WWW ll ch. Illl lll |}'

4

AL ds) k) Se

2007 .

6

i
R

22 ) asadl) cilisla

Wy NS i JalSll £l
SUTTCIORY ARy W BN PRl g §15 N1 TenUpUiiielly 2001




A Al
> ” ‘ “ £
= . 1
= ‘ ‘ , ‘ aadl) 4
g g
c i
8 ‘ “ Al G
2 3 .

: sl s Guigal)
% ‘ 2007 LN Ll bl amd) AT Gy il
O JS Jaal daadiie AT duwaiy ddas Ol b dana (udigall
L 4 4 - -
& SRR S S
)l 2 &L
N il b (uaigal
Aalad) clBdlal) 9 DY)
0al g Gl g puigal)
RAl A sl
. gaia R ;\.uéig.d\ °
thlll diga Gudigadl @
Jeall) gl 23 el.uh daaa (uadigall @
Ay §2aa 3 gana .
Pl A putigal) @
CS daaa u.uﬁe-d\ °
ad e Jlay (uiigall o
PR e Al duigall o
el () Qlse (uaigal) @
: FEg IR A
HALABI SALEM MAHMUD, PhD, Professor 3L L)
KRIVOSHAPKO S.N., DSc, Professor 5. .
Adagd) iy
rai Y g Lgmlasal o1l oo el B dial) il gall g YL @ 4 Jile 2aa) “‘mf‘wj
Al gl o B9l " ““"@;‘
Ayl Lgiakla agad o g aml) mgému\wu.w . U‘““L‘J‘f“”“sﬂ °
Al as) 10 (B Gl 3 gphans s glag, ogsd) e
JJ—ILA.AQMI—H&YUGAMHJW‘M&J&MM‘ LBl o ... ) opigiia
Gl gl (38 5a phaal) ) B LAYyl Adaall A -
dana adad) 38 udigeal)
adm@tech.nical.ly Ohaa ) Jus Lol
Al (i Al ! @5 a3 g Aol
info@tech.nical.ly s paad) 3 gana dakald
i) of Gla) 5 VL Jlw Y T el ag
corps@tech.nical.ly _ _
Alaall dalal) Aigll Al pal L8 apaall g ac )
ads@tech.nical.ly
Laladl clial) 5 ey
é"““n auuy

Whstie o A4S jLia ol jladind ol qua 5 40800 Alaa

a’ www.altarig.ps Al Jelall 8 3Ll aldall g Al g Ual) AS 4 ‘






""-______._'_.-"'_:-
ddaall oo daal

e g Glagl Bose B aaigl Aeghall pdd Al AR L s A A A
Laal g daxi g g pad) dadl) ) day jial) 88 g dpetigl) Balally Adaall aligh LaS dilagl) cladla
& ¢ frlll (padi Algs b JgY) sl Lgia saa g 2005-10 <1426 Lw Jigd pd B Aaall cldil dald
Nl il B ) Ghll dma o il (e A Aaadl B Ly | ) aad) ) slae ) cdl g

L2 Gl Le g aill alga ABS Lgd Jand) (338 1o o oadl) (558 Alaall oy AEH) g dpatigh)

Ha dpa gaad oY) G 334 (glilat ) el CAIY) (e As gana Lgie ] alal Couds g Adal) (sl dia
tGilaaY) oda dlax e g Lgw (3laty La g ¢ g S

Bl g (atigd) Jlanall (B Canadiall (o i Lgab o Ly duig A< A e Aaa e

A5 B A 5 puarigl Raglnall a8 j3a 855 2

Agnidigh agNBa 9 aghlag) i Ja) (a Ouanadiall didiing gdandadiy G133

A 5l panadia IS Luigh) daglaal) b gigdali) 4

ALY g dprigh Jolal) ABS JS B kil o g U g Jead) 3S) e g Cmanadiall (p Jag ddn pdg5 5
Joiad) oda gkl B Craalu g Ciadd Al Ay pad) dpsidigd) Cluad i) ) ) 9 dpwdigh Slaa) Llaas 6

ledains 2a Joldil) g dlaal)

Qo321 ) g il B lally Cpnigal 1A psa ) 5 Alga A8 1) g A i Al
A8 g Slpa Bgua (B gl gl o) g cah s Ciliday ALY g igl) GLAIL Cpaligall S aa GlSaY) AR
Jaall 138 8 dpan ¢ gl ciia

Alaall b )

AT ) by Apal) 038 £ gudn (B L glaal) iy da Jile Aldaal) g ¢ LY 5 ptig] Qanaddl) ga dlaal) dayh

- A Ja g ) AS Jliia (s gl Cigadl) i e guagall ol A B

Al KN A2 ) (e Gl ol JBA) ¢ 6Ss

Adu yal) YAl (B A8 g 4 @l Asalil) (e JUBal) Ja gy S

Alaal) ) Qe pa iy 08 (B alad) Gl by B g5

Agpalad) dlaal) dsgulal ) 55 & 5ala¥) ol A ) Aadlly & gy IS Alaal) S

hiy clade 30 ¢8 uy Yisword clada (e Gfiada oo Adaall ) Au yal) AllBaY g Ceagl) S8 ¥

O JUiad) QuilS aa ) glil] oy 13 (e ST ciladiall a3e 0 Jla B ged ghand) g Sl a4 Lay 1440

sl as ) dauds Ja

Aale ddua; dan Al gl Ja) O cdad slal) eVBall L) miad 6

Agdigl) g dgalad) daall dada 5 gua (B Sigagl) 9 cUal) 060

| gl Aduall &gagll ol JUall jdi pae gl pdd B el ddaall 8
i a5l

iligall A0 B ypead) Sy} Juady

b wN R

'\,




‘)
2
X
3
2¢
L
3.




OSSN i i

aacll

Ld olSLS g atsls (" -
gl Tt 1l |'..- .I... |

| °"h;:f; 5 laranlly sLSLEI @) THIEN 5 i
ilolsall .

Plasz )

uasa:.d\).iﬂ\\}}:ﬂ\

WWW.TECH.NICAL.LY




A
y

Selskuid] § odideld 9 yUall il i dutuiichd | dedin

&
A4

10
12
16

17
18

19
20
20
21
24
26
32
44
46

48

50
55

57
61
67

83
88
103
135
137
138

139
140
142

Cpliial) dpapals, . Basa Aoy Jal (e

(A G il psinea

?mwﬁﬂameid.\b 1929 ats

(A (pab ) kY

11 (AN Gl 5 Ll o

) cilal) ) sladi L Pl il

AT 5 digl claiial) alle

..

i guu g Sl (gan5 A Ja g B sy (Bl G gal

any A Cuaai ol o) |, sld (o) o) Ay

(s (g sl sl o B

M\Jﬂigﬁs.\ab At A g cYLaiDU Lt Alaa

Gluadlds g afeldl

Gl AS )l e sl (5 Guaigeal) 2

udigall uaddl) y kil

Al cila

Y clal) aladily gl || b ) aSatl) ciliscla

b hiall cada Jand) gL A4S 4

Al A 5 ka3

dal gl (a8 Asadlea) 3 lanl)

AL NG

M‘QW\M&M”AJQJJQJ\m

Y] Cilhat) s ol Gusla

Asladl eNLady) G g usa e A

AUl Jasa pa Jaladl) cilyilSal 5 AP J) o

AU £l - Gl A ra | Alsaa) dralal) 43 pal)

