinultaneously investigates the
CAD nBdel s of the part and the mating part stored therein. Upper and | ower
optimumhole sizes for tdfe 4hd eCALIBRARE h 3fbrpeardd. arerh 1 Conput@thand

such that all the bearl ng %géiaﬁeeé)f a}:g&ste@ bolée%e |§f| n, cont:?é:é%y

wth the surface - art throug ext ehds*

be recognized that it | s de@qﬁqfnéﬂ aligo ttche ttﬂasmgﬁiobf the ocakimrtateif the
holes in a part receiving.gyd@stener are 35 so large as to extend
outside the dinmensions of the hol di ng portion of the fastener (the
bolt head). The CIGVA. .. system . also, takes I nto consi deration

the characterissics of t¢§17§g§§g}g{ﬂg§ﬂf¥%§t()ﬂgﬁgﬁ(&tfmkﬁﬁ?; fL&ad urgy

For exanple, a drill 5 as wears out w | ke a lar and

nechani cal engi neering teﬂﬁ%% ARARRF L OF ($iA this
nmagni tude of such enl ar gemefdrm A 6 S%heli mmnmnléomncforﬂ:w%xﬁnand

will never create a hole over..0.6 te even, mhen t he drlH
bit reaches.- a dull 10. co'?&ﬁ"lf:’r% za’ﬁ(*eatr%é\% %Vs't’e‘?ﬁ 1% novf ngb t e
facts, uses themto tolerannm tfmnmmna calhibtdriomt filDe parKOTBy vy pobbe

exanple "OF" the--hole erat thes C S
fI oating fast enéﬁ r ef erence 'S mada'q“?{| 'Ié— & ure % whe? ei %i\@‘ g%%ﬁu%w‘

15 shown having four cfbb@ancendolmest SmQMetmammbelnmmsr that
exa l'e a bolt having a 0.508 bodye didetH tl?é‘do%é’rgtx?ézq o@eaﬁihes'rﬁﬁﬁhiﬁe

chosen by the design engineer to fasten part 57 to a nating
also having four clearance¥EiRg cshe cinspect m RRHations thﬁé fablew. 58
20 never exceed 0.625 the bearing surface of the bolt

' _ 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
}-L.'f 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 -
25 CALIBRATE/FILE=STAR_CLUSTER.C:a

 CALIBRATE/OUTPUT=START_ . CLUSTER.CAL/MAXTI?
. ERR=.0001 901 | |

| Following execution of the calibrate command

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

30 stored. in the computer by aligning. the cursor
crossnairs manually on the desired point on the CAD



head w Il cover the holes 58. A 0.593 drill, incapable of
drilling. a hole larger than 0.625 as;.4fentioned hereinbefore, is
sel'ected andthe four holes are called “out - at 0.593 dianeter plus
0.032, which 25 allows a maxi num hole size of 0..625. The mninmum hole
size is the difference between 0.593 and the bolt body dianeter, mheweby
the -minus tolapédke on <cdenehol bsbezomesefDI3 poinhat €£he hohennay

never be |essgefiaRads PO -pecdlife ANS! §taQQ§er 3'519#5 EPSrSEQQS:

appears 30 as frue’ position, dianmeter, zero .to
material condi 8FEREAtLY atFhRCEPR. datuﬁ?%‘(tﬁéntopdﬁaéé éPnparPfSY)the

as.seen in Figusgideatem @EVPche agatsedfoiha&hlan fexed jBESESHQEolS
being tolerapced wth rd,to the matin arts, 35 the user uts
are as desi gn3fYeRERr e*%bgf%*%g \Aﬁ%ﬂe‘athl e+8ncFREWNs oPR athe oﬁ Tmg

fastener.  Addrhepesfter, Cl €\ aﬁksnc&eionthepzbbesbnesaeseilbéa pagh -
cont ai ni ng the clearance holes t he i,ni n

correspondi ng S°PatagFen th F%?eah%ﬁpecghﬁgesmodﬁgeS Héréﬂﬂbef@Pé
described. In thrSenﬂstamneptueessnhsy cbat aferngaltbenackecansees hohes

i1l hav | | h h
for the. f1oatins Fagl Feb 8¢ "06 nedniRFnl| Ky kLR BLE ol o BErE7BF, 2"
cl ear ance hoﬂestQAtnsnecuimqnmcnaunedo featutes. th&t fiastgnesiblkento’
L aed T ahe pEEEEERC e ORE Oloe Of chUBe ParhnERIORE"EREn! B! BRTRIET,DO! O

cIearIy cannot | ear ance
nust - ~theref or@efipged dagums. tMgRePYeEoniRoEPEE. 1nstan¢n§ ltCIGHB be

system. reCOgnaégﬁrab1@|5t65 ﬁsesfﬁétuewdEéaea:eslfedloueatsﬁﬁ5d1aeahy8k§)
and, for purpose 9

of Figure 16, PPESLRFRBCERY QFcthe: NeHLE BRGRGPES | fasIEes héFen Foe

recei vi ng tbE afesementionedl daheufis062 ah nekisufashion al pagkdimayone

L tT;EépgffY of bui?@ ngEp-b§7stebs tak%n 'Q%%pected

step-by-step with reference to the datums contained in

‘the CAD model and the inspection gages hereinbefore

described. B ' |

20 Having run the inspection process in a step

wise make -~ inspect manner ~ or for the ‘entire

manufactured part ‘all at once, or any combinat{_)

thereof, Jjob control -now turns to analysis of the

inspection results. Analysis proceeds for simulation

25 in the fashion to be described hereinafter for the

analysis module 38. Subsequent to the analysis 'step

in the job control- definition a command is given to
.qetach the machine and the system is turned off.

Other functzons are sprinkled throughout the

30 generation of ‘the job = control sequence which may be

required during any specific- job Certain displays

may. be provided for specxfxc purposes during the

tunning of a job. Operator _messages may be provided

- which are specific to that 3job. When all of the

35 foregoing is ‘accomplished including the other or



consi der at i on. The ANSI cal | - out for the four threaded holes 61
of Figure 16 would therefore appear as follows: 1/2 13 UNC 2B 25

o 0 0.062 M. . A 0.510 P The fol'l owi ng S an abbreviated
program listing depicting one nmanner in whi a program may be formul ated
for qggrating the disclosed systemin 30 perform ng the disclosed anal yses,
job control and tol erance nodul e processes. C FMC Corporation 1987. C

SUBROUTI NE SPC DRSPERIEIC funfuipuse: £d0 paovpale:beetat| gomirothder joo
oxecution C 10 gonerc i sinalated bb BLECH:ERY B ol crearfifnite

( . NOT. TERM NATE?) FRSPiRENUEEVEENaEQ 18 JayHem epgerves by the operaget
o e ¢ o e BT T e B gy o ogpenge. “Ct il

CHO CE, REJECT, PT) OPBrakoE 1s satisfiegeithpeneh epagsvaphsadodnthe

user's entry. C |equBheECTjob Rcoétd Tmay Tkkbkeafter be called up by

- the operator at will. -

In the actual performance of job control in

the shop the. identification of the attached machine

10 provides information to the CIGMA software with regard

to the tools available and/or the inspection devices

available. The operator then selects "Run the job"

and the calibration process is entered for the clusée:

probes. as hereinbefore described. The designated

15 point for orientation on the part after it has been

approximately oriented in accordance with the ' CRT

depic:ibn of the part flashes on the CRT screen and

the operator goes to that corresponding point on the

part nanually with the probe. Run orientation is

20 entered and the CIGMA software takes control back from

I the operator. The predetermined part features as

37/ designated by the job control are thereafter

: manufactured on the part if that is included in this

- Job control and/ot ‘the  inspection of those

A ' 25 manufactuted features ensues. The results of the

- ‘inspection are taken into the computer data, and

~ analysis, to be hereinafter 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 analysis module 38 of Figure 10 to which

reference was made hereinbefore will now . be

described. = Two  functions are . performed by the

anaiysis module, gage analysis and statistical process

_ 35 control  (SPC) 'analysis, . These  analyses may be



ELSE 25 ENO | F ELSE I F ( KENULEVEL .EQ 2 ) TEEN I F(

CHOCEEQ | )THEN C C Lber chose nenu item one,
Statistical Process Control 30 C Anal ysis. CALL SPC
ANALYSI S ELSE IF ( CHOCE .EO- 2 ) THEN CQ&S C User,
chose nmenu itemtvo, Staistical- Process Contre C Datavgse _
Managenent. C CALL. DI SPLAY MSGC ( , 2, .TRU.. , ACCEPT ELSE 40 C C

Some sort of erﬁﬁvﬁé&ﬂsr;%nau%wwsssé&z& |Gy ELSE?E'\Q{Q'en.
SUBROUTI NE  SPC 'ANALYSI S C Pur ose To erforn1ana| S

