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VISUALIZATION OF THE INTERSECTION CURVES OF CONICAL 
AND CYLINDRICAL SURFACES OF THE SECOND DEGREE

S u m m a ry . M o d em  courses o f  descrip tive  geom etry  and eng ineering  graphics m ust 
inc lude  th e  theo re tica l basics  fo r m ore  com plica ted  constm ctions so tha t the eng ineer is able 
to  contro l the designed  p roduct. T his p ap e r in troduces the basics fo r develop ing  a lgorithm s 
fo r a lgebra ic  cu rves co nstruc ted  b y  in te rsec tion  o f  con ica l o r cy lindrical surfaces o f  the 
second  order. T hese basics are  taugh t at the S iberian  S tate A u tom obile  and  R oad  C onstruction  
(R ussia) w ith in  D escrip tive  and  E ng ineering  G raph ics C ourses.

WIZUALIZACJA KRZYWYCH DRUGIEGO STOPNIA STANOWIĄCYCH 
PRZEKROJE POWIERZCHNI STOŻKOWYCH I WALCOWYCH

S tre szczen ie . N o w o czesn e  kursy  geom etrii w ykreślnej i grafiki inżyniersk iej m u szą  
zaw ierać  teo re tyczne  p o d staw y  d la  bardziej zaaw an so w an y ch  konstrukcji, tak  aby  p rzysz ły  
in żyn ie r by ł w  stan ie  św iadom ie  p ro jek tow ać. W  artyku le  p rzedstaw iono  podstaw y  rozw ijan ia  
a lgory tm ów  krzyw ych  a lgeb ra icznych  d rug iego  stopn ia  konstruow anych  ja k o  przekrój 
p ow ierzchn i stożkow ej i w alcow ej. T ego  typu  konstrukc je  podstaw ow e nauczane 
s ą  w  ram ach  kursu  geom etrii w ykreślnej i g rafik i inżyn iersk ie j na  S iberian  S tate A u tom obile  
and R oad -C onstruction  U niversity .

1. Introduction

M o d em  app roach  to  th e  p resen ta tio n  o f  techn ica l da ta  requ ires using  in fo rm ation  

techno logy  to  design  and  v isua lize  m echan ica l and  eng inee ring  p roduc ts in the design  

p ractice . C on tem porary  eng inee r m ust be  ab le  to  com m unicate  the ideas to  the o thers in a 

form  w h ich  can  be easily  transla ted  and  understood . H ence the ro le o f  the C A D  m ethods used



in the design p rocess is substan tial. M o d em  courses o f  descrip tive geom etry  and eng ineering  

graphics m ust include the theo re tica l basics fo r m ore com plica ted  constructions so tha t the 

eng inee r is able to  con tro l the designed  product. M any  cu rren t 3-D  C A D  p rog ram s use  sim ple 

3-D  form s, w h ich  are so ca lled  “p rim itives” and  use  B oo lean  algebra  to  p roduce  m ore 

com plica ted  structures. H ow ever, m ore com plica ted  structures can no t be constructed  w ith  aid 

o f  the read y  fo r use  C A D  program s.

L et us consider geom etrica l 3-D  form s usefu l in  eng ineering  design. T his paper 

in troduces the basics fo r develop ing  a lgo rithm s fo r a lgebraic  curves constructed  by 

in tersec tion  o f  conica l o r cy lindrical surfaces (cf. [1,2,3]). T hese geom etric  form s are the 

basic  com ponents o f  m ore  com plica ted  eng inee ring  constructions. The line o f  in tersec tion  

betw een  tw o  ob lique  con ica l o r cy lindrical surfaces can  be  e ither spatia l curves o f  the fourth  

o rder o r can  be  degenera ted  in to  a  set o f  tw o p lan a r conica l curves.

D evelop ing  and  genera liz ing  th is app roach  it is possib le  to  b u ild  no t only  a p lan a r o r a 

spatia l curve in  the 3-D  space, bu t also  to  bu ild  the curves, w hich  be lo n g  to  space o f  a  h igher 

d im ension. T o g ive  an  exam ple, th e  cu rve o f  the fou rth  order, w h ich  u su a lly  w ill be  a norm al 

curve o f  the fou r-d im ensiona l space, can  be received  as a resu lt o f  construction  o f  the line o f  

in tersec tion  betw een  the conical and  hypergeom etric  surfaces and tw o surfaces o f  the second 

o rder o f  four-d im ensiona l space.

In  o rder to  b u ild  th e  algorithm  fo r the com puta tional v isualiza tion  o f  th e  d iscussed  

in tersec tions w e take in to  account the p ro jec tive  p roperties and characteristics o f  the curves: 

the ir order, class, genre, and type. T he m ethod  used  fo r construction  o f  the curves, w hich  

a llow ed  sim plifica tion  o f  b u ild ing  the algo rithm s depends on a  type o f  an algebraic  curve. In 

general case tw o  surfaces o f  the second  o rder in te rsec t genera lly  in  a cu rve o f  the fourth  order. 

T he spatial cu rve o f  the fourth  o rder can  be  b roken  up  to a curve o f  the th ird  o rder and  a 

stra igh t line o r to  tw o  curves o f  the second  order. T he spatial curve o f  the fourth  o rder has 

on ly  one double  po in t. A ll these  cases can  be  developed  b y  considering  certa in  m utual 

arrangem ent o f  the g iven  surfaces o f  th e  second  order. T his m utual arrangem ent allow s to  

sim plify  essen tia lly  the algo rithm  fo r construction .
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2. Geometrical algorithm of building crossing lines for conical and 
cylindrical surfaces

T hree  special cases shou ld  be  considered  fo r b u ild in g  an  a lgo rithm  fo r in tersec tion  lines. 