A Review of Solar Desalination Sl j3 il

1.QM.S Jalsiall 3352l alka

Types of frequency meter

WITH CUSPIDAL EDGE GEOMETRY AND APPLICATION OF DEVELOPABLE SURFACES
Aasill g GEY o pall e g ydal) gl @b

il g A alle A 300a 8,80 Spintronics 4

Lo sl 0

ila hrall il€adh e A gual) LAY S ¢y Sl

HSDPA 4 gaaall 5 jgal clibll Ja 44585 sl

X2 48 s GB25 ) Jual (51 5% el B

A Lyt g ealal) Eiad)

ddkdl fad adaw (4

ﬂ' www.altarig.ps Al Jeladl 8 330

ki g alict @M\kﬂg



L el AY
o Ll o
EY) |19 ‘R_PL“\K&Y\
o:ﬁ.& ;\)J k_LLuAJ\
—d A
e gl
3 el A salall
Jsbsi of 8
i e iaY)
LF.&}QJ cd\}.u_l\
s oSl Jas)
Clal aal jae oo geeliral) aad G i o
edelilla 2l o LAY e o 48 Jal djlay)
edo il 68 j0a 53 iy Bapaall Al Al a8 e (33U
(ana Alaall 5 a8 sall (3L ¢ gl ey Ll any

L B cdlaall aaadl llall

Lo tLaiee calelt (F W) e (S Lad cdadIS (e Cuind
) ?1aa 58 ellan 3
o) el DU Y 8 aalia 20 5 Lad
Lagl @l aa 5o qpall allall 8 Cpanadial ) 4s se
Dsud ad ¢ 8 5 gl Jlaall (8 GO ) 4 e
S iaadid) &l e JUEY) laie (K1 14dsa 408
Juiy e € G (5 sl AAA Aalall ) sliall
un\_ﬂ\ﬁ cL@.’"\;bﬂ \J.Lub_a Y\ g.s—‘“‘
5 Me W A2l A agledl 2y
slig) Al dalan Ll 5 ) suall
e Faa adie e )5
N PUNPRL PN E g K PPN |
= alaliall e Al 8 o slaas
Jsa cliVlie 8 Lgie Gaad Ll
(s AV 5 il

Jealis A JLaS) ) dalay o)

Ese\xti‘%‘% \

- P -

dauy 4

doaliidy)

@l g sl 318 ) cile sl oda Joa el 8
alaial 5 cilobaadll culd 8 LAY o SLESY) ey
LUl Jlae b 4y el cilgal) 5 dalall s Al
s ) Jsmasl) Jal e cdlabaall sda il yyaian
6 st e shaall dad (sl (laiy) CiaalS (8, )
Aad oSl e Jpanll 5l el jpai€ CAA Ao
iad e Jsandl iay Lae ol jpiiall 3iSas dpu
Al aatl 8 ol e el dielias
Allae e eyl )l @l el Uil g cald Y
JuaS) x| ie 2 ety Co g 4K 602 Liipalia)

o S L g e gmatll US L 5 clina Apaliay)

é;\ d}‘}“u)ﬂ\wdﬁ.\.u ‘Q\M\wd}MUJY
(o5l Lllia slae 3 ) i L

a folas sy sl (a2
bl b 558 il e sl
ol Sl ) 351 ca s
il ¢kl dun e 3 LSyl

- C)—““u.‘})—’-‘h e 5t
e Y gl aai b Gle saladl)

L L) alillay a8 ol S5 L (e
ﬂ‘-—\hw@f—ﬂumub
545 o8 e AUl (81 clllia



Va,lanall % padall el I Y g

L el e et i Liged cagaa dantia (p ozl DS
5 odmaldill 35S 8 (S Ui paaadl 5 clgal o Glan
Aaal) 43 gall (Gpand) agdll ki i) Ll <l e
J_\S\u_.‘n me\‘;cua‘)aj\ ¢dalall Q\.u\_)ﬂ\ Ok

.;\)ﬂ\c_‘u\)ﬁi

fag Je calY) dalas g3 pdad Gl Jf ¢ Lagad (1
EM\dﬁcdﬁac\h;\ﬁJ\&\d_}q\uﬁchh
)mgud;}‘duﬁwﬁygéhd_m;d‘\ﬂ@)b
@L»)Ag_usd.c\.u L_m.a g.r‘j‘ cu\ﬂ\e&amw\
dal e LY e dllie 6 Y ol yuaia 1S (5 A
@mw@w@qﬁuw\m@kym
s dal e e dallae ) Yl plisg Ay A oda i
i) aay 53 ¢panadidl Sl 5 Jeall mlla Sl
O S L ad (Al ¢ ua i)
Ayl il 5 o) gall
Iy ey laaas a8 sl AW
O9d e cAding Sl 85 aa
O e Ll LS ) dgabia ol
A 5 i GIA o 3sha J
Lo 4y a5 Of g Ustiesall 58 J sl
Sl 138 () Adal) e
Gl jesie Uil alal (ol
2 S Laa pad o o) Lialas

AR ddaa cpa el dand)

daaliidy) dliud e

e i) 28 o S gLl Ay G o)l ) sl
L\Ay‘dﬁuﬂjcﬁ\d\yeu\uy\umu_\;)m
M\&\u@dbdgmckcgﬁ\oﬁm
A_Acmjaél\ Ba0ate Alalae (Liililas muad 1 S
Qﬁ\ )sz‘mb)l\d)ﬂ\umé\chmum
u‘im;‘uujm}g_ﬁ\)@d;q_\u L@J;
e Gisdin O g B Y (AN gl 5 el 4l
d_)uu\wé\jcbd.hd\_\;\:ﬁs\wdmy‘;\é d_)\sl\

_@g.ﬁma;}p ds;_ukélda&h.md\

033 B U ol 05358 G cpn Wi g Y i
Lf“u);.\l\u.agw_v).kuu\um} lirad 28 g3 ()
dJ\A.\s c4.31+..u\ J;L\ujs,g ccl;.ﬂ\ ;\.u.}\ﬁ ccA\Jl\ u\:\.Lu.A
o pald SV e <5 S Le dala 8 S8 ) Las
e i ol Sy ST 55y B e pla IS JBY)
sl aa an I 8 ey (e s Jlae
LU o dgmand 5 8 il )

ialS) a5 Baa iy o

Eradl celua 5 el je OY colinall
S8l oS ol b i Y

Ay Jae et ad el iy 58 X 5o

418 ‘h‘)g_ﬁa}il_\.‘o‘,a\a.a‘)‘)m‘);ﬁa‘gi

3l (gaati dala Auldiiee cilalys )

058 S5 lall 5 ol Andauil)

A shYL (e 5 Y 5 (a5

O dlSs B8 Gy sl Ll &y
Gl - azilibiie 5 (el all gL Ll
Srall elia o s -AalSl 3yl
Uslee e Cali Ua cadlal 5 alal)

a’ www.altariq.ps

Tl Jstall b 30

wwu‘.zm‘_g,udakﬁg



Al A

www.linuxac.orqg

di.'\.ﬂ\ il s )ad

& AU -8 S-g@swi~PHEMHN O r=Q

o v b oS ] e

Y BCEE e P
Jas¥! pfles afiiay Lie bl b33
pr s e Yy
= ﬂ‘q
ﬁ}\ @ ud g ol Jo o>
Arabian Linux
B e efleentieatrrins Wi S )
o] it ]
r e A e e e o %
et e ] o
# il s i sl at e e Fre—

et e L
et Sl s i el S ol S el o i) B s e o Tiflin F pin L v s
tial JAa A o Rk e A AL iy B b ) B B £ - il AN ai8 laanl TRELLA L8

T T }

gwww.altariq.ps daaa ) d;.u\gé AL,

@JM\JPEJM&JM\BJ&“



Al A

Jadl g ¢ ddtsil) ey JiaY) Jaad) oA 7 gidall juaall
81l uaiall gl pdd) G Jabgial) yghi lt A
A ) Al pgead (B S JSn aabey O ¢Sy 1)

2006 ()

The
I inux :
D ocumentation
Project

a’ www.altarig.ps  dsasd dolall (8 Bl g bdiall g aladll 5 Ul AS ‘



o wowaltariqps Lo dslall B B el g il g sy Gl



o wowaltariqps L dslall B B a3 sy Gl



S WRIICIFRL (JET P

R Vvl | [V

2 &,;.23\..::\»_.'.;1\;53
.13-‘190!)&‘

gl oLty all 5T

: 1_.._&.1‘9'.&1{'-;}'1 doao-
Aol

..... C\:.J'I :.L,Jcal-'.il

o wiwaltariqps L dslall B B g aal g il g Asya Gl



11 gl 2agin g =g B

i aid| e LEW iD I

'«.,.\‘.'.c-(..,....as' ol Ll - ol Lelul

L 4yl

)
3. |
3
':}‘ .
3
)
3
*

I
@




1

=) (e IS Cas il
Claaall g 3 3 el cilar Al
Jlac Y ASH anall (e il sSall
s s siall o il glaall A
Cilarally eyl o )y
Sk 600 s (e At
&8l de 50 96 6.28 Apiy Y 50
3 oalal) zal nll H¥ g0 &l jule 210
Slaaall _)‘){Jé JI_AA 180}
¥ ke 90 s Ay L)
clead o o (8, dail) cleadl)
Dhle 120 s Ao 3 saiu Aibyual)
3 eay) Conas Mo lad ¥
1500 s il sSall s lazall
Ol 450 Lgie ¥ ke
s Y i Uy e a gl
sy DY Jile 7.187 s
L Sl g A€l 3 3eaS Y s

s AY

Ul elllia ¢ alK s Jo
Lo d}‘u..d\ c:ﬂ:ﬂ\.a“)ﬁ‘).ﬂ\ Q\;\ﬁ:}[\
5 epladll 138 3 Jaall 4 jlas dal
O ) clelhdll o 3K i
il glaall & Ul S HAT s 5all
L EA i NP NP il
L) 5 36! (e LS e ol
Cilag ja’ 331 5 g yall Jall
O 4 aad A Bl g
O3y 3 3gaY) sda 3 Cplalall
25 sl 138 i 55l Bl
d_ﬁ ) ‘)..g_.\ﬁ\ )&Y\ (AW (r“:
SN (8 Ak jlall A8 yal) g A 5l
L) oda JS 54 el Jsall (e
e o cplelall s ) sty
(ol a8l By g e Uadl)
Jall e (Alad Le ) caliay Aol

1aabiad) el JIKE o da yall

L

Gile g e Aed PLA 4y
Gt Jal e Al sa 5 Apall)
fa i iy 985 Aoyl el
Gle g piall Jag b (] resil
ALl Aty Adlatal) Ay yall
Yl Y g Gl gleall 4y

e @) L ks 1y
S sleall L 5155 ¢ L Lad
e GLEY) O aad oy
Clal 5 il glacall 4 ¢ LLad
ot Al Alle latiall oot
U zling J15e B sadl sl
sl O (b 234l
Leali Jsadl o gl (e s
Ll 5 3aaiall ¥ sl a5 ()
el e Ll ) jilail g Lty
e G s o 2 (o )
e G A ) Jsal Gl
raas G,Y) Laali e slaall 4
G sSlly by A prn Nl
GBY) s Gl Al 5 <l eyl
Gladia (e Ol jalall e kel
) 5 Adapnd) g ddass giall Al
& b bl Ggia Jsn of JSAL
alal) 3als (e Y1 Al
Ll (35 50 Lgall Adapuad) Ayl
L) LSl a3 algdl ol
sl diad (s (A (o JSI Jsa
oY) Sl A el

Al pad
bg—aall oy o
e 4ld Al )l
) i o pal
syl o @ o))
il o el
ol gladll
Ll Jyad
sam e A el 8
U giall Al clatie <l jolaa
AU LSy el 5 2 0 7 dpeaiy
sy sl B Sl

i g 5o i ) y
syepey O

gy gl 5 J sl

u)&‘g\ E) ‘)Jz.\j\ ds‘.ujéﬂdd_ﬂj
sda e Blaal) e ‘);\:ISM 4alia Ll
At Ll JH_)-A‘Y‘LL.\L‘)AM‘
b O O)l e e Jals e
\_.‘\;)S).\Sﬂ u_”\;l\.d\ c&\_kﬂ\
aal bl Sl &l cla sleall
‘rmu»ﬁ:\acai\ss\)j ‘{'ﬂ\ﬁﬂ\
D saaaal el o il ¢ 2007
Sllia ST dale daiay Cila gladll
s clibany) 5 JB,Y1 (e i<
B a2l 8l pna o e
A day @l el o Jlaa S
S Cualy Lad V0 e d
G padal) 5 jeal jLa)
il en o sake 80
ol gell Ja g bl 44U
e oS s (552 80
Hail da jd lllia <l
20aalh 55 e adll o2 a
Aaasiall Jsall &l ya) axn
S el Jeall e leallal
583 e ) ol 5 Al Jsal
EJA.-\:S\ XYY déhﬂ dad i Q\_“u\‘):\.n

ﬂ' www.altarig.ps Al Jeladl 8 330

wwu‘.zm@mkﬁg



gl e o sisal

B <

N\

4’ www.altariqps e delall b Babgll g bdall g alaill g Ual) AS J




PlaAdra Gl gn)ode

HDTV
RESOLUTION
&Y e £ luia alle
X 480720
X 1920 HDTV
1080
HDTV
DIGITAL
CHNEL AUDIOS.1 HDTV
( HIGH DEFINATION TV )
‘HDTV
CATHODE ) CRT)
RAY TUBE
LCD %70 HDTV
PLASMA TV  LCD TV PLASMA %63 TV
PLASMA HDTV . 2008
CRT ANALOG DIGITAL SIGNAL
DISPLAY HDTV
:RATIO
)
4:3 .(AUDIO
WIDE SCREEN
HDTV

16:9

HDTV

| Qiladiall alle

L4

A g A

4
-~

gwww.altariq.ps Ll Jgladl B 3ol fldiall g Al g jUall Sy a'



e oL Aadia o) Jaly (IO G e A e
Crianmi Liay) LaS oly alall oliigne 3 of oled ga
aal Jah elilale Gl gine canad 4il€al 4l
Gy Lagd (A iy hil)

( ) CRT
LCD

REST  4—e &
(Representational State
Transfer)

Jsb Ak sl dead all g

Docs &

wlhy o Saaaalls aaaldl
Al oSy L s 25 Spreadsheets

(s8I pa Gy glie S agla
Gl gen H8l o o ‘f a@.‘&c‘y

2d e Lgidle] 4l
JUIPPEN

el e Jaally caels daaall oSl
What " 4383 Cadie) dua | Ciia 5
Ol =8 Ay " You See Is What | See

Al o 68 (pa adde JaniCagule 5o

aeaddl Gaan o) sl cuilel dasa Sha i e
Lo 4L Jae Ay b 55 clalal) 5L s )

Cilaiie 300y Gasmill ppae— Gu¥ Syl plel N
ARS8 g daddll 028 () a8 siall (e Ad) -~ g0l A4S
Ullas 7k <o Ll Cum CodUall g )l Jd e
s e Ll calel Gigal (81 "Ailed) Lghy pa
sda (e dmméﬂdjédu@maﬁdﬂ\wcﬁ

) L) e Y 5 de ghaall 4 sl

F\\ Adobe
PRI Gougle [l

Microsoft L ™

L1 LS 13 5 deasd) oy il -
AS i Lt L) ) I

16:9

:HDTV

0

o4

Y G 5¥) gl sl (ganiall g Jasa 2y ol
dasa Claas jaal O axo - G S ) (4
O (A ) A4S Hh e e ) a8 Y (5l e 5
Oedliall a3y Jan g5 3S0e (Bile 8 Lae CaiaiS 50
et oY) Q\Alq),}_);ﬂ_g c\.&.\\‘f&ﬂJuﬂ\Mh_):ﬁ)ﬁ‘f

sl @b ge il g Al

asaill jyaa lagl p8 e el 4 cuile] ai@
eling pohi 8 ale Cudiel g3 sBuzzword Sedl)
G Ly yoads el Clead ey Al paal) Lgiydas

@ o a5 )6l caldla e S

Gl das o SHL waadl (e
b el Qi A Bags ) A<,
ajax13 (e IS ligh Aardll oda b o
At 4ead judsiy 1 sdiZ0ho
L 5. 0n¥ o) clalall o jlasyf
288 () 485 D o) 2 s Sn P
Microsoft 4was # b oo el
4w 5 Office Live Workspace [ ==
O Slalall as Hlia 4ilSal 8 4gslia
0y a5k i Sl Y
o el sl e Sl

g._ajai" ! C)L Lfﬁ\} <8
Mok oY

)Adobe 4eidll aBsa Geuai LS
Labs Share http://
labs.adobe.com/technologies/
| Ao 40y 325 4alia i 53 (share
fl . aeadinall Clile o 338 Lags 2al
"‘"_ Aaie Y b gal 4edd el M g

| b O Livna s e ol iy e

Clilell (e 4niia ) 2 o) 4l

ﬂ' www.altarig.ps Al Jeladl 8 330

@JW\JM@M\Bﬁg



Al A

Lia y a2A0T Co g (S AdHAL] Glubial) aiat 4
Y5 Lin ol oSl o aaiad Y Al cila all g5 ) 48 ja
e slaall Jali g Jagd 5111 e e shaiall 538 (pana Ji3
randl 8 Jrdlly @ Ll Aelinm CIS 35 (j2any fay 81
ol (ALl o) @ Sl Al eda puska e ) (5 da adallE alaily pai il g o s ol s o Jais
oS Gl g ) gl G Gaai dalall Gasudeladl (3 jie 5LS 60 Ao ju pudd 4lald Gllia
O iy e cuS il @ e alaal b odal@il) 134 e
I«ﬂ‘)dﬁﬁ)@a@&uﬂj&.\ahﬂ\aﬁtﬂamﬁ

sl S (o e L) Sy caag o e LS Gl ST gl Y e

T s A T (s Jsliie 8 a1 ol (slé 4l Jundid ¢1a
)ﬂw\uamj\;yasﬁua)cdmﬂ\ckkc:ﬂ)}kd\ - . - N . ..

. . ? ) 3,5l oda o ghaty (LS 5L (50 (e sl a5 s

D1 Loty il (355 3 o DI o ol a9 G LS R e S LS

Y e S .4 : L. Loyas elaaii Jo aall s aie Calgials y<all,

L & S0 Semae (5 a5 80 G, 00 sllly uadll 7 TS )’H\ Lo e LLm L
LS LS 160 Jon ladind o 508 Sl lapa 64 27 TR PIE SRR (o F e =R LS

§ 59 S a3y e A il A 3L e O Slebal edsn g e o o SIS o jyda3 s cla

AR Jloalls Alal) 5ol cilaklil saal 8 abia

ORI ETTEGT Jat i Lagla 55 53 G Ll o) Y &S

L ol iy ol gl 3in

g Sl ey sl e Ll aaies dll ol (Y
Tl s, o 53 JMA (e aSaiall ga 3Ll 236 J) e

ol e Cla i . b a4 ‘ e s 3
)S ol uAt—i.)JC-’JL_?JS‘— K| }A@MM\&J" s X\Q‘ﬁM\A_,.\XcuzJJﬁ
o e yu JlE o saly eyl 48
oy olall s

‘;_é .w - “.~'.~n b;\-A . ! 5
e Jlo ) Slea ot Y
L"é,.})lﬂ\ ‘:.u\_; Lﬁd_;\ L_Ac Cadia

. \AJ\JJ\ u.\\.d\d;)dc_\.u}

2, e i s [
SN Y bl el c}».a‘g morssive, paper ks dapia
T OT AN RS DR PRI )2 Porfectly Portab
REPRIA e @ 4Aaladiu) :%73.\\5.4\ (03 Holds Volumes »

)4 Thousands of Ti 2= v e . . o
3L Bl Jaae sy o) LS bhigusspiont it L === Lf_\.\s.\.-.u_' L“_s...\_“{%;u J:_“ Gla ge
Wlet 1,25 Ll Refresh Rate [kt Il S-) o JHd) e sy
- Ua});-d\ k_;t\ﬁ\ O\da CAAA:\ )3}"! )6 Accessories » B e ?A):‘S c—\ULJYU QLA}A\ oA ¢
BERI BN PR HPINSWPS (7 o r—— o B ppaa syl Gk e

8 ndl Lyl i)l 528 s
Dl L) Jls ) o 585 L

Lalall (e de gana (o ye -4 3 )l i
PDF — RTF — JPEG - Plain J—<B

Sl g_aby\usudmmjthc.a&)\ﬂ\ u—’L' Te)(t . e e ]
;“, j’d‘u&“ ’ “&.,‘“, “‘“ﬂ, TT sl e iy Gkl alls aaat i Lle ol Leldas,
el Fot T P e é'f”“‘“ds‘“; el o) ) Al e el jaat Cagu i)
Cilasa g u\ﬁu);@;).\.&.d\u& JL@AJ‘UQ}J e.:\.d _)Ji\\._'ﬂ_d\ dﬂ\w | Lia <
U G el o 28 e 25 Landscape (L 48 4] ]w“*u}x;@  43l) Lgiale ) 5 Lgiallas
465 Alia) (gaa 5i5 . pS) daligy, FIT AT W (A el e
HE ASa] A (i el 8] B8 Aty Al Ao plaiall o3 i il s Jae
Lleall an puall 48l Jaall (e (sl (S s [REX i .

o o i e 3l L o) Sl o2a 8 2 aing Chgay

MEMs MicroElectro- sl dalite &l g i<l
e as AN adle s Al Mechanical System

gwww.altariq.ps Ll Jgladl B 3ol fldiall g Al g jUall Sy a'



gaﬂ‘dm‘)&‘)\p
GlS A dgreea B 3 4 gual

ol e guadll 3508 o 4169
) s il Jlas b duaadidll
g A e g sl i iad
AL e JS0 (o )l iy jas )
s ad sl ay) clagila
) A

33,1 sl e sadaal) jled i -2
et ) Bz Al e L)
bl A8 5d (A Jalall 32 ol A -3
Aa,y A 8 a5 cyladd
Leanlia 5 AS,a0) e jaad Sapa
S A8 Al deat dal (e
sl

A e L LSS DA (e-4
Lo (4 aiga (5 U8 clllia 0 atic]
Dt g O S s IS
5 YLDl Lud dlas Jhe ddas

A
sl s

S Aladl e Ugdand of oS8 da
5 ySall sda <yl ca S g Sl
Casmdll a7 a5 8

dﬂe JLAGi JU-A
ia b de b 5l G el
i S IS5 daal 5o )
el ad b ee adl g A (e
YLDl L 48 53 4 ode Y
9 E)iﬂ\bh.k\_'\;)la Al
S U8 (e Led S JUd) Laa
Aelpay L caudll 8 colal ol
Lia e S il daali 5 & jidal)
Gl g 8 Ll o) cals

g\ﬁi;&\.ﬂ:y.by@s@ebd\

L g

A e

o oS kil lael 3l e
e 3 oS elaall jlsalllia
5 YLD Ll dlae Jee (30 8
Uaally a8 Of o8 Ja sl
48 )5 de gulaeS

B e 3 sa
Al 5 Ylat™ Ll dlas
O3 il G e s gal)
Gy Le JS 5 YLyl el
sAdaal Al aa gl Gea Lo
5 ode 8 (8 dlgd pull Al
28 camaal) Joltia (B 5 Hsna
uﬂu‘é‘- s&w\JﬁMﬁ
Aa sl Ale gunsall 5 la glaall
(somlaes ol cld Al a8
5 pasadiall aleidl Laf j Comy
AL a8 A e cparadial e
i o8 Adlia) Cile ga sl e
il 5 eYlat¥) 5 Al Jyia
Jsaall ol of (S0t 2 Sl

sl ol s el pilall sa La
fic ghaall o2a
el e ST elllia ey diga b
e—'&d} s:&_cﬁ\u\cfn J\M;\ ;\)}
Ll 5 Ll 3 Leal 53 ) Jael
o alual o)