Statistical Pr&a3S (ﬁﬂﬂ'\'yo?"s 5"@-3@ be g %&%t?%‘ewcﬁe qERFY ife

Statistical Prm&mtp’aﬁc datlr fgdw2 by asmandidugds th&BtIEMbD9| ngee and
vithin each pointer gpdl date and mac |n|n

Terminate 1f sdf%® ’1%" AN c%ﬁ“é?ﬁ“sc&ﬁ“%”’r%m %?E‘??gesca
Loop to processpleed @withes gamm ussar.consv__;ructed by the inspection

results and the system attempts: to fit the gages
through the allowable- degrees of gage freedom to the
inspected part; If "the"gaQé fits, inspection is
- complete. If the gage doés not Ezt, analysis 1is
10 undertaken _L-EOr'4 ‘rework  capability. If it is
determined, as hereinbefore described that rework is .
possible, the manner in which such rework may. be \,Q
undertaken 'is communicated to “the ‘operator. If the
gage does not “£it, no rework is posSiblé and the
'15 machine is detached and that job is shut down, )
' ' With regard to statistical process control
analysis, the query is "Is the machine tool making
- parts the way they wéte? made -in the past when they
- were acceptablez”. A record of inSpection quantities
20 for each inspected feature on each part is kept in the
_ system file.  This record provides a distributi
which is contained within'the defined part tolerances
for the population which has . heen inspected. This
population is wused 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 the defined part tolerances. . When one
inspected feature - goes outside the plus or minus three
30 sigma range (3 out of 1,000), an out of control flag
comes up for that process. This occurs even though
the part may still be within the - part feature
- tolerances.  An investigatioh is immedfate;y entered.
‘Possible causes of the maverick point outside the plus
or minus three sigma range may be due to a number of

[PV
wm



15 C DO WHILE, ( .NOT. TERMNATE ) |IF ( KENULEVEL .EQ 1) THEN C C
Get user to enter boundary conditions for Statistical 20 C

Process Control analysis. C CALL CI G ZNTR TEX NBPRI X , PRIMSG , &
NBVERU , , ANSWER , PROVPT , REJECT , ACCEPT ) é 25, C Check
dates and convert to format used to select records C from
Stati*stical Process Control_data file. NOT. REJECT CALL SPC DATE (

CANSWER (1 ) , & causes. TIhs§fpfauses )1“°&§|%‘Nr3 (et ) ORSEASCF ) Fp loose
IF (.NOT. RICT) GRLtt\SRG DERQ/ANAERMatdrials, a woRROMRE (cdbl, ecc.

), USRINP. (  Z), REJ o et . f s. for_ further processing..
based on user's re nsg %C%changed t% Jr%clf( tI;glf\]Eél?ﬁ) ﬁ%Nﬁ"a{E‘END
| F ELSE | F ( MENULEMELLSRG. 2 YADDRIEN (IA(E ~(arts are made (gt wiserptaxess
enter the nunbergo Qpéaef pere s ﬁ%td nber,
of sanples to be ués%s I'n contro I|ne ca cu %OOS'CALﬁ_h Gp:t DATA
( RRMBOS  NBOSWN qm@uec O$WP$E &ack in contmESAVR is RNBSNRjedEIBET

ACCEPT ) 45 one W -I;Ié: Cy arts are badGO bé"}f‘cl‘
to previous menu 1evel.°C ELSE | (le Eve T LT PR 50 %’

.OR (NBSAP (1) Uty‘le-?aa‘@}“ i continygd. ( NBSAIVP (2) .LT 1)
) THEN C ‘When an out of control process indication is

10 made, the operator can recall some depiction of the
historical data. -He may «call ‘up a run chart which
shows how that ’speczfic " manufactured  feature is

- - appearing as a result of. the inspection process or he
' may call up what is called a X-Bar Chart 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 pocential sources hereinbefore mentioned for the out
| of ‘control condition. Thus, an intelligent means is
LN/ provided for making the aforementioned 'change to the
process ptior' to running the five éart sample to

. determine if the process is back in control.
U 25 . The tolerance module 40 of Figure 10 will now
' be described. The tolerance module is written in the
CIGMA system for use by design engineers as opposed to
quality control or process enginee... TwWwO separate
functions are performed by the tolerance module, the
30 first of which is the less <complex function. It has
iong been .recognized that -it' is difficult for the
design engineer to design t¥o mating parts with
tolerancing on the part- features which will guarantee
assemply without interference for any condition of the
35 two parts within the recited part tolerances. Often



C Get user to try again:. C CALL DI SPLAY MSG ( NBOSER

CSERNS , 2 & .TRUE. , ACCEPT ) ELSE C5 C :
Go on to next nmenu level. C END | F ELSE pF ( HENULEVEL .EOQ 3 ) THEN C 10 -
C Get user to select an ent?ﬁ& for Statlstlcal C

"Process Control analysis. C CALL PICK ONE ENTITY ( ENTYPE , Pl CMG , ENﬁPTR

o ocessing bastht IASET Sbskall, 3 - vorgrances ind Aale) MHCE o

20 anothe§w3qﬂ§ﬂﬂ§§£(:dBSigns and tihkerancesasthat emating
boundary COﬂdlééﬂlS anﬁle'sel d %ystem takes “£if @ﬁiét&eéﬂzﬁﬁés&cal

Process Contr anal ysi s necessa
~cal cul ati ons a?ﬁF“dl%ﬁv)lrdiP t“}?é:’-r*’egslﬂacfsts ¢ agethep Hrk CUEhE | CNS]-QZMNP

NBSAMP , ENT®T{kgoring to tHNIYPRNSC 3§’tar§5ard and tm@s@ﬁgg

preV|ous menu l-evel and see if user vants' anal ysi s
agai n for anot%ﬁﬁewﬁkYIQﬁ thegsngs 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__cd:tect GD and T dimension and
10 tolerance description relative to- the GD and T part
description of the mating part. In this fashion the
mating parts may be identified with regard 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 enginee: of engineers~ and indicates
to the system user if there is potential material
interference of if there is inconsistency in the datun
20 call-outs which would allow an otherwise correctly
toleranced matxng part to achieve a *within tolerance'=
but "no- f£it" condition. L \-/
The secend function of the tolerance module
40 in Figure 10 is performance'qf-fixed and floating
25 fastener analysis. A high percentage of tolerances on g_/
' ',mechanical drawings are there to .show the location of
features which function to hold perts ‘together with
fasteners, It should be. noted that a fixed fastener
is represented by a threaded bolt which passes through
30 a clearance hole in one part and engages a threaded
| hole -in a mating part. A floating fastener is
represented by a_bolt'which passes through a clearance
.~ hole in one part and a corresponding clearance hole in
the mating part, and serves . to fasten~the two parts
35 together by means of a nut, for example, applied to



END DO 35 END 71 C SUBROUTINE TOLANALYSIS C C Purpose: This
is the driver for Tolerance Analysis. S CC 6 .~ Begin execution CC

Present the Tol erance Analysis nenu to the uséPj and C _performthe
requested function, until the user says he 10 C is finished. C GOTO
(100Q),, GET CIGCON(2) C DO WHI LE (. NOT. TERM NATE) 15 CALL O G

ENTR CHO CE (PRI MARE NENISadSS, OVENGheRESRENSMRer& on the opposite side of
REJECT, ACCEPT) C dife ( RRM5GE - @Rr (ACCEP

fini shed here - refurn to nain C G nenu%lg_{gﬁé%%c(gEﬁ&%t“% f‘)\é-ed'ldré%\l
C25 C NGRS | FF VRSt efSr ATRAES s theC tRISE ANty RESRE@NSEC. B@
2) THEN C 30 C called out by xe¢ GReigiclen¥iHeey S Ghe drawings for
5the part and the mating part. - |

' The procedure undertaken by the user in

performing floating fastener - analysis in the second

function of the tolerancé module involves initially

choosing a fastener to be used. Fasteners are

10 gescribed  having standard body diameters and head

sizes (on bolts, for example) which describe defined

bearing areas on the underside of the bolt head. Such

\ fastener descriptions may be obtained from mechanical
 engineering tables. The user then ‘designates the

15 positions on a patt ﬁhere; the selected fasteners are
~to _bé used. This is done by piacing'a cursor at a
faStening point on a displayed depiction of the part

and entering the infdrmation through the keyboard, as
hereinbefore described for other functions of  the

20 CIGMA' system, The user now designates the datums on.

'~ the displayed part which are to be utilized in
locating the features on the part, such as holes,
where the fastene;s 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'invéstigates the CAD models

of the part and the mating part sto:~4 therein. Upper

and lower optimum hole sizes for the ‘holes in both

30 éa::s are computed '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 mdy be
recognized that it is detrimental to the design of the
assembly if holes in a patt'réceiving a fastener are

