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_ Duc au the lack of phnning qgineers ahd ahzir expertise in
haqi enlerpises to set up the Msnufacturing ,oaes yoi the erg.
plr.ts li*e dies. wherc their work\ began ,trh id(;nlying a;d
allocatirrg references poina b hlerandng anl dimeniinig the
dra.wings, Fot thh purpose aa algoirhm sels up anl o progim ls
bailt up under Visual Bosic. The program is capabl" m iientify and
.ll?care (Iol elE dtowihg) these releturqe poirus oatomatically
ut.i,|g AutoCAD a, inpat/ output intcrlo.a Th leo6 ,o .!e.fto.r.
timc ond elforts arcomplished with occu%re and ?recision\
toler.ncing and dimebiiorring calc arirrrs. fhe pragaaz, eaa be
deteloped in fulurc to inclutle mnples< and aon-ry^m"1"ical 
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!j!c.4 1!q!!elqs!-lsl2t \si-
Glorsary:
alrr Compuler Aidsd

Design or Drarving.
a-,,1,t1. Cornpurer Aided

Manuaacauriag.
a-1,1t Computertntegrated

Manul;cturing.
alPP Computer Aided

Process Planning-
C,UPP. Compuier Managed

Process PlanriIlg.
,.11.: Data Lxchange

lFormat) Filc.

l. Introdurtioni
I)alunr or relerence

poi.ts. lincs. planes alrd
surlitcas are an esslntiai
lcatLrres in psrr drawing.
process planning.
mar[flc1uing, and pafl
;nspection and quality controi.
Iheir allect appears qujae

clearly on meclifling cos{ and
clcle lime. Forl] give. par /
producl design, rnlrlti
manlrlhclurilrg plans (ro.tes)
cdn he estimBaed 6)' a process
planncr enginec.s due ro their
lldation in 1oo$ledge,
cxpe(ise and diilereat finn

1'he iilst step to set a plan is to
ailocale and identii re{erences
poinl {dalurrs) 11) lolerancing
xnd dinlensionilg tie dra* ing.
TIrc aim ot this rcsearch is 1{)

build a program to assist lhe
plannff cnginecr lo put lhe
process plan lor rectangular die
pans symmeldcal and non-

rymmet ical engineering
dilir'ings" this wili ease :o
automate CAD, CAM and
CAPP leading 10 imple$elthg
CIM,

2. Dat{m detlnidon:
A datum is a theo.etically

exact point, axis, or plale
delived flom the t&e geometric
colmt'ryalt of a specified
datum feature. A datur is &e
origin frolr which tlle location
or ueometnc characteristics of
festures of a part established t'1,

(See appendix (A) for more
definitiofl terms).

Dattms, based oal thei.
applicati(ms, can be classified
inlo five categories trl :

l- D$igtr dannns, which are
da*rns used on pari
&awilg lor tlre purpo:e of
dimensiooing.

2- Setup d6turns, which ar.
datums used to loeale Bnd
sotup the pall on the
ri/orkholder (fixture) or th6
$aciine table.

3- Opemtional &l$ns, wlrch
ale daiulns used to
dstemine the way the
machining cuts are takea.

4- M.aswing dainns, which
ale used for inspecliolr
purpose after machining.

5- Assembly datums, which
arc used to delemine fte
position of the pari ifi .n
assembly o. the positiol of
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!!s-& I!rn&l!{., !91:1-\! i2!]ll
an assembly on an
assemblv nlachina.

3. The role ol datum in
(eliss:

ln drawing. lefarence
piare maj coincide lrith the
lront surtice 0lthe objecr, or jt
ma) cut thlougb the objec{ if
the objeci is svmme,rical, or rhe
relerence plane nla], coincide
!!'i& $e back surl'ace oi the
otj.ct, or through arty
inrennediate point olrhe object.
TLe lclercnce plane should be
assumed in the fosition nr()si
convenienl l'or transJ3ffin.t
disaances \\jih respect ro it. Ih;
,d\,antage of dle rcfLrence
plane is lhat lcr,,er
measur€ments are rcqaircd,
since some points of lhe obiect
lie in ir lrl. (Figurc li in
drawing, it is expecled to
convcl a complete description
ol ever\' derail of a part.
llor,erer, dinensioning is a-s

rmponant ss the geometdc
iilbrnation. Arld in rnarul'actu,
.ing, a drawilrg without
dimcnsions is rl,onhlcss [rl.