(9 eNLadU Lyt MJ“':‘?AJC’}

Lleal) and (e iYL g dyidnl)
Bagaa B ol cullhai) (g d adeY)
s (2 Lee o 0 A
3 o) o ) pal SSY) sl
bl gla g, Una aa oh La agal
slivcal Lo 1A (A Jlaa b
Laal Llawd 3l A A
Llaal) mal) g eladl Ly
7 LasS cU@A&jﬂJJMgﬂ\
dag g Apddnl) dlase (g b dae
alad) G diall aa (Gacsall (eadil)
aladl G pdiall B jles) 3 s dadd)
é:ﬁ‘ ‘aLaJ\ JJJA."\.“ QLS M ~
Aphag Alilie gh Ui dlaw
e Ll Al sl edllal)
) Ulgay aie ot dyay
J‘méj-é-‘-‘f-gai-\ég c‘aq.,\fls-ﬂ
Gy g a S o B ) aie )
.J}k.u.“ oda L.&Ad.ﬁs.l'.w;l;"é.ﬂ.ﬂ
@2 sl g cagia qua i) ary
dad) e lla ¢ JalS (S ALl
Slan WL e o 3 3l
Lol e Jues 328 0w 9 (A
Uity JAa AR g eNlaid
GmJJ.LAC’A“.’M | Jleadl Jaky
0SSl dusa ) Gmadld G
(b Clalal) Lo o Ly Bad g 4 s
Aiinl) g elanl Lot Alas
a&)ﬁjdﬂgﬁ\)\gﬂ\ W sy

Al

ﬂ' www.altarig.ps 4l Jslall & Ba

@qu‘.zm&mmﬁg




M eL’J\ #A—d\ dﬂ.}JLﬁD\ -\\)A @J\Jﬂ\ ;L’m u.dﬂ’)Aﬂ-

PC idas (e sy Aladll
dge ) Lo 128 5 qmagazine
O R ‘;U\;Q,\_al\ OAa
foaill Claal oS 58 g Ledla
I Jles) 3 40

Gling o) (Yl 8 e a5l
Lo Lt g LiSy ‘;"\J\ Sl el
PC ilaey sl ¢ 55 adlall ol
O Ll o salai LS magazine
Gl ey dlaa Juat¥) Ly
Laaal 5 5oai (o pasad o
Lire sladll (s e agd 5 S5

AN S e Enaall aie
Laga (M a5y Liae o slall 53 508
sl Leaid 8 e i S 36Y)
a3 Ylai™ Lud

d)L) JLAQi J‘JA

e Al QU o aSile 84, Y
o Al Ul o juiele Bagaaa
5 Yla™ Lud dae (3L Lgald
G GV ) e 4l LS Al
DL o (b a8 5
Calide (pm W g paa 5 ddladl
i b sa IS8 Ulay el sy
c‘)ﬁ{_ALbi}” =l u.AJJ..;a.LQS
O aai s 8 has8 4505 3000

L

e Al § OYLasW Lud dlas
Uity ) e;)_"\.} Lﬁu‘ 4 yill HJA.»
O Agelaial) Linpl 5 43luY)
Al 353 e da

a5 (8,0 e bl 2y
S 253) e sl Jeay La ks
Caliia Juol 5 318 e S (S
e o Gespsea
a8 S8 Lyl
3 Leisian ) Al LS Y)
Al 8 ) gasi il dlad) uled
g

Lo Alae s ) Calaady) o L
Sleiing Jal oy duiill 5 Y Laid
S s 3 e

il 5 alaal) (e ayaell elllia
ablis el o 2l of e ) L
Alu) o g adadll calaal pw
d&lg\ﬂd}cu‘)..mﬂjc%}ﬁ\
ar=ll A aluay) I3 s C_...'aj
= =Y Jaa) - Sar 5«5V
sl ol pall Js s de )
2 8 G ) e slall s
b 3 Janise ol

035585 Gy Sl Aatidll b il B

Lelia 5 alall e WShaa aie
Lo Alaa 053 il e il
o Loy il g cyla s
adadie) A Gt 8 Lo s
Aladl) Gl gl g 8 Leale

d)lg JLAQi A ya

aalinall () 51 pom g e Liel
LG Gl sl elllia 055 G Al
(2 Al Do guin 5o Ll ¢ i
LsJ e—h\)“ )L}:uﬂ‘ u\i §¢c d_<.
ol sl g a5 O L i
it 5 el il laial (e 3 )
(e ST Aladll ) (5 3 LS
sl (Al ag L 5 Ak
Gaal Lol LaY! Had 3LalS s
AT 8 geay Gy paill Jal (g S8
PR IS PHEN

e ilal) 138 55l llgma il
Cian ¢ Adia el il sall S
laa al s aladin) elllia of aas
ol 5 Lo 580 e eyl
U e V0 Y lada il 31a
8 all Gl e duaall
CAAJ}L.\ASS aall 13a @L&J}J
e JS b e i ded pala b
Oaxa el

JS adgd ) 128 (80 cxa alad
OF clall Al pae 4niy Loy S
aalie = 5l A (e il maaa
5 e Jaladll A4S 5 aulall
@i le s dall 5 Yl oan
A S50 13 (8 rcile glaa 5 Ay
o ) Gaal e iy iy
e VLAY o Al Jlaa
Lo 5 S glsll

s S, 1 el Lila
Juelaill 4 e Al milial iy
Laa ) 3Ll e o i1 5 canlal) aa
Al ol dpdil) Lalill e ) g

Sl S E ey a g elal )
Al alle 83 hdiall Ciladllll
Sl pally i

b o lia a JA (e 14 3

ﬂ' www.altarig.ps 4l Jslall & Ba

Bkl il ) A8, G



laie Sy 2 KU 38 g 0y 51
G e iy A Ay 5Y)
Lsﬁ Lu\c.e“d&dj\f@});ﬂ\
Ll T crlee Jg 33 ouba)
Lilee ) Ayl ddadl
el s aleal) and 8 w)l\
A, b

A (e duaall )l s
Sl cilaral) e U ghians of oK1 Jgd
€ 48 5l Lo

e yall s & La i M Jlas) Al e
e Ol Cosus eland duigad) )
43.\5; k.?““ eqa\

AAE 1 ) () g oo dudiga
Lalall el (pe G gane 4S )
g EY) 5 Vlasyl Jlae
e

Dial up <iled) jue < i) -1
ADSL 4xas -2

.%A\ Glaad-3

Ly Lall o e buV4
i) Jis -5

Y dashaie yie cayi iV -6
Leliall

A )linu) Glaas-7

B K AL oda Glia B
b elall s pal Al oS ) g
Sl JLAGi A ya

Aal) o jRal do s oS K
s.pSilae ol 8 ae Jual sill da b
ASIL (B G sl oS el

L

A tay o
= eyl
‘“2_1_'@3 PO
[V S W
=gl (e
el Jal
=i Y s
)}_ASH LJ‘
2y o ls |
L llgd o
AV ) 5ald ) Cpileall an
seanly iy 8 axe (e ST B
Cladl e s lde (ol 4l i
Glaly (Ao HuS JSI el o8
5. )il 8 alai LS cldle )
Jeiendll (3 S ) a3 o e
) Al

Dsbat o (58 53 ) B, 8 L
Cais 28 dladll o) Jods STl
e L)

dﬂe\ﬂaﬁidb‘

il Y1 Gmall (e 4l aficl
Q&Hsmeg-ﬁ‘o—.weﬁ)o—c
lllia G 5S ) PS8 () saiga
Gy dlaall auly 5 jS LA
Aiee 8 5 et K Jeas

el Aadl) 5 VLA Ll Al
Lol 48, & e A @ie Ll
de yelllia Ja ) 5 cylas
A o dal gedS )l 4
¢ ol Al 2083 aSile (e
O3 Aina psal (o S
R RECTIY P
d}L}JLAGiJ\JA

i€ o) Aadl G mal o sl
Uitia Ll Y1 28L8N0 e 5 y0ba
5625 (e co i Lagd JalS (S
Sy Jaas el s (o Gaaay Al
sl G rd e AL S La