35 so large as to extend outside the dimensions of the

o



ELSE C 35 C Wrst Case Assenbly Analysis C CALL SET
Cl GCON( 2, 1) 1000 CONTI NUE CALL VORSTCASE 40 C END | F END DO C END
C SUBRQUTI NE VORSTCASE C C Pur pose;s This is the driver for the Vorst

Case Analysis. 5 CC Begi n executi ccC Present the Vorst Case
Assenbly Analysis nmenu to the user, and C - performthe requested

function, until the user says he 10 C . is finished. C GOTO (1000), ‘EET
Cl GCON( 3) C DOl&thg Fpgs O of-RVie/SrBtemer (the bOl!‘- Iad) ¢l G ENTR CHO CE

SoeEPT 1P (REVECT B ACEORE ety calso  sakes THEER
here - returfORSLPREIFERR nEHR G@H@FP‘TFS‘H:ESPG\SE th®. 490k £w ke
used to create the part feature. For example, a drill
5 as it wears out will make a larger hole ‘and mechanical
engineering  tables provxde an lndzcatzon of the
magnitude of such enlargement. A 0 593 dxameter 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 matlng part.
By way of example “of the ‘hole tolerance :
generation by. the-CIGMA system for floating fasteners,’ hd
reference is made to Figure 16 wherein a part 57 \is
shown havxng four clearance holes 58 therethrough. In
this example a bolt having a 0 500 body diameter and a
0.750 head size is chosen by the desxgn engineer to
fas:en3part 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 358. A 0.593 drill,
incapable of -drilling. a hole 'larger than 0.625 aS\_)
mentioned herexnbefore, is selected and ‘the four holes
are called out at 0. 593 dzameter plus 0 032, which

25 allows a maximum hole size of 0. 625. Tne minimum hole \_)
size is the. difference between 0. 593 and the bolt bedy
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 condztlons relative to datum A (the top face
of part 57) as seen in Figure 16.

When CIGMA is advised that ‘a  fixed fastener

is bexng toleranced with ,regard to’ the matzng parts,

35 the user inputs are as deexgnated hereinbefore Wwhen

.—‘
w



25 C Merge in Mating Part C 'CALL MERGEXATE (PARTERGED) C
ELSE I F (RESPO\ISE EO. 2) TEEN 30 - CC PerformVorst Case
Anal ysis C CALL SET Cl GCON(3,1) 1000 + »CONTI. NUE- 35

CALL WCANALYSI S (PARTNERGED) C ELSE I F (REébCNSE E0. 3) THEN C C

Del ete Vorst Case Mlels 40 C CALL DEL VC MODEL C ELSE If (RESPONSE . EO.
4) TMEN C 45 . C Renove: Nhtlng part C CALL RENOVENATE .
(PARTTMERGED) C HiSemppcing cfor a  floagudispsifssenedti ng Addit icoalilty s

out of the vay) Ql@%& RERSNYSEE Ghe EMN2ddndP 2 Qb@\'QaQ..C%Uch%nmg
the clearance holes and the mating par: containing a
corzesponding pattern. of threaded holes as
hereinbefore described. In this instance the member
containing the clearance holes will have a clearance
hole tolerance on the plus side which 1is the same as’
for the - floating fastener analysis , tut 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
clearly cannot move. The clearance holes in the
floating part must therefore be more tighély
controlled. The CIGMA system recognizes this
15 necessity during fixed fastener analysis ang, for
purposes of comparison, the tolerance on the holes 61
in part 59 of Figure 16, presuming 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 S7 is taken into
: consideration. -The ANSI call-out for the four
o/ threaded holes 61 of Fzgure 16 would ctherefore appear
as follows:

wn

o, 7 1/2 13 unc-18

25 0 0 0.062 M A
| - 0.510 P

The following is an abbreviated program
listing depicting one manner in which a program may
be formulated for operating the disclosed system in
30 performing the disclosed analysés, .job control and
tolerance module p:ocesses. C FMC Cotpbratiqn
1987. '



C SUBROUTI NE RUNJOB( PDQLEVEL) C C PURPOSE: TO RUN THE SPECI FI ED

COLLECTI ON OF NC TOOLI NG AND 10 C | NSPECTI ON OPERATIONS) C C

. BEG N PROCEDURE C | F( PDOCON( PDOLEVEL) . NE. 0) THEN 15 '
| F(JOBSEVEREERROR-) THEN C C - lg\BERRO?.HAS OCCURRED - JUST-

TERM NATE C CLOSE (UNIT = MSUNIT) 20 CLOSE (UNIT = NCUW)
END I F END | F GO TO (1000, 2000, 3000, 4000, 5000, , 6000, 7000 8000 & "
9000, 10000, 11000, 12000, 13000, 14000, 15000, 25 &

16000, 17000, lS@OO 19000, 2000 (PDQLEVEL) DO 11-1,80 END DO C C
Initialize fixture Sppwr;"?t#&sé%ues are set by manual fixture 30 C C

1000 CONTI NUEZI F PRES THEN 35 C THERE 1S A _
JOB- NAKE | N (%E¥%?é‘é L0 F@’mi ( S9RsFobfgr) Shdtistécal Process
Job being run $roM min nentPR&ERL qRtAAR. RUN JOB C | find out hov

user vants to Dperate C CALL G ENTR CO CE( PRI MARY, NUNBER OF MENU | TEMS,

c Begin execution.
_ C ' .
10 ©C Loop to ptocess senu choices from user.
c -
DO.VAILE ( .NOT. TERMINATE ) L
' IF ( HENULEVBL JEQ. 1 ) TBEN .
gy c '
15 C Gct user to choose type of Statistical Process Control
c activity trol senu. . _ .
c = .
CM.L CIG_ENTR CHOICE ( PRIHSG NBMENU , 'rxuzuu ’ '
& ca01Ce , RBJECT , ACCEPT )
20 € _ ' _
c su option nus.' based on user’s entry.
c
Il’ ( RRJECT .OR. ACCEPT ) THEN
- BLSR . .
25 END IP )
. . ELSE IF ( MENULEVEL .BQ. 2 ) THEN
-~ 1P ( CHOICE .EQ. 1 ) THEN
c o
c User chose msenu itea one, Statistical Process Control
30 .C Analysis. . .
. CALL SPC_ANALYSIS
ELSE IP ( CBOICE .2Q. 2 ) TEEN
c
s ¢ User chose menu itn tvo, Statistical Process Contrt
¢ Database Managesent. ./
c h .
CALL DISPLAY NMSG ( 1 ’ 2 ’ '.TRUS. » ACCEPT )
ELSE _ o
40 C T
- c Some sort of error occurred in menu processing.
(o .
END I?
: .. BLSEB
45 END IF



45 & TYPE OF JOB, RESPONSE, REJECT, OPCOWP)
| F(REJECT. OR. OPCOVWP) THEN ELSE | F( RESPONSE. 80. 1) THEN CALL CLRALPHA 50

- CALL USZRCEARI NP(' ENTER NAME CF JOB TO RUN. , &

- "USERI NP, OPCOVP, REJECT) | F(. NOT. REJECT. AND. US INP NE.' ') &
THEN - ELSE END | F ELSE | F( RESPONSE. EQ 2) THE@ C5¢C

run peb from keyboard comand nmode C C C Default data to

partname C 10 ¢ . CALL G G GET . PARTNAVE( USERI NP) ELSE C
c QPINE" §50 'Kﬁi‘ 1s 1 - CALL
Cl G GET PARTNANME( @SERI NEpROREe S ARSI 00 caLL cLRrALPHA 20 END

JOB DOESN T ALRBEARY EXI ST | N DATA BASE 25
Begin execution.

| F 1010 FORVAT(B@AL) %bo&ﬁ“@!ﬁ:ﬁ?@@%ﬁwﬁ Niedr G latisticeiFitocess dont'thP.

Sort the Statistical Process Control data file by ascending
. entity pointer and vithin each pointer by ascending date and

19 time of nachining. Terminate {f sort is unsuccessful.
CALL SPC SORT ( TERHINATE )

Loop to p:ocess menu choices froa user.

OO0 O0OOO0OO

15

DO VHILE ( .NOT. TERMINATE )
IF ( HENULEVEL .BQ. 1) THEN

Get user to enter boundary conditions for Statistical
Process Control analysis.

CALL CIG_ENTR TEXT ( NBPRIM , PRINSG , -
& - NBMENU , . msm ' rnonn wxcr » ACCEPT )

20

OO0

25 Check.dates-and convert to format used to select records

from Statis;iegl_?rocess Control data file.

aoaan

IF ( .NOT. REJECT ) CALL SPC DATE ( ANSWER (1) ,
& PROMPT (1 ) , USRINP ( T ) , REJECT )

30 _ u(.Nor.mzc'r)ausrcmn(msm(z)._
L PROMPT ( 2 ) , USRINP ( 2 ) , RBJECT )

aQAaOon

Set flags for further processing based on user’s response.