In dimensior,.g any
diawjng. the most imponanl
tenl]s related to dallrm
according to the Americln
National Standards lnstitute are

- To sho\! the di:nensions
betwecn poiIrts. lincs, or
surlaces ther have a necessary,
and specilic relation !o eacil

other o. tlut eontrol the
location ol' ather cortponents
or mating pafls.

- To sclecl and araange
dimensions to a\oid
lrccumulaaiors ol- tolcrancL,s
tl€t mat.' permit ,-arious
interprelatons and cau:c
unsatisfacton, mating of parts
and failu.c i. use.

Tlre basic locatio, where
most di ension lines originate
is ihe reilrsnce !,carior
(datrim). And for machirrirg.
tic relc€rce locatjon plolidcs
lhe base llo& wlticb all other
me&swe.1ent is irkol trj. Ihis is
also lruc as ore slep included in
general desig, ptocedu.. lil t0
sea ol,erell size limits {ith
re1laences io lnountillg upon at
altacllmert to a machinc.

Althoug} man!l'ac&red
prodtcts are ali designed ro
have certain geomet.ic shapes.
but d.e to varirrs
Llncontrollab;e ldclors. lhefe are
al$ays geometic departircs
benveen dre products and ric
desi{llr !p.citca1io.s. onc
impo(ant issre herc is to.iudge
and colnrol the geom.trit
qualily ofa produci. ln cencral.
lhe geometric qualil of a
produel is jLtdged by how clos.
the produ.t is in aonllliance
wirh geometric t{}lerances
specified in ahe design 5r.

Sollwarc needed to
prepare tic engineedn.q
drawing lhat done b) the
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dqsigne.'s hand or wi&
Compuier Aided Desip CAD,
to design the man*factudng
.oute- this step is an essential
sJep aoward automated pmcess
pialrning, whicl ederges as key
fnctor i. CAD/CAM integratiori
leading to Computer Integrated
Manufacturing CIM 161.

OI1e Computer Aided
Proless Plaidng CAPP
systelll explained lhe need to
datlrm and r€ferences iD
Com$$ea Managed hocass
Plaming CMPP, see igure (2).
In Coilpl,ttei Madaged Ploces!
Plainiry CM?P (developed by
&e UDited Techrologies
Resea{h Cente. wilh some
firdirg ior. U.S. Army)
vr'tich applicable only to
rotational parts - so the system
has rec€ived limited i,
indls1rial envLonment, conlist
a palaess decisioa model
(which consists a
mmlufactlidng logic., usod some
rules that specify how some
rcfe,ence srlr{aoes sre to be
selecled, depetding on part
informatiol which includes
final part shape, dimensiors,
aoierarces, surface Iinish,
geometic folm conditions,
material specifications, and
suface tleatnents and/oi
coatjng E.

4. Tle Eeneral fEmework of
1!e Drogram:

ilhe general ftarnework
of ahe pl1}gram includes
s€quential stE)s to allocate the
$litable datum point for
s)rmmetrical and non-
symmetrical geometrical pslts
{molding and pl:I1chiltg dies).
Figure (3i is a suggested
&amework.
4.1. TLe extraatlon ,erfures
propos.l algorlthm:

Engineeiry featlaes and
elements fol a pfi drawirg
lnust be identified ]i;lli.h are
lines, aiacles, and cuves. The
distioguisling of *rese &a:ures
are done a omalically by tle
plogralll. Tie prograrn is
capabl€ to rcad aad identi& tle
storcd eletrlelts as Daia
Exchange format DXF file. and
figuls (4) showed the poposal
algoritl1rrr's flo$, chaat.

4.2. Alr algorithm to allocate
tie cenl.I ol thc georretfcal
drssitrg:

For ary q/It]]netlical
drawing, i'ts boundaries m1lst be
idertified atrd detemriae; &e
fourth suifaces or dimensions-
right to le& and boaaom to ao!.
This dose by drawirg 3 dasled
lirles (.enter line) - vertical and
ln.izonlal iines, w1*cl diYides
&e dlawing into faurth
pfiitio1ls, according to the
origbal ard basic s.rroundbg
lines whic! are galhercd aom
CAD s)'stem a.s D)G data file,
see Eg!.e {5)- Tiese iines can
be armnged in different $.ays /
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vectors as it seen in figlre (6).
So irl this way &e fourth
partitiolrs are isolated co.recry.
The steps to allocate tile ceniet
sfdrawing are:
. Step 1: the fiIst step is to

allocate the fowtl sides of
the d.av.in& the ight line as
the rigli side, and so on for
d1e othe$ sides.

r Step 2: poinl l, point 2,
poitlt 3, a.d loitrt 4 must be
for.:nd. This done by usiag the
egnatio. (1) and equation (2),
which is aue fo, point 1

(x, y).
*For right liie,
(Xl,-Xr,):
Xi- Xptar XR)

identi& the centrai point. The
steps of the relerence poillt
alloeatioi algoritbi are:
l- ldentify wlether sbapes

liave a ce*ral feature or
not.