2y SN 2l e alla) 84S A

AT g LA L Alaa 3 (Y] jute 38 dasa plla (udigal)

DJMLAMAJJMJj‘fw\ Aa=ll
Js¥) aaall LS a3 5000
L AU saad) Ll dada 000
Ll ol 5 ddain 48 5 a8 L &l
4 50ay 20all 138 e Jadlas Co g

OISy 8 B3 o et dlal

JQ_,J-,:M Al e Cuaall aie
‘L;“‘ gsJ‘ Lleay LAY e dnaall
uh}a..aj\ J_)_ﬂ‘fds L “JAW
ey S

djé JLAG\ Jb-d

Joaed) 138 8 2e & a0 of al
5 Ol G slaasd A iigall
Gl gmall (o Gaalhy Ga pa L
oMl dass oila edigall ga
D il Gacddadl b ey
e S A S Claual)
il il g Clel Y A Wl oY)
Jas Ay ) cilS i

O e ) i plasl o
O cdnlad) e Cilea a5y
ok Gsuledanh
S sana S sina Ga dlaall
il S L) 5l idgs
= a5 0l A La 5 ad gLl
e uSI lllia cailS cLalalis (o g
o i 83 La Lgia clilads ) gall
) Al Euaal)
e Cuaall A rasaailaa
e ad & (adVh b seall
GRS el o B 0
Alao Ly (L agladl) 2 yia
Clal 8 45y Liagf ) saall da

g www.altariq.ps

Ll Jotall b B3

wwu?zm@mmﬁg



1990

RND" Research
And Development
RND

. 2003 2002

1999

a’ www.altarig.ps Al Jelall 8 3Ll aldall g Al g Ual) AS 4 ‘



Al A

) el 12 ool jam

o wowaltariqps L dslall B B el g il 3 Asya Gl



Effectiveness

a’ www.altarig.ps Al Jelall 8 3Ll aldall g Al g Ual) AS 4 ‘



npalld adVl pady clilslsl  ,@)

-3 www.tech nical. gi
2 ‘\ tech Lly
L L)
2
4
-1
( )
_5 N
)
- -
-6 r? )

ﬂ' www.altarig.ps Al Jeladl 8 330

wwu‘.zm@mkﬁg



ALE A

ﬂ' www.altarig.ps 4l Jslall & Ba

@qu‘.zm&mmﬁg



}
(5) {
( )
( )
()
-1 €
-2
-3
4

a’ www.altarig.ps Al Jelall 8 3Ll aldall g Al g Ual) AS 4 ‘



(organizing)

(

Environment

)

(
-3
Environment Internal

External -1

Environment

ﬂ' www.altarig.ps 4l Jslall & Ba

wwu?zm@mmﬁg




L

-1
)
-1
(

-2
-4 _
-2

-3
-3

g www.altarig.ps Al Jeladl 8 330 fldiall g Al g jUall Sy a'



Controller&dDriveCircuit:

fo@N@Viachine

1725 4w & 4ali) ) oSas
iy adalyd 25Sle il Ladle
Aiia a5l 5ok oo L Sal
aiga e dgull el sl e o giad
Cile ela & Al dlli b o
1863 4im A Sl sy il
558 uiil alaial Jiey OIS G
Al gLl bl all el allal)
Ol Al ALE aSala 5il o e
3Sla ol Ag4ia Al glae J 5l cuilS
Saiaiy sl Lgh yai LS by S
o ) s a8 Cua 1947 4d
e (A Gud gl 48 8 e
34 Leie pasadl Ay il
oAl el oY) day yl 4l Hla sl
Glaiay Lol 4y S aad o

et | Tt | g

el | 10 )l

ol aladiuly asdadll mal o Jolii San ¥
psadl) cilisle o ggha 5 (A Al (G0 O
= 1) asaill clisSlae Jal (pad ale (88 ()
il el g asaadl) gal m L) cia A
domaslls Aalil) o) u8ad (e 2L Gulal)

AdSan 433 adf )

EEENPE PELN | FXVY
Jiad il ol
Uiyl 1) caeS
ieay (e Ll
Al Al ks

‘H d..'aﬂ\ L)
d}\ KT ) prasal
ol Al syl 18
Aaks Aae elale 2al) g8 55 ) 3l
e AU L8N 8 ) sdle cpdl)
128355 arasaty ol dua (5 jagl
& Aacluas g o sihy )8
R L =B P P B
Aoy GSWYL oS dua Baaeia
A8 50 Ao ghaay Wase 3 5l 138
DY) (e A sana Gaos (0 Ane
el g iy & il S il
Aalidg 48y Al Ha o jall 3 gaill
ol OS5 e siie (lad) z A
s anlad sa Zisaddl 13a e

A&IAY Ga g g
plle clid A glae Jf culS

A8l Al A (B ) asal) 48
A a B asanl) b daadivall
Lesl ol Cdlia) e clizsial)
Cra 3 g AS jal) Al £ o) AR g
A e Juudead 14T DA
oy Laa Lo (iial) 48 al)
asaill i ga DA (e L3 ol
Alle dhay AL 455 2585 Al g
A8 coagal By B S A jug
Eo8 IS das A a8l asadl)
Lot dua Aaall dclial)
daad) Joadil) clisla Ga dgly
Al delia clislag b iual)
oo ds galaall duig,ig
Al Aiyal) g Aslll cilisley
b LS ABlant) LY Jaghady

o) dsliay (3,40 dslia

A LSl (e Ao il ells Sl
a0y b oSl i e adind
ALl giiall 52 ga 5 daliial)
) dsrasld ZLY) ey sl
LaS ol (50 (8 i (oS L
iy ) 4l il Sl
Aalis¥) Gkl 8 Lale Jaall
Crad b s Ailn) (S LS Bl
il 8 e laaae Jlis ¢ Alleal)

ﬂ' www.altarig.ps 4l Jslall & Ba

bl il ) A8, G



PR e&;;b}@)@ﬁ\&)ﬂ\

il s 5550 5 L ol il

Feedback System 4wuSall
o8 et il Aladl d8al) gaac)
) i o5 L S (0 e
i A (e ol
Alas aapi sty Cupa aSasl)
b oy aSaty Al el all
DY) Jalaiy L s SalSal) ol
=S aasill o L) LS
udigal W38 | o gulall Gaadill
RS PO PEIRR I N
) (A U5 g oSl A
s sond SLall 5 55l dma 3 )
Lnslal) clplSa) ) Galay o
& d““}-ﬂ\ g\—,.\—’l—<un\ Ll caad
b\_'\..aﬂ\ Q\:\Lu: ‘_g sac Luall CA\_)J
iLis 3 CAM System

gl e el sl (e s o s
CAD , sl ciliale 8 3ac L)
4aa sl e Y CuaSystem
aratll 8 sacluadl Glaal o
PR ELEIPU PP vLN 95;33\;)3\}3}
o bty G e ulaYL
55 Ll iy o 8y 5 driaall LSl
O Y 5 AaliiV) duaigll jaiads
9,5‘ eliyg ,):’J-L‘:‘ dalac ¢\1) saal 43
pSaill Lia sl i e aiad AL