35 IP ( REJECT ) THEN
: BLSE
W = END I?
BLSE 1P ( MENULEVEL .EQ. 2 ) THEN
40 Gct user to enter the number of observations per sasple ar
the nusber of samples to be uses. in control line calculati

CALL CIG ENTR DATA ( PRMSOS , NBOSMN , OSMENU , OSTYPS ,
& NBSAHNP , ENBSMP , REJECT , ACCEPT )
45 IF ( REJECT ) THEN

0000

Go back to previous menu level.

anon

BLSE IF ( ( NBSAMP (1) .LT. 2)
& «OR. ( NBSAMNP ( 2 ) .LT. 1)) THEN

Get user to try again.

oaOn



| F( . NOT. KEYBOARD. AND. . NOT. MENU) THEN C

OPEN CALL CI G OPEN FI LE (JOBUNI TNUVBER, | unit nunber 30 &

USERI NP, | user file & 1, Dot

status=old & O o | access. sequential O

. carriage=list & S | default file gpane

35 & . CJb", ' | default file ext

EDI T FI LE, il P ass&

DI RETORY, & CALL D%—%ﬁg@m -

(DI RECRY) COTO 1000 | F (ERR@BgSTATUS) THEN C C - CONDI TI'ON Pl CKED

UP AN ERROR DUBl NG OPEN C 45 .. CALL- FCRCERESP(C)C» | F(GC(1) . EQ
.0 RETURN 90 TO 1000 END I F Q;&Qm to next senuBRéAeS. CHAR PCSI TI ON

(EDIT FILE, '1¢) + 1 CARAT * CAR -POSI TI ON (EDI T-FILE, '>") + 1

START =MAX ( BRAC ,eND T¥A\RAT) DOT CHAR POSITION (ED'T

FILE, ".) - 1 JOBNAVE ELSE IF ¢EMENULEVELE.E®TARY:THRST) ~ C CALL
CHECKJ OBSYNTAXEJOBNAMVE, | NSPECT ' PRESENT, ERROR) | F(ERROR) THEN END IF 5
ELSE END | EOI F(:I NSPECT PRESeRhT)sek-tbdl select an entity for Statistical
Ptocess Control analysis._” L
C
CALL PICK ONE ENTITY ( ENIYP! , PICMSG , ENTPTR ,

& .. REJECT , ACCEPT )
15 R
Set tlags £ot turther ptocessing based on user’s response.

aAOO

IP ( REJECT .OR. ACCEPT ) THEN LN
| ~ BLSE . | |
20 END IP

BLSE |

" The uscr :_hi.s.ent_é:e.d '.botmdary conditions and selected.
-an entity for Statistical Process Control analysis, so

25 do the necessary calculations and display the results.

AQOOOO

' CALL SPC CALCULATIONS { USRIHP ’ NBSA!!P y ENTPIR ,
& ~ ENTYPE ) s | .
30 - Go. baek to- previous aenu levol and see if user vants
to do the analysis again for another entity. :

_ END IP
END DO
35 END

AOOO0



«CC AN | NSPECTI ON WAS REQUESTED IN JOB 10 C CALL JUWVPCOMON( 1)
CALL ALPRAOFF 2000 CONTI NUE CALL GETFI LES(PDQLEVEL+1 , . FALSE.

TRUE. , FIRSTTIME, 15 & ERRCRTERNITALL)

*| F(ERROR. OR TERM TALL) THEN CLGSE (UNIT = MBUNIT) CLOSE (UNIT 'NCUNIT) END
I F 20 : END I F | F(. NOT. KEYBOARD. AND. . NOT. MENU) THEN END. | F C END CF
JOBXFALSE C CURVE FONT VEIGHT AND COOOR C C C 30 C  Create des
called RUNJOB on ¢op of currently active DCS C CALL CI C CRI CK DCS
NAMVE(' Cl QIO ', EXI ST, JOBUBRSTRNER) TOLAKALYSTSEXI ST) THEN ELSE 35 C C
Al ready exists: @IF(CBECK DCS PTR EQ JOB DCS PTR) THEN C 40 C
Currently active @cs i PuCpa3RCBTIGSELSRhE driver for ToleraDgeranalygismcti ve dcs

is nott CIGIOB 35 €CC CALL CI G DEL ENT PTR(1, JOB DCS PTR ERROR)
Begin execution

Present the Tolerance Analysis menu to the user, and
perform the requested function, until the user says he
is finished.

GOTO (1000), GET_CIGCON(2)

10

O Qa0

DO VHILE (.NOT. TERMINATE)
15 CALL CIG_ENTR_CHOICE (PRIMARY, MENLINES, MENU, nssronsz.
& _ o REJECT, Acczn)
IF (REJECT .OR. ACCEPT) THEN

20 Ve're finished here - return to main CIG aenu

ELSE 1P (RESPONSE .EQ. 1) THEN

25 Floating Fastener Analysis

ELSE IP (RESPONSE .EQ. 2) THEN
30 Pixed Fastener Analysis
gLSE | o
Vorst Case Assublj Analysis
L ) CALL SET_CIGCON(2,1)
- 1000 CONTINUE™
- © CALL VORSTCASE

. D I?
END DO

END

35

OO0 nnnnnonn aAaOO0nO O

a0 ¢



END | ? | F(CREAT DCS) THEN 50 C C Dcs does not exist - create on top
of current DCS C CALL CI'G CRE P COORDS(JOB ORI G FT PTRS, ERROR) CALL C G CRE
PT COORDS(JOB XAXI SPT PTRS(2) | RROR) CALL Cl G CRE PT COORDS(JOB YAXI S, PT -
PTRS(3), ERROR) CALL CI G CRE DCS PTR(PT PTRBCI GJOB , JOB DCS PTR ERROR) _
I FCERROR) THEN END IF C C del ete points. used for dCs constructign C
CALL C G DEL ENT PTR(3, PT PTRS, RROR) CALL CI-G-ACTDCSPTR(JOB DCS PTR E )
10 I&E(ERROR) THEN END IF END IF C C get first command In
job: 15 C CALL GETNESUBROBTISEMORSTCHSEIOB, F| RSTCALLERROR) DO WHI LE(. NOT END
0 JOB. AND . NOT.ERROR) C 3000 CONTI NUE 20 : | F( NOT. ZRROR)
THEN C C c PetpaBer| IHE KON hRL dwieeCHEST Ithie VodSt 3@ Analysis.
WUI LE(1 | . LT.53.EN; JOBLI NE) -1 25 &

. AND. JOBLI NE(11€11) . Begin exe@NponO C C : DON T PARSE LI NES WHI CH
START VITH A CGNNENT DELI METER
Present the Vorst Case Assembly Analysis menu to the user, and
perform the requested function, until the user says he
is finished.

'GOTO (1000), GET_CIGCON(3)
‘DO VHILE (.NOT. TERMINATE) : '

15 | cau. CIG_ENTR_CHOICE (PRINARY, uzm.mzs, MENU, uspousa.
| s | REJECT, ACCEPT). .

IF (RBJECT .OR. ACCEPT) THEN ) -’

10

0O 0000

20 ‘Ve’re finished here - return to previous menu

BLSE IF (RESPONSE .EQ. 1) THEN'

25 Merge in Mating Pari

Prii®aee

CALL MERGEMATE (PAETHERG!DL- :

ELSE IP (RESPONSE .EQ. 2) rm
30

QOO O OO0 a0oa o

Perfora Vorst Caso Analysts
CALL SET_CIGCON(3,1) |
1000 CONTINUE™ ' |
35 | CALL VCANALYSIS (wu'nmzn) | _
BLSE IF (RESPONSE .EQ. 3) THEN = \~
Delete Vorst Caii Mdels
CALL DEL_VC_MODEL

ELSE 1P (RESPONSE .2Q. 4) THEN

40

45 Remove Mating Pact

CALL REMOVENATE (PARTMERGED) -
ELSE '
50 '

Reposition mating part (so it's out of the vay)

CALL REPOSNMATE

O 000 O 000 O 0600 O



*C 30

| F(JOSLINE. N.' ') THEN | F(JOBLINE(:1).NE.'1' THEN

CALL LI BSESTABLI SE( HANDLER) | F( | STAT. 20. 229552) THEN CALL

LI'BSSI GUAL( XVAL( | STAT)) 35

CALL VAI TRRSP(2) ELSE

"I F('I STAT. NE. 196609) THEN C : ~a error in parse CALL

VAL TRESP(2) ELSE | PARSE OK 40 5 CALL LI BSRVERT CALL
PDOIM T( PDQLEVEL+ ) CALL ALPHACFF | VENUS OFF CALL JUVPCOMON(1) | NORMAL
JUMP/ RETURNS TO ANVIL C 4 NOW PERFI RM THE
REQUESTED OPERATI ON C fRe(1:4).zQ ' Disc) THEN C C

DI SCONNECT THE
CONTI NUE CALL C

PP) TNC 77 C

| NE THE COVRPUTER. 50C 4000
Dl SC@BIECT MACHI NE( PDQLVEL+1) ELSE | F(JOBLI NE( 1: 4) EQ. ' NC

- RUN. THE REQJESTED NC TOOL PATH

C | F(MACH NE CONNECTED) THEN 5 C check
fixtures in cudreGRUNJE8 C I F(. NOT. TIP IN FI XTURE CFFSET) &

THEN CALL FI XTURE® | NT

10

20

30

- 35

40

1]
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SUBROU(X‘INE RUNJOB(PDQLEVEL)

PURPOSE: TO RUN THE SPECIPIED COLLECTION OP NC TOOLING AND
INSPECTION OPERATIONS)

BEGIN PROCEDURE

IF(PDQCON(PDQLEVEL).NE.0) THEN
IP(JOBSEVERBBRROR) THEN'

AN BRROR HAS OCCURRED - JUST T!RHIHATE

CLOSE (UNIT = NSUNIT)

CLOSE (UNIT » NCUNIT)
 END IF

END IF

GO TO (1000, 2000,3000;4000, 5000, 6600, 7000, 8000,
9000, 10000, 11000, 12000, 13000, 14000, 15000,
16000, 17ooo 18000, 19000, 20000), roocou(mwm.)

DO 111,80 _

END DO

initialize fixtufe offsets (these values are set by manual_fixture

CONTINUE
IF(CLI_J OINAHEPRBSM ) T!!BN

P, S

THERE IS A JOB-SMZ IN COMMAND LINE
ELSE
DO VHILE(.NOT. MNB)

Job being run froa sain ianu selection "RUN JOB"
find out hov' User vants to operate

CALL CIG_ENTR_ C!GI_C!(PRIWY NUMBER OF MENU I'!‘EKS,

& TYPE OF JOI RESpoRsE,REJRCT,O0PCOMP)
. Ir(mza OR.OPCOMP) THEN™ :
BLSE
xrmsrousz.zo 1) THEN
CALL CLRALPEA
. L : cm. usucnum('m NAME OF JOB TO RUN: *,

3 USERINP,OPCOMP,REJECT)

m NOT.REJECT. AND. USERINP.NE. * )
3 - THEN.



10 & ' PROBE LENGTH, &

FI XTURE OFFSETS, & ' ERROR) END | F

| F(. NOT. ERROR) THEN 15 5000 CONTI NUE ~ °©
CALL CI G RUN NC ATH(PDQLEVEL+1, & A ERROR)" END
| E ELSE 20 5100 A FORNAT( CALL FORVRI ZT(QRJB 0) -

CALL VAITRESP(2) END I F ELSE IF(JOBLI NE(I:4).EQ'NC 1') THEN 25 C C

DO LOAD THE REQUESTED NC FI LE C | R{(NMRCHI NE. CONNECTED) THEN C 30 C
Check fixtures are in the current IF( NOT. TIP I N FI XTURE CFFSET) TEEN

CALL FI XTURES | NTO- DCS( PROBK LE SPONSE ‘%0.2) THEN

FI XTURE OFFSETS, & - ERROR) END
| F I F(. NOT. ERR@) THEN 6000 ob tron u. board coalihd liME 40
CALL C G RUN N@ FI LE( PDQLEVEL+1, " ERR ) ND | F ELSE CALL FORVRIT(0,0,0) 45
CALL VAITRESP(2) END | F ELSE I'F(JOBLI NE(I:2). Eo. 'MO ) TEEN
c Default data to partname
c ' o .
10 CALL CIG_GET_PARTNAME(USERINP)
| BLSE |
¢
¢ run job from menus
c :
15 CALL CIG_GET PARINAHE(US!RINP)
" END IF . .
END IP | - o
END DO _ ' ' :
'CALL CLRALPEA
20 END IP .

1010 FORMAT(80Al) - '
CALL RENOVE SPAC!S(USZRINP) _

c
- c CHECK THAT THIS JOB DOESN'T ALR!AD! BXIST IN DATA BASE
c
c
rI?('NOT;K!YBOARD AND. . NOT. HENU) THEN.
c {OPEN :
CALL CIG_OPEN FILE (JOBUHITNUHBER, ! unit number
30 & USERINP, - | user file
& 1, ! statussold
& 0, ! accessssequential
& o, . 1 carriageelist
& vy, ! default file name
35 & *.CJy’, | default file ext
& EDIT PILB, ! filespec opened \./
& DIRECTORY, :
& ERROR STATUS)
C
40 IF (DIRECTORY) GOTO 1000
c I? (ERROR_STATUS) THEN
c ~ CONDITION PICKED UP AN ERROR DURING OPEN
45 CALL FORCERESP(0,0)
. o IP(GC(1).8Q.0) RETURN
' GO0 TO 1000
END IF ' _ ..
c
SO BRACKR s CHAR POSI‘!‘ION (BDIT PIL!. 1)
CARAT = CHAR POSITION (!DIT FILE, ')') * 1
. START = MAX {BRACK, CARAT)
- poT = CHAR_POSITION (EDIT PILE, ‘.’) - 1
JOBNAME -« BDIT_PILS (smu'.oo'f)



L

ccC Move machine to requested |ocation: 50 C
| F( MACHI NE CONNECTED) THEN CALL JOB MOVE MACI NE( ERROR) ELSE CALL

FORVRI TE(O 0,0 CALL VA TRESP( 2) ENDIF C5 rv‘)/

ELSE I-F(JOBLINE(1:1).EQ'1') THEN C C | NSPECT
THE ESTED | NSPECTI ON PR@ESS C | F(MACHI NE CONNECTED) THEN 10

I F(. . DELETED MEASURED DATA) THEN CALL DELMDATA(DUVMY, TRUE.) END IF

| F(. NOT. GOT FI LESf THEN CALL JURPCOMON(1) 15

CALL ALPHAOFE 20000 . CALL CRECKJOBSYNTAX(JOBNAME, INSWPREEWOR)

GETFI LES( PDQ_EVEL+1 FALS%"‘??Q&E THEN RSTT & |

ERROR TERM TAL
It?SOSE (UNIT = NSUNIT) CLOSE (UNIT = NCUNIT) END IF

| F( ERROR. TERM ALL) THE{{V
END I F 25 I F(. NOT. ERROR) THEN 7000

CONTI NUE CALL Cl CERUN FR@&EW&%NELEW & CURRENT

CLUSTER, & 1 c AN INSPECTION VAS tu-:ouzsrznci Soa: AL BRATION TAILE,

CALL JUMPCOMON(1)
CALL ALPRAOPP
2000 CONTINVE
CALL GETPILES(PDQLEVEL+1,.PALSE.,.TRUE.,PIRSTTINE,
15 & ERROR, TERITALL)
' IP(ERROR.OR.TERMITALL) THEN
" CLOSE (UNIT = MSUNIT)
U , CLOSE (UNIT = NCUNIT)
END IP
. 20 END IP
IP(.NOT.KEYBOARD. mn..uor NENU) THEN
BND IP

m_or_m._.w.sz. |
SET CURVE PONT,VEIGET AND COLOR

L™y

25

30 Create des called RUNJOI on top of currently active DCS
S S CALL CIG CHECX ocs NME('CIGJOS'.!XIST JOB_DCS_PTR)
N - IP(.NOT.ExIST) THER

3 BLSE _ __- -

AAAOOOOOO0 O

Already exists: , _
xrkcnzc‘x_ncs_rri_. £Q.JOB_DCS_PTR) THEN
40 Currently a_é:‘iyd’c; is CI1GJOB
s o
" Currently active des is not CIGJOB
CALL CIG_DEL_ zm' - PTR(1,J0B_DCS_PTR,ERROR)
XD I

END IF
IP(CREATE_DCS) THEN

a00 aaa oaa

45

- 50 _
Dcs does not exist - create on top of current DCS

CALL CIG _CRE _PT COORDS(JOI ORIG,PT PIRS, ERROR)
CALL CIG_CRE_PT_COORDS(JOB_XAXIS,PT _PTRS(2),ERROR)

anon



30 & FI XTURE OFFSETS TIF &

,  PROSE LENGTH & TIP IN. FIXTURE
OFFSET ERROR) END | F 35 - ELSE CALL _
FOVRI TE(0, 0, 0) CALL WAVATRSP(2) END | F ELSEEIF(JO LINE(L, 2). EQ ' AN') THEN

40 C C PERFORM THE ANALYSI S Of THE PART 00

CONTI NUE CALL Cl G PERFORM ANALYSI S( PDOLEVEL+1) 45

ELSE | F(JOBLI NE (I :2). EALLATG) CAEI®N COARDS(JOB YAXIS,PT nasm ERROR)  CONNECT
TO THE 5PECI FI ED MACHI IALE CIBOORE "DCS_PTR(PT, nis,'cchos',ch:ocmmEgm