C ase  1. T w o con ica l surfaces.

A t firs t w e d raw  a  line pass ing  th rough  the v ertices o f  bo th  g iven cones. N ex t, w e 

co nstruc t a  se t o f  aux ilia ry  p lanes, w h ich  are in te rsec ting  b o th  con ica l su rfaces along 

rec tilin ear genera trices and w h ich  form  a  bund le  o f  p lan es w ith  the  axis passing  th rough  

vertices o f  tw o  con ica l surfaces. F urther, w e  choose  the p lane  and  w e construct fou r po in ts o f  

in te rsec tion  be tw een  the chosen  p lane  and  the d irec trices o f  b o th  con ica l surfaces. F rom  these 

fou r po in ts w e construct fou r genera trices o f  bo th  conica l surfaces, and  fina lly  w e constm ct 

fou r po in ts w here  these  d irec trices m eet. T hese p o in ts  are the po in ts be long ing  to  the line o f  

in te rsec tion  o f  the fourth  order.

C ase 2. C on ical and  a cy lind rica l surface.

T hrough  the vertex  o f  a con ica l surface  w e  d raw  a line p ara lle l to  a  genera trix  o f  a 

cy lind rica l surface. T his line is an axis o f  bund le  o f  aux ilia ry  p lanes in tersec ting  bo th  a cone 

and  a  cy linder. T he m ethod  is s im ila r to  the one described  above. W e construct the po in ts o f  

in te rsec tion  be tw een  the g iven  surfaces as defined  above.

C ase 3. T w o cy lind rica l surfaces.

In the 3-D  space a po in t is random ly  p icked . W e d raw  th rough  th is p o in t tw o lines, one o f  

th em  p ara lle l to  the genera trix  o f  one cy lindrica l surface, and  th e  o ther one para lle l to  a 

genera trix  o f  th e  o th er cy lindrica l surface. T hese  tw o lines construct a  p lane. W e can 

d is tingu ish  the line at in fin ity  b e long ing  to  th is p lane  (i.e. d irec tion  o f  th is p lane). T he bundle 

o f  aux ilia ry  p lan es w ill be  para lle l to  th e  construc ted  p lane. W e construc t in tersec tion  lines 

be tw een  th e  p lan e  o f  th e  bund le  and  b o th  cy linders and  in  the fo llow ing  w e find  4  po in ts at 

w h ich  m eet these  lines o f  in tersec tion .
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3. The logic diagram of algorithm

C Begin ^

Data input about surfaces (coordinate of top, 
centre of the basis and basis), task of a step of 
iteration, initialization of the list of points of 
crossing of surfaces.

Find an auxiliary point of crossing of a straight line and plane, on which the 
bases of figures lay.

Project auxiliary direct on a plane also is chosen an any 
point in a distance, which will be auxiliary.

Build tangent to the bases of surfaces taking place through an 
auxiliary point, and we find points of a contact.

o
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9
Choose extreme tangent of a point, which will be borders of 
researched area.

Choose one from boundary points, which will be initial border, and 
second will be final.

While initial and final border are 
not equal

Build direct, taking place through an auxiliary point and point of 
initial border, we find crossing this straight line and bases of 
surfaces.

Spend through the received points forming of surfaces.

Find points of crossing these forming and is added them in the list.

Spend through the received points forming of surfaces.

Find points of crossing these forming and is added them in the list.

Add to a point of initial border a step of iterative process.

"The Surfaces are not 
crossed"

o

Analyzing relative position tangent to the bases o f  surfaces, we 
connect points and we break them into the subgroups appropriate 
received curve.

"One of figures is 
degenerate"

 ÿ______
^  End ^
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D epend ing  on  a m utual ru le(situa tion ) o f  th e  b ases o f  the g iven  surfaces th e  various cases 

o f  c rossing  are possib le(p robab le ), the exam ples are subm itted  in the table 1 .

4. Examples of crossing surfaces of rotation
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C urve o f  the 

fourth  o rder

S traigh t line 

and curve o f  

the th ird  

order
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D ouble 

stra igh t line 

and curve o f  

the second  

order

F our stra igh t 

lines
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O m ó w ien ie

N ow oczesne  k u rsy  geom etrii w ykreślnej i g rafik i inżyniersk iej m u szą  zaw ierać 

teo re tyczne po d staw y  d la  bardziej zaaw ansow anych  konstrukcji, tak  aby  p rzy sz ły  inżyn ie r by ł 

w  stan ie  św iadom ie  p ro jek tow ać. W  artyku le  p rzedstaw iono  po d staw y  rozw ijan ia  a lgo ry tm ów  

krzyw ych  a lgeb ra icznych  drug iego  stopn ia  konstruow anych  ja k o  przekró j pow ierzchn i 

stożkow ej i w alcow ej. T ego  typu  k o n strukc je  podstaw ow e nauczane s ą  w  ram ach  kursu  

geom etrii w ykreślnej i g rafik i inżyn iersk ie j n a  S iberian  S tate A u tom obile  and  R oad- 

C onstruc tion  U niversity .