B asail) Aisla o) Jaf g s

3 HP Inverter
Controlled _‘-\_‘ [

Spindle Motor

Crald Al cluladll d deliual)
‘r“d\ AaA il A ) ?SA_U \k‘)_‘a\}l pa
=) aSanl) Al Sl Cils

o S Al Al IS laialy
Cisa G bl ¢ Cliany
sl oS ALy e 5 il
A Lallall o jal) 6l La gond
B DAL BE NS
(g8 ) aSaill 4 ) ST Alae ada
O Le (o8l a8l L 5l 9385 pans
il Glawadill (e de sans
Jal e aaiad o) Y Sl 5 daliadl)
O Aglaad Lia ol Sl o382 5 A
gl S LS acaddl
araat e Gyl A0Sl
e e D)
e sl ety Lead Al -l
Ll bhbae o Loy daslall ) glae
S yaal) adloal g Ll (e
Gsllaall ajall LSy 43yl
Aalead) aladls @ il anlial
paa il 5 e, dApelinall
A Sl dsnigll Cus 3 S
O Ay pSailly ol ) g5
H s oSl pasll il s
Adkin cle ju e ol atl) 4dlil

LSl b 65 A8 jal) sladi) e

| Station

Front Panel
Controls

Full Size Keyboard

\ Single or 3 Phase
B

! Power

Handwheels with
Retractable Handles

15" Color LCD Display

Removable Pendant

LD 43S ja b oSa Sl
A S SlS jae SO Ay
alsal Flailly 4 yasl) @l
ple (B (el ) oSl a5l iS5
2= sadl #3lu B8 1949
O Cnally (i g sl 48 53 i sa
delica aiat oy )3 403 Ja
<l il aclia 8 alalali o) 3aY)

(bl aSatl) cilisla g

i Y 0S8 Ll il 3 35,
eriatil o 335 usthaall (a3l e
8RR gﬂ\} sasaall o) 3] oda
1‘:,5}"':"“ "'@JM... X! C}A‘} ( ‘4-\1‘-" tY L..\XAQ
Sl A5 () gua )l AS il Cae8 N8

A )Y s2g] éuﬁ Ja< (5.«'5‘)5\

U 55 4 55 2 1955 ple i 5
Lf_)L.Aj CJ}_A_} d}i tl:aﬂ\ Q‘}J‘\J
pSaill 4 155 e aaiad 43Sl
gl ) apilSal Ll y (o8
Uae yeal o 3580 0352 5 48
O Ll Ly bl Jpads
aSaill Lia sl 385 iy 1957 ple
Jlaad) Jaail YUg) 4l )
Lerle daia; L sl S eliall
Al5 Hshs le selu Loag

ﬂ' www.altarig.ps 4l Jslall & Ba

ki g alict ‘_g,m»fuﬁg



Al ady o Al delia
delia o day o 5k Ll
el yalall aclin (s
aSaill Sle (o Liaa gl de subadl)
Ge deliall ol il 3§ )
@ Shsine ) L (Bl
e dra il Gl e ariial 48
el 3l A daai 4 SLull s S

el (e
Cleliall Jia 4cliva (e L
Gleliall 4 e culS a8 4l
o a5 50l ae i) il
Eupa el Sl CliSle Jinse
S lias ¥ dusall cleliall o)
e Uiall Lol i) ddlad) 28a)
cleliall e la e ol Al
Cileliall Cuai (IS 3 13 3880
Bl Sl L 5l 935 (e Apaiall
daais o) 3y, S s ) S
ante 8 Y5 Ll gl aclia
GV e Lulal aaiad il 5 Jabsed
i caaie ] Ll 13 jaldl Al
Sl il e U i
o Alendl 0 ja pand b
Cigs el aSail) HSLe )y

r g ]

sagall Alle (5 Al ) asat disla

g b Db bliad 4dpre (e dany
LY i) b Y )
G sima o LSy LaS Ll

el
Lia o1 635 (e paliiud) il g5 Y
e mll lall (8 (o8 oSl
2 acbiall 5 e dasll 3
e il Le aaaly dyall ol
Ll 4y e a8l aSal) ikl

O Aae gull odel ALalEl Apaliaiay)
g e Sb (et SV eh a5l il

EUl B daaiia ) asad isla
ds galaal) Ay sl i) gal)

aSatill CliySla (e saal s daSlad
32l o3 (A G 0 e i
Jeandl e JulS e aniny b
A Tl LS e plalall
i (3 sl o) gl o sal)
al Aty (3aa 28 4yl alleal]
O Y bl (8 Jile Led G
b Gl o Libal 135 U
clinsle e datiall cilatial
s e aSasil
Jule oY Llae Jiaioy
e la S cilsS Lagas
O oA O A8 3
Ol .\"L'\ o 0 Saanh
A il liatie
LSl cladia (aatal
<5‘"“""“ Y ,g.éj\ <Al
A o e il )
iz a k“_i\_}la.’_i el_).s.n
g8 A e pall iy
e Aol Jlac Yl
0 jia (”A_c Lleal
8RR gﬂ\} fu:).m!\
Clileal) s2gn oLl Jaladl e Liay
3elaSy Loy Lae JLally aila¥) (50
O deais o) 3l 48 s 5 LY
JEPCIU SUPCRC POyt
o) Y bl Jurds auslal
855 alal Sl i ia i)

308 Chgm (g sp (bl | )
e Y Al clllaiall g cllay)
O dal e AnSlall S bl 5
83l sllaall miiall (383
A sl

LpSla Gadli o) (S | laial
(o (S Ll e a1 Sl
?Ué{ P e A5y Sl ol
el Y1 (Al (gl g (o eS el as
s il aSatl il e
Fsral Olea (e el 5Y) (Al
& peradie el e o gy
g;u\ ariaill 35S # ) 5 aniall
KPR e P RE g (PO
pa 8 A ja (M an 5T s L)
e

sda G..L:A L.LA}J)_LS:L“ XY ERTe
Lo 1) Ll aéy L p i) ddaall
Lo seds Aol 8 L ey i) 8
LSy 38T o Alall a jlans
1 aaadiall Cliuaadl) 5 Adliaall
oadadl a8 Laliaa gl Lede calaa
OS5 g Bila e 1S W
~M \uﬂgm‘)hmﬁ dj:.\f:

e b ) aSal AisSla

O A lad) 2y bl 45 )l
Sl o il Alanyy) Aedl) Gua
(e Q.SJ} ,L:x;}J}_LS:d\ c.J.@..gdAa:\
3l g diay ) dalamy) Lalil)

ﬂ' www.altarig.ps 4l Jslall & Ba

wwu?zm@mmﬁg



el i) (g A ) (il (S

il el

Aaaii) e bl Gaagl)
ol e\d;'."\.u\.} @_Laﬂ\ C.A\).\
¢35 Manufacturing Code
aSaill cilipSle N ds 5y Cigas
Laala C.A‘).\J\ Y Lﬁ}-‘i} ,Gaﬁ)j\
Post _—aal C_“_hn ArL“
4iaxd 4dua 58 (Sas Processor
Machine =i, aSasll 43l
i 3838 Ca g Sliparameters
d.A‘}AJ‘ 0l ds&;‘e.u‘ésc_u.d\
35S 2l 5 dglee Tag (s e W) 3
ol el il iy sl
Allaxy (aida C\:u\ UdigeS saad
O 053 Lo (B L) 5 ) Qoo
el sl 31 H8 5y g 585 i
S el Jrdall cillee aSa5 il
Toasa s LaS Al Lgdua 5y o o8

Sl Ll
aanll Hﬁéeu)}laﬁdua s
G.A adsall c{)a‘}]\ L;A:\J )-UJ::.J\}
\J_&s U\} g_a\JL\.u]\ L;J.;\ @_L..z.u
e.uxﬂ (= Aadaaal d...n)\ a8 ;).;J\

el Y e Jolas () a )
A sy B Al Glalac Y
il 5 ad ) aSaill il gas)
Jlie A Lelae 5alaa L5l ) Bou
sia -Aladl ol laiea e Bil
Leale Gl Clama sl (e e 5
araatll b saeluall mal "
Computer "
s\s  Aide Manufacturing