CALL Cl G CONNECT MACH NP(EBRXDRFVEREN1) "ELSE TF(JOBLI NE(1:2) EQ.TCA") THEN ccC

RUN THE CLUSTER CAL| BRANPCGXF PROCESS C | F( MACHI NE CONNECTED) TREN CALL
JOB CLUSTERSCAL| BRATI ON( & CURRENT
CLUSTER, & c delete points used for des co&lﬁtERtCALl BRATI ON TABLE, 5
& c , : “FI XTURE OFFSETS, TIP, &
PROBE LENGTH & CALL CIG DEL ENT PTR(3,PT PTRS,ERRORP | N F| XTURE OFFSET, &
ERROR) ELSE 10 CALL CIG™ACTDCSPTR(JOB_DCS_PTR, ERRGRML FORVRI TE(O, 0, 0)
10 IP(ERROR) THEN |
END IF : '
END IF
) c get -first 'eomnd in' 'job*
5 C
CALL cmzmonl.mz(znn oP JoB, unsrw.x. ERROR) o
DO VHILEZ(.NOT.END_OF Joi Aﬁn..uo'r ERROR) . o
c ) _
3000 CONTINUE
20 IF(.NoT, moa) THEN
. c : -
c : FIND PIRST NON sum: CHAR IN LINEB
c
DO VHILE(II.LT.LEN(JOBLINE)-1
25 & +AND.JOBLINE(II:IX). zo.-_ '
' END 0O
c ,
c DON’T PARSE LINES VHICHE START vn'x A COMMENT DELIMETER
c .
30 : xr(.losuuz NE.’ *) THEN o o
IP(JOBLINR(1:1).NE.*4*) THEN \_J
CALL LIBSESTABLISH(HANDLER) ;
IP(ISTAT.2Q.229552) THEN -
|  CALL LIBSSIGNAL(IVAL(ISTAT))
35 CALL VAITRESP(2) . , .
' BLSE IF(ISTAT.NE.196609) THEN : Y,
o ~ error in parse :
' R CALL VAITRESP(2)
_ BLSE IPARSE OK -
40 - CALL LIBSREVERT
. CALL PDQINIT(PDQLEVEL+1)
CALL ALPHAOrFF IMENUS OFP
c CALL JUMPCONON(1) INORMAL JUMP/RETURNS TO ANVIL
45 g nov PERPORM THE REQUESTED OPERATION
c mmnuuz(l:t) zo.'ozsc') THEN
sog : _ DISCONNECT m MACBINE FRON THE conru'rzx
4000 - CONTINUR

CALL CIG nxséomcr MACHINE(PDQLEVEL+1)
BLSE :ruolunzuu) Zo.’'Nc_p’) THEN



CALL VAI TRESP(2) END | F ELSE | F(JOBLINE(1:2).EQ'OR) THEN C 15 C
ORI ENT THE PART TO THE MACHI NE C | F ( MACHI NE CONNECTED) THEN C

| ?(. NOT. DELETED MEASURED DATA) THEN 20 04

CALL DELMDAI A(DUMWY. TRUE.) END | F 10000

CONT| NJE CALL CI G ORI ENT PROCESS(PDQLEVEL+1, &

'CURRENT CLUSTER, 25 &
"CLUSTER- CALI| BRATI @\1 TABLE, & - RUN THE xzcuserb)ﬁﬁJREoOﬁ@ETS TP
& .. PROBE LENGTH &

TIP I N FI XTURE O:FSET JGB DCS PTR - 30  IF(MACBINE_CONNECTED) THEN
ERROR) ELSE CAL% EORVR! TE(O, O, O CALL WAITRESP(2) END | F 35 C ELSE

| F(JOBLINE(1:2)7EQ OP') THEN C C check fixtures in PUtI®AtFdds
OPERATOR OK. C 40% 11000 CONTI NUE CALL Cl G PAUSE"
FOR OF OK (PDQ_EVEL+1) C ELSE IF(JCBLI NE(1: 1) . EXB(.NOF. TIPERN @ IXTURRCOPFSET)
CHANGE VI EVS C 12000 CONREENE CALL Ol G CHANGE
VI ZVS( PDOLZVEL{) ) o CALL FIXTURES INTO DCS(
- . & PROBE_LENGTH,
_ & . PIXTURE_OPFSETS,
& . - ERROR)
- - ' ~ END IF
IF(.NOT.ERROR) THEN
15 35000 CONTINUE
_ CALL CIG_RUN_NC pna(pnox.zmd,
: & BRROR)
' _ END IP
- 20 3100 " PORMAT(

CALL PORVRITE(0,0,0)
CALL VAITRESP(2)
END IP?
BLSE IF(JOBLINB(1:4).EQ.’'NC !') THEN

25 ¢
g DOVN LOAD THE REQUESTED NC PILB
o IP(HACBIH!_CONNBCI‘!D) THEN
30 g : Check fixtures are in the current DCS
\) - S IP(. NOT TIP IN PIXTURE_OFFSET) THEN
- S CALL PIRTURES INTO DCS(
. & o pRose LENGTH,
35 [ _ _ PIXTURE OFPSETS,
, & - BRROR)
" | . END 17
: . . S IF(.NOT.ERROR) THEN
. 6000 CONTINUE
40 _ . CALL CIG_RUN_NC 'IU(PDOLBVELol
& ERROR)
. o END 17 : '
s - . CALL PORVRITE(0,0,0)
45 | CALL VAITREBSP(2)
| - - o END 17
L. ¢ B BLSE I?(JOILINI(I 2). !0.'!0') TEEN
- g.. Move machine to requosted location:

IP(MACHINE CONNECTED) TBEN
CALL JOB_XovE ucaxuztmox)
xl.sz



C ELSE | F(JOBLINE(1:2).EQ'RE') THEN 50 C C
REPAI NT THE SCREEN C = 13000 ' CONTI NUE CALL Cl

REPAI NT SCREEN( POLEVEL=1) ELSE | F(JOBLINE(1J&) .EQ ' U ) THENC.- 5 C
UNBLANK A LEVEL C 14000 CO\ITI NUE CALL C1G UNLANK
LEVEL( PDQLEVEL+1) ELSE | F(JOBLINE(l:1).EO.'B') THEN10 CC j
BLANK A LEVEL C 15000 catOV¥hR Lb ﬁl C BLANK

| F(JOBLINE(]:1).EQ ' E') THEN C C I _ EXIT TH' S
SESSI ON C 16000¢ ' C%\DIT KIUE 20 '

| F(DI SPLAT J@B) T CALL FORVRI TE(0O 0) Cgidg QYN'J‘L&QQUQ‘)SE% JOB
EXI T(PDQLEVEL+1g 25 ' OF J TRUE.

END | F ELSE | F(@OLINE(1:1). EQ ' P') THEN Qr@ncr THE REQUESTED INSPECTION PROCESS
PAUSE FOR A SPESI FI ED AVOUNT OF TIME 30

, I?(HACBINE CONNECTED) THEN

0. IP(.NOT.DELETED MEASURED DATA) THEN

CALL nzwnﬂ'unuum, .TRUE.)
END IP
| IP(.NOT.GOT_PILES) THEN
o CALL JUKPCOMON(1)

- : CALL ALPRAOFPY

20000 ' _ CONTINUE
. - - CALL GETPILES(PDQLEVEL+1,.FALSE.,
o .TRUE. , PIR
. - | ERROR +EANTTALE)

20 : IF(ERROR.OR.TERMITALL) THEN
_ SRR CLOSE (UNIT = MSUNIT)
CLOSE (UNIT « NCUNIT) .
_ END I?
| N _ m )4 4 _
25 o S IP(.NOT.ERROR) THEN
7000 CONTINUE
S " CALL CIC RUN xusrzcrzou(rnqwm.u.
_ “CURKENT_CLUSTER,
CLUSTER_CALIBRATION TABLE,
FIXTURR OPPSETS,TIP,
PROSE '
TIP_IR_PIXTURE_OPPS! _
BRROR) ™

30

eEeerer

. o ' : END I7
5 ~ BLSB
'CALL PORVRITE(0,0,0) :
CALL VAITRESP(2) W
END I? .
BLSE IF(JOBLINB(1:2).EQ.’AN’) THEN

| PERFORM THE ANALYSIS OF THE PART
000 - : CONTINUE
- CALL CIG PERPORM_ANALYSIS(PDQLEVEL+1)
s BLSZ IP(JOBLINE(1:1).2Q.’AT’) THEN
| |  CONNECT 70 THE SPECIPIED NACBINE
000 B CONTINUE
50 R CALL CIG CONNECT NACHINE(POQLEVELe1)
ELSE IP(JOBLINE(1:Z).8Q.'CA’) THEN

'RUN THE CLUSTER CALIBRATION PROCESS:

40

@AOOD

N X1 X1

aoa



17000 CONTI NUE CALL Cl G PAUSE( PDQLEVEL+ 1) ELSE

| F(JOBLINE(1:4).EQ 'DISA') THENC 35 C

DI SARM THE PROBE C | F( MACHI.NE CONNECTED) THE}, 18000

CONTI NUE CALL CI G DI SARM PROBE( PDQLEVEL) 40 ¢ |

ELSE CALL FORVRI TE(, OO) CALL VAITRESP(2) END I F C 45

ELSE~FE (JOBLINE(1:2).EQ'MA) THEN C C " PERFORM
MANUAL FI XTURE C | F(MACHI NE. - CONNECTED) THEN (BACHINF)GONNECTED) THEN

CONTI NUE CALL CI G MANUAL FI XTURE( PDQLEVEL+1, &CAU- JOB_CLUSTER CALIBRATION(

FI' XTURE OFFSETS, TI P, % “CURRENR LU

ERROR) CCq set fla ’- nmtéawwamw.
the tip C :[ : ~used in thep : SiPhas C
not been figured into,the 5 C
of f sets ELSE CALL Fd?\zil TE(OO, O) CALL VAI TRZSP(2) 10 g; IN ¥ " oppser,
END | F ELSE It (JOBLLINE(:2).EQ ' CO) THEN Cp e OrR)~
: 10 - . CALL PORVRITE(O,0,0)
- : - CALL VAITRESP(2)
END I? |
¢ BLSE IF(JOBLINE(1:2).EQ.’OR’) THEN
_ 15 g ORIENT THE PART TO THE MACHINE
U IF (MACEINE CONNECTED) THEN
c -
o IP(.NOT.DELETED MEASURED DATA) THEN
20 - CALL DELMDATA(DUMMY, TRUE.)
o | END I7
10000 . CONTINUE
o o CALL CIG ORIENT PROCESS(PDQLEVEL.1,
& CORRENT CLUSTER,
25 & CLUSTER CALIBRATION TABLE,
: s PIXTURE OFFSETS,TIP;
& PROBE
& TIP IN PIXTURE _OPPSET,
& JOB_DCS_PTR,
30 & . . _RRROR)
| o - CALL PORVRITE(O,0, 0)
CALL VAITRESP(2)
END I? |
35 ¢ -
\_ c BLSE IP(JOBLINE(1:2).EQ.’OP’) THEN
| g - PAUSE POR OPERATOR OK..
40 11000 CONTINUE
c CALL CIG_PAUSE_POR_OP_OK(PDQLEVEL+1)
.  BLSE IF(JOBLINE(1:1).BQ.°V’) THEN
45 g ~ CHANGE VIEVS
12000 . coNtIvuR
¢ - L CALL CIG_CHANGE v:zvsaoouvxm)
e BLSE IP(JOBLINE(1:2).EQ.’RE’) THEN
50 '
e REPAINT THE SCREEN
c |



C CHANGE COORDI NATES C 15 y
CALL Cl G CANGE DCS(J08 DCS PTR, -ERROR) |LSE | F(JOBLINE(l:2).EQ'TO) THEN C
C DOMN LOAD TABLES 20 C | F( MACNI NE ’
CONNECTED) THEN CALL C G DOWN LOAD TOOL TABLES ELSE CALL FORWRI TE(0,0,D) 25
CALL VAITRESP(2) END |F C ELSE I F(JOLINE(1:1). EQ.'S) THENC 30 C 4
SAVN A COWAND C | F(1 STAT. EQ CLI S NEGATED) THEN END | F CALL CLISCGST

ALUE(' COMVAND ,138RRnND) 35 2 CONTINUER
| F(1 STAT. NO. CLI S NEGATED) THEN ELSE | F(| SAAE. g% RER, SGM(EDQLBVBLJ)
USER SPECI FI ED AN OUTPUT FI LE C 40 ELSE IP(JOBLINE(1:T). £Q.'U’) THEN CALL
CLI SGET VALWE('SOUTPUT - FILE' , &
OUTPUT FI LE;g ERD | F 1 (| STAT . EQ CLI' S NEGNBEMK 4 (RVBY F
| F(| STAT. EQ 26 THEN 45 C C USER
SPECI FI ED AN FILE . C CALL CLI SC@N%E&N‘I NPUT_EILE. 50
| NPUTFI LE) C SR LL LANK LEVEL(PDQLEVEL+1)
o ¢ | ELSE IP(JOBLINE(1:1). xo.'n') THEN
g - . | BLANK A LEVEL
15000 o CONTINUER
| CALL CIG BLANK LEVEL(PDQLEVEL+1)
15 c : BLSE IF(JoBLINE(T:1).BQ.’B’) THEN
c | EXIT THIS SESSION -
¢ | | | G
16000 o CONTINUE :
20 | _ IP(DISPLAY JOB) THEN
- - 'CALL FORVRITE(0,0,0)
CALL CVAIT(200) - )
BLSE
. o ~ CALL CIG_JOB BXIT(PDQLEVEL+1)
25 o RND_Or_J3B..TaUR.
| END IF
. BLSE IP(JOBLINE(1:1). zo.'r') THEN
0 S | PAUSE FOR A SPECIFIED AMOUNT OF TIME
17000 - | CONTINUE : o
| CALL CIG PAUSE(PDQLEVEL+1) ‘!
c BLSE xmo!uul(z's) £Q.’DISA’) THEN
35 ¢ - DISARM THE PROBE
- ¢ | - | | S
T S " IP(MACHINE CONNECTED) THEN
18000 CONTINUE
| | CALL CIG_DISARM_PROBE(PDQLEVEL)

40 _ ELSE
. CALL PORVRITZ(0,0,0)
CALL VAITRESP(2) :

END I7

ELSE IP (JOBLINE(1:2).2Q.°MA’) TEEN
PERFORM MANUAL PIXTURE

45

OO0 O

e L IP(MACBINE CONNECTED) THEN
S0 19000 ' _ CONTINUR
S T - | CALL CIG_MANUAL urrmuooum.x,
“rixrurE orrsers,TIP,
‘PROBE LENGTEH,
ERROR)

[ o o o



- «C SPAVN THE JOB C

NOTE: |IF NOMI T SPECI FI ED, THEN TEE C AST
_COVPLETI ON ROUTI NE CALLED SPAVN HANDLER 3]

"GETS CALLED CIF(INPUT FILE.EQ" '.AND. & 7 QUTPUf
FILEEQ,_. ') & : THEN C C

SPAVN/VI TS NO | NF;;LJT OR OUTPUT FILES C ELSE | F(INPUT FILE.EQ' ') THEN 10

ccC
W THZ UST QUTPUT
BOTHHPRESENT C E
BT SPAWN g
roces;bpould not/,
AL(I STAT))

| LE C. ELSE 15 CC

OP THE JOB C 20100
" Youdr sub-p
- CALL LI BSSI GNAL(

N
Y 31 C
£ N 10

15

ano

20

25

30

OoO0O O

35

40

45

OO0

S0

aaaon

| F | F(I STAT. NE. SSS NORML) THE4 38 t

CALL LI BSI STALI SEEstupecadf
CALL LI BSREVERT ,
VAIT A

ELSE | F INPUT.FI LE NULL, THEN SPAVN C

set flag to indicate that the ip
xture offset has

gured into tq’O:\’XAT(
sets
L FORCERESP(0OO C ELSE 30

TMbRRTRe (00, 8’5” PUT [ ERH]

CALL VAITREBSP(2)
END IP
ELSE IPF (JOBLINE(1:2).EQ.’'CO’) THEN

not been £

CHANGE COORDINATES

CALL CIG CBANGE_DCS(JOB_DCS m,
ERROR)
BLSE IP(JOBLINE(1:2).2Q.’TO’) THEN

DOVN LOAD TOOL TABLES

IP(MACHINE CONNECTED) THEN
. c:u. €IG_DOVN_LOAD_TOOL TABLES
LS
CALL PORVRITE(0,0,0)
CALL VAITRESP(2)
END 1P

BLSE IP(JOBLINE(1:1).BQ.’S’) THEN
SPAVN A COMMAND
IP(ISTAT.2Q.CLIS_NEGATED) THEN
END I?

CALL CLISGET VALUE(’COMMAND' .comn)

IP(ISTAT.20.CLIS NEGATED) THEN
‘BLSE IP(1STAT.EQ.261401) THEN

USER SPECIFIED AN OUTPUT PFILE

CALL CLISGET VALUE(’OUTPUT PILE’,
_ OUTPUT FILE)
END I?

IP(ISTAT.EQ.CLIS NEGATED) rau«
~ BLSE IP{ISTAT.EQ.261401) TEEN

usu SPECITIED AN OUTPUT PILE
CALL. cuscn  VALUE(* INPUT_PILE’,
- - INPUTFILE)
END IP
SPAVN THE JOB
' NOTE: IP NOVAIT SPECIPIED, THEN THE
_AST COMPLETION ROUTINE CALLED SPAVN_HANDLER



CALL CVAI T(200) END | F 35 ELSE C C

TH' S SHOULD BE | MPOSSI BLE C 16100 '
" FORMAT(' UNRECOGNI ZED COVVAND | N JOB: / .40 ‘
CALL FORVRI TZ(0.0,0) CALL VAI TRESP(2) END %R C IF(JOBSEVERERRO?) THEN END | F

50 | F( KEYBOARD. OR. MENU) THEN C ~ | F KEYBOARD I+

THEN RESET TO NO ERROR CONDI TION SO C - o ADOl TI ONAL COMVANDS MAY
STILL BE I NPUT¢C END I.F | F(. NOT. ERRCR)GﬁFi L GETNEXTJOBLI NE( END OF
JOB , FI RSTCALL¢ERROR) END I F. 5 ME. EQ ' MENU AND, END O

JOB) THEN COTO 1000° 1 GO BACK 1 MENU LI VElzp€rgpur PILR.RQONEGCKNShat the user
did not try to chargge dcs: 10 C IF(.NOT. E U\ LENgY . ‘EMY 0] JOB) THEN
| F(CHECK DCS PTR NRg.JOB DCS PTR) THEN C C t8eN Job dcs was

changed in mddle of run: 15 C CALL C G ACTDCSPTR(JOB OCS PTR ERROR) END

|F END IF C SPAVN VITE NO INPUT OR OUTPUT PILES
ELSE IP(INPUT_PILE.BQ.’ ‘) THEN

ELSE IP INPUT PILE NULL, THEN SPAWN
VITE JUST OUTPUT PILE

- BLSE
BLSE BOTH PRESENT

BND IP o
IP(ISTAT.NE.SSS_NORMAL) THEN

COULDN’ 'l' SPAVH - STOP THE JoB

10

15

QOO0 OO0 OO0

20

g7
8.

_ ] Pomr('tour suh-proecss could not/',
o CALL LIDBSESTABLISR{BANDLER)

25 ' S CALL LIBSSIQIAL(!VAL(ISTAT))

CALL LIBSREVERT

CALL FORCERBSP(0,0)

BLSE
VAIT A SECOND POR ANY OUTPUT ‘!‘b HAY BI

| CALL CVAIT(200)
| o - no1r
s BLSE .

c : : :
C S THEIS SHOULD BB IXPOSSIBLE
c '

1

6100 FORMAT(* UNRECOGNIZED COMMAND IN JOB:/’,
0 - CALL PORVRITE(0,0,0)

x ' CALL VAITRESP(2)
. END I?
. 'BND I? '

4s N o 17
MO TP
BN IF
m.msmnmon
DD I?

50 | IP(K!Y!OARD OR NENU) THEN

I? nmm INPUT, THEN RESET TO NO BRROR CONDITION SO
ADDITIONAL COMMANDS MAY STILL 3B INPUT '

30

a0 O

[+ X2 X2 X2



20 : END O | F(MACHI NB CONNECTED) & THEN C C MACHI NE VAS

CONNECTED - DI SCONNECT IT 25 C 25 C | F(LASTMACHI E TYPE. NE 0) TSIN C
.DI SCONNECT DEA"ONLY | F NO ERRORS VERE DETECTED C 30

| F(LASTMACHI NE TYPE. EQ DEA MACHI'NE TYPE. ANG 3& - . NOT. ERROR) THEN
CALL DI SCONNECTMACH( LASTMACHI NE TYPE, . TRUE & TRUE 0) 35

| F(L MACHI NE TYPI . NZ. DEA MACHI NE TYPE) THEN CALL _
DI SCONNECTMACH( LASTMACH Nenp' YPE + - TRUE & : .TRUE.,0) END IF END I F

40 END IF C C
routine: C 1K O?IGOCSPT{ﬁa
ACTDCSPTR( ORI G CCS PTR

@%%I des before entering this
“‘ém%%a 98 ?&%ﬁpﬁﬁ%@)
END | F END sAl though tfso

. r carry| ng out
the present invention has beggp ngnl gx& %gwwl Eﬂfép will
be apparent that nodignpcap! on var| ation  nmay made

wi thout 5 departgng from what s regarded to . be the subJ ect matter
of the inventiong HVS: snixheck that the user did not try to change dcs.

10 ¢
IP(.NOT.ERROR. AND..NO‘I' END OF_JOB) THEN
IP(CHECK_DCS_PTR.NB.JOB_DCS_PTR) THEN

(s NeNel

Job dcs vas changed in siddle of run:

CALL CIG_ACTDCSPTR(JOB_DCS_PTR,ERROR)
END IP
_ . END IF

20 END DO
IF(MACEINE_CONNECTED)
& THEN

15

MACHINE VAS CONNECTED - DISCONNECT IT
IP(LASTMACHINE_TYPE.NE.O) THEN
DISCONNECT DEA ONLY IF NO ERRORS VERE DETECTED

N 30 IP(LASTMACHINE ' TYPE.2Q. DEA_MACHINE TYPE.AND.
. (9 .NOT . ERROR) "THEN :
N CALL nxscommca(usmcnm _TYPEZ,.TRUE.,
‘ . oﬂ"‘- .0)
END I?
35 IF(LASTHACEINE TYPE.NE.DEA MACHINE 1’"8) THEN
W g _ CALL nxscoﬂuzcruca(uS'mcnm! TYPE, . TRUE.,
: & .TRUE.,0)
' ) . END I?
o IND 1P
40 END IF

25

a0 000

teactivate original des before entering this routine:

IP(ORIG DCS PTR.NE.0) TEEN
45 CALL CIS_ACTDCSPTR(ORIG_DCS PTR, ERROR)
CALL CIG_DEL_ENT_PTR(1,J0B_BCS_PTR,EZRROR)
e

QOO



1. A computer controlled display systemfor inspection and anal ysis of
predet erm ned part features on a manufactured part coupled to CAD and

tol erance data for the manufactured par /4 conprising:- a display, neans for
si mul t aneousl y di spl aying a design data’ rTBdeI of the manufactured part and
an inspection path about the part nodel for the predeterm ned part
features; and, neans arranged for selectively altering said inspection path
on said display. 2. Abehdughl agheysbestof olodiem 1c®(m:relnmiattadmasﬁmi ng.
means for the d t S, i M

Si rrultaneouslygésgqbgyrbu% Qﬁ& E??EH&S rré'gs%%rneg'@?r{an acturé%?m}rteq’
features and &howdel ang aﬂeisﬁipééﬂuon igageWdddAst r & ed i‘RRﬂﬁ% arkhat

tol erance dat %oaglf%\e%@aoho taaPr eqaqatiRy PHdy f e afaded: with¥ue

di splay system of claim:2 conprising neans arrandged to display

si mul t aneous? PEPASFASE §5OResHPAS wilfh F&a3rdes gt Ua® orthfeasitiieSfar t
nodel s. 4. Tag t@rS RIfa X hey She@n®fionl.al m 3 wherein said inspection results
are in tabular form 5. The display systemof Claim 3 conprising neans
for presentindi¥® MS:$MBt i stical anal ysis of said inspection results. 6. The
di.splay systemof claim3 corrpri sing neans for presenting rework o
instructions based on said i nspectl on results. 7. The display system of
claim2 wherein said neans for sinultaneously displaying conprises neans

for displaying said nodels in distinguishable colours. 8. A conput er
control I ed display systemconstructed and arranged substantially as herein
described with.reference to and as illustrated in the accorrpanyl ng -
Dr awi ngs. ) o/
R
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QLAIM§= _
1. A computer controlled display system for inspection and
analysis of predetermined part featufés on a manufactured part
coupled to CAD and tolerance data'for the manufactured part,
comprising:-
a display}
means for simultaneously displaying a design data model
of the manufactured part and an inspection path about the
‘part model for the predetermined part features: -and,f
means arranged for selectively altering said inspection

path on said display.

2. The display system of claim 1 coupled to measuring means
for the predetermined part features, and comprisin t-
means for sinmultaneously displaying a model of the.
mneasured manufactured part features and a model of an
inspection gage constructed from CAD and tolerance data

relevant to the predetermined part features.

3. The display system of claim 2 comprising means arranged
to-diéplay simultaneously inspection results with said design

data or measured part models.

4, The display system of claim 3'wherein said inspection

" results are in tabular form.



‘R O ) _
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5. The display system of Claim 3 COmprisiﬂ&'means for

presenting a statistical analysis of said inspection results.

6. The display system of claim 3 comprising means for
‘presenting rework instructions based on said'insﬁection

results.

7. The display system of cléim'z whérein'said means for
simultaneously displaying comprises means for diSplaying:sai&'J

models in distinguishablé colours.

8. A computer controlled display system constructed and
arranged substéhtially as herein described with reference tn

and as illustrated in the accompanying Drawings. ..

—