2- Identi| if it has
symmet icd holes arorad
&at featnJq tlen select ihe
certral point as reference
point.

3- Select the cer*al poht as
refe&nce ]roillt if all 1he
holes iay on the :ame line.

4- lf ahere is n6 central
feature, but &ere a.e hoies
aaoutrd the celtlal point,
sele.t the leli bottom hole
calrter as agfererce poirt-

5. TLe Softrtr.t
The software designed

to assist the d.signer and
planoer engineq in thei. woil.
It works simply unde.
Windows usiag Visual Basig
also lirked to AutoCAD system
for ioputs and outputs using
D)aF data. See figule (13) fo!
lhe start men! and ,igu.e (14)
shows the inpat /output scleer).

6. Corclusirnl
Daiums ard referer€e

points are essenlial featuI'es
mostly for d&wing and
oa&factariog They have
influenc€s or the dimensioning
ald iolerancing operadon. also
affects tire manufactu.irg
plarming.

x-ax6i

......4)
Yt= (Yar or Yn)/ 2 ......(2)

The otiei poirts can be found
in tie same way.
I Step 3i to altocate the ceder:

Xc - Cr) + X)/2 ......(3)
Yt=(Y3+Ya)/2 ......(4)

1}e flow chart of allocation the
centei algoriilrn is shov,l in
rlgure ( / ).

43. Reterence poillt
Algorithm:

The algoritLm is ssitat e
to run simply for dies and pafl
drawirgs, mold part atrawing
wss seleded, (appendix B).
These pans ate synmefical
holes almost gxound the center.
Takirg the zero point at ihe
middle as a relerence point is
gefered. The supported
p.evioils slgoritlms are used
divided the dlawing and io

295



t.]]c,3 ]l!tuDtseriLd:]Jli-A&:

lho proposed progunt
wrs lastcd atld llre oulpat \\,as
illustlalcd in figurc(1:l). arld lhe
sottra]3 of the p:ogl,lm can be
scen in appendix (C).

The bcrefils o{' rllis
progmm are lisl.d belo\v:
- Ihe program saves time al]d

efiolt due to auiomalion

- ihe proccss ol allocation of
rcler.nce Poinls are quickly
3nd xccuralcl). Ilre program
rids the eogineers e\,en the
non-sxperts in their works ao

allocale the releren.c poinrs
due b silrple an.1
seqrenlional slrps.

- Tbe progran can be used lor
document:raion b] rrinling
th. datun! iines on the
d.awiog as the output.

For tutlrre work. the proglam
can be developed to inchrde
olhe. shnaes. ln addition, the
irtegration wiih orher soB*are
can be done in the fulure.
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Figure (2) The CMPP process plattning functions 6l
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Dr.r\ring engnlei'rnrg shari by B:ing
AutoCAD.

Saving that Shpes as D).F - format'

Reading DXI - iie co$ains and
rccognition fea&es ter engineeirg

Making logically nuiipulalions lor
iapul d.tr lo delennine dalun poina.

Building a rcw slr'll.ti.e {Oulput -
DXf) ao drawirg origi. shapes and
da&rn poinas, rhicli are appeareal as a

Sholving ourpql daia (Ou1$.t DXI-).

Figaru (j) The sr,ggesled frameworh
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Fit:ure (5) 7ht dashed li'res ti,i telt rhe tr wifila it,t., tteo t,t tritions.

Redig .a DXt sileb
rr dbwins osi.drli.

aadi.s lh. inrorsrnor

Rt.dilg rh. innrm,in,,

R.rdile $r irnrDNln'

Figure (4) The prcpotatjtote cha qtgoritrru
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Figarc (6) The dieoinr. ol lines dranli g and anurgeirenL

Figurc (7) fhefott chatt ofnllocotion the cet ter dgotirhm,
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rtr si of r.jiEn& loinr

Fig&e (8) Algotithm ,o ottocate &rn rt pain .
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Figx (10) Albruti,,g thr tutun poihr,for csntit trt. dtct.t
(ttep2 iD Figurc t).