CAM | L

NREN I é_u..a_d\ el s
Alanl) 3lSas 4ul&al 5 g1y ilal)
Lalad Ladyass oty o Jd dpelual)
o Loe el Sl il e
Al (e 2SU 5 Al i) aial)
Clial gally G sllaall piiall 4dia
DY) ke fad o) J8 4 slladl)

il 3 oS A ledl)
o) O e il oda i aS
Bglaa (S A aiatll 3 S 2 L)
g adatl) aad cilaiiall s
) e Lgagioal 3 S A o 5L oS
Gl e g L gay 4l b cle Ll
adging (e S5 ateal jal 5 Al
Ao slhaall il gally 3 sdiall itall
el 35S i1 e 50

[ wla “ e‘\'\ m{ x|

aSaill Sl ) g ghaill g Eaall aly ais agadl iy auady aiial)
O BaY o] aal by el 3l (g S il Ledn 5
c.ab‘)awbﬁmeﬁ";«ju)ula M\M#‘w}\w

Machining

Operation

h 4
(1;&]) File " (‘:\BI Né'cf':e ‘B CNC
bt s Controller

i

i

Draw &
Design

Configured
Post Processor

ol afail] Adifla g paliaill gl g asanaill mal g Gu APl i w Jadeds an

s sl e de sana cllia
dal (e Langa 8 @l jle cuils
Sl Lia 535385 Jand il
O Ampad) Claalall & Qe L
Clalyialy ad )l aSasl (ool

LelSLia g Ay pal) acliall

by () (8 Al aclia (gl a5 ()18
Lo sl dulse (e elliag o) 2 5
Gl 8 aaliny) dudliall ala 5
o aall ol 3y 3 o) e apallal
i) aSatl Lia 515385 Jla)
blis aaa el oSadl)
eeliall Lea sy joshs
EESRPLIPS B S KRR

Siianall s A Ly 5l 53S0

Crodadl LAl 4y e le ol e
eskis sk s gl Jae b
g_zl_d.as: JJY\ e\ﬁ.d\_a ed';ﬁ Cliase
d&L\ \).J\UAA.\SM b&j ’(a:\ma.d\
‘ﬁ cd.c\_uud\ C.A\).\ e.u\ L@_ch
Computer Aide "ass—aill
s34 5 CAD 1 kaial i Design
Gl ey Gt zmal pall (e dse il
Al areall]  oudige S JS 4043
gl 155 e g laradl (s
oY) Guaigally 4dled 5 ALY
Cre i el ells e 53
CLSRY e llay Y (531 5 Lo
B N e s RTEoN
= A8an) el s 4dlgi s 1l
Ay DU aa ) (e Slifa
Ay s el o ghad) Jai g
05 O Al sl (giia a5l
e ety Dlaae pall sia
ol dlaraai alail b eliselue
Cala o) sa  4al Al an s S
2y e WY S8 ol s
A_)J.A.c Slaa JaSs Q.EJA‘ G_A\),\
s ) calall 138 33l paail)
GlalaeY) (re de gana Slia bl
128 Jsad O (e leiSad g I

g www.altarig.ps

Tl Jstall b 30

@,w\,?zm@mmﬁg



L i Al cliSlall axe oS
85 jals Capasiy yiluacd
AR (90 Jexll
Deoadl i yona i da 1l
s 4 i Huadl guaill 3 S
Gl pall 5 iyl C3laasll
Cagisal)
AL allall 3yl B a5
Aty wriiatl mal o (e Alils
Ol s Aliat 5 2ae 5 andal)
fe sl daiaddl lia Loy Las
=B aSaill cliSle (e 4lima
e bees bale WSl eatie s
cliSlall 48] Ly ol 5a
Aacliall cililaal) 44l S

238 e gl s sl s
o Lenle et 4S5l (e Ae il
1052 18,000 252

EdgeCam gt

Ji ksl e\d&ﬁu\.} :_umﬂ." il GA\J”
C-A‘)-} el Lg_\_a_..u 28 LaS
e\i;.\.u\._a b""‘a'd‘ § paclodll
Computer Aided ——ulall
Lisa a3 sManufacture (CAM)
(‘;.:\A..LA:\J\ C.A\).\ O g L a8l
Computer culall ?\\ At u
4% 5 Aided Design (CAD)
Al e (s iad Leiedid 2sms
1S L a3 e Asnate i
Z..u:}.'d\ 23 Lgba (35S0 I Al
Lf'd\ GlulsSayl c.o\).d\
el e Lo Ler 855 ()
4_A.:\_A..La.l Lu‘ C_:_\.Al H.@.g ‘)A:\‘;J\
doc 4l sl sz‘: Azyial ‘):u.aaﬂ\}
9 6..4.9‘)_\\ ?SA_U\ cala paal
YU sa 5 NC iy alxiaYl
c.a\).d\ uAa.:\:;}.d\ 0l e\&u\ (e
S gﬁ\ calall 13a jaaadl
Glinsla LA:. c;.ml\ Al Jralss

bl oSal)

sl e\diﬁu\_.a @.'uaﬁ.l\
gsJ\ u_al_d.ud\ ol AAA).u k_\u\Aj‘

NPTV I R IECN PO,
= gl JAI e edl il S

A_Q_al_u.d\ uSJAJ\u_AA\ J

Lﬁﬂ\@umﬂ\ﬂsc\-u\e-e SLE
) pSat ale i o jaa
NC alaia¥l
aSal i 5 ) qtasill 38
o el ad 1) el LiSle

gl s O L abaaBle o
OsSy a8 caulall ?‘ML" @.\‘aﬂ\

5) [P R PUNERTV I | P K

JLad Jaial aiy 3 52 < ghall
JS e gl calall Jals oy Eua
Al g a9 (Sl sl

ol e\d;.\.u'“ L :.u.;a.d" "\G.AU):\
Aanil) Jae Gaadadill Ciulial)

arbatll agleny paitall Gunigall
Anatigl) Jlae (A damy (adige 8 5
18 o gh Cus 4Vl 5 Leliall
riatll lele aoaty udigall
Machining Operations
clinl ol Jad f adaiy JSI Auliall
mJAJ‘ oda b\_\_ua'j ‘“ﬁ FRENEY
OV s ) arenai (a8 shadl)
a8 sl e\d&i.uh t\.'\..aﬂ\ GAU_)A
LSl ae it Ll a5 i
o) ling O sed lgma Jalaty 1
od;\} 5 A \}“ AJA_\T.\SM‘R_Q;\AA‘}J
Lty Skl cual aglee L)
al oraill pllae Jaidsy Gua
<Ll s3es Post Processor
Joalll oy 0 pe IS (A Lpe i
a=bm e ola oY) Al
a5ty S Canlal) dhasiuly il
La sl 3 SlS jad) ol sl

(= Ao ganae dlin o) 4i8ally
ey ‘_g sl [EEN ‘;"\S\ d.q\yd\
g ) Al e e g

al Jakd ayia mali g4 Ja

fasaail) ALSLa) Ara Zade

JEA g p5al i e BlaY)
sl e\_\Ai.mL,\ c.;x_uaﬁ GAU‘):\

N

Tl bl Hilaall e oS
?i A5 ?i uL.ﬁ\G..a Ja ?LQ.ADJ:\
¢ S o) disad ol aay )l

Leeey dpeliall Glleall (e oS
e\d.';.lu\_) b:.l..aﬂ\ GAMJJLAJS}:\}
fulall

alec lSlaa 4nil&al il g5 Ja
fladuil &g 5 lll J8 aiaill
JUB sl haasiuly aiadll
ALt linlla Ao Jaall Jiaaill

fodna a8

aSaill A5Ska Ly s () Gany ()
J8 A giial) 13 2w SV _dd )
e.“\.)}A.'\S.AAaJ}; eJ.{:L\j C'_ﬁ}
A0s Lé_LGkLILS‘)AJ‘ IRV Al
25S amnidd ApSY e Adlllitia
Manufacturing Code gl
(‘;.SA_\S““):!\}J‘;“J.\.\ASM}M‘;S‘}
3835 S0 el oSl 258l b

ol S il 7 e

@ At