.a..-\ .r\ r'r.. ra a':
!-.1-7

Figwe (9) A ocanne ,he larkn poin ! in the centerfo. a slrn nztied
central xhape (.\tepl in Fie"rc B).

FEn e (1 1) Allocating ,he dstrt poit rs fo, , $ne circks abol,e the eekter
ofshape ($et3 in figure 8).

j
I r- :

i ,I-
Figurc (12) A ocat rgthe datanpoirrisfot,wo l*,es apdrt {rom,he een er

ofshope (srep4 i" Figue A.).
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Figtrre (1 3) The *rn ,nen&

Figure (11) The in?.t / output tcreen-
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Ltu & 1 ech..l.!r. \!Lli.!!-Lllq!

ApVudLr -A-
(i'mn Gconrctric Dimemioriag.:nd nncnncing deflnitio! i;l )

l)atrm - D*ums aic roints. lines, pianes. cylind.N. a\es, elc..4 fro \yhich
the locatiol, or gcomelric relaronsnip of othe, parl itnlures .uy be
csleb,isheil or r.lrkrl
D!tu'D Axis - 0re datunl a:;! is the iheoreli. l). e\acr centerline ol &e daruDl
cllinder as establishcd bv thc erilrernilic. or .ontacaing poinls 01-thc aclual
datum leatrre gylindrical lnrlice, or lhe a\is thmcd at the inte.s€clior.l-

Daturn Feature - A datum fearure is the a.tual .onlponenl ]earu.c used io

l)alum ldenlillcliiolt ira re {Stmbol) - -lhc dai&n id.rrilicrlioll *llllrc
{\}mbol) conunrs the dntlrn ..feren.c l!!.cr ir x r.cungular bo1, uslally
lreceded ard lirloly.d by adssh la.y leurr!\cepi 1,0. or Q).
Dalum Lmc - A dalum lhe is thxt *hich lns lengri 5rt no 1,.!xd!h or depih.
slrth rs, nn ;rlcrscction lin! oi rq,o plan.s. lgrlerlinc .. .t\i-. of hotes or
clliudlrs ilnd/or rel-ercnc. li!. aor furcrionltl lurling or galeiry purfo..i
t)ntullr llrini - A dalun poill is rlal $hich hrs po\ition. bnl no e\icnt; such
as, rh. rpc\ 01 r pyranid or.one..enl.r poini oia sphlr. or '.lfr.rc! poinr
on .r surface f,ir tunctional t!o11 g.r gauging puryoses.
Dal n Rclircnce , A dstun referdr!. i. a d,ttunr ftature.
Dahrm Referencc I,lane - i! a sel oi th.ce l]rduall!- p.rp.rdicula. danrn]
plores or a\is cstabiisaed arom &c rimulaied &lun in conra!! iljtlt dstlm
\urlic€s o. l'catures nnd used as r hasis tor dim€nsxlns t_o. designs.
manui_acrltre, and inspectio,r meirturcment.
l)arum Sim labr - A darum simulaor .r surli.e of adequri. p.ecisrcn
orienled to the high poirls of a designatld d?lum lr.n ri,hirh the simulaled
dalun is \]slablished. tlrafiplcs: gage pjn. block, surlirce olgt:rii! block.
Dnrun! targcl - is .r specilicd foift. line, or area on a pa* thal iJ uscd 10

eslablish dic Datum Rcfer.no. |,1nrc lor manlli:tlrl1iing a.d inspccliorl

lnrplied Daum - An impljed d.itllnr i! an lurspecilied datuin \ra.se inllu.ncc
o,1 tle awli.ation is i plie.l bt lh! dimeniional ar.engemem on rlc dr.i\,\ing;
.xamfle, Coordjnale dimension,rg is applied lo pdrt. tl. zero dillensi.n js
athched to a lealffe rhis le.tlllre ir impl;ed as x &lun elcnient; aris, \lrfrce

R.Lrince Dnncnrion - A aimensior, r]sttnlly withoul toler:rnc!, Lsed 1n.
inlornxtion tuDoses onli. 11 docs rd go\em produotion or in.pcetior
ilp.rarior!. A rclercrce dimeason is a repear ot n dim.nsios or is derired
f. ..r ,'\.r , a r...or rn(/ir.* e., r<laLeCdmq.ng..
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* fhe dimensions a. b, c, d, e. el- e2 and s &ere taken arbitrarv
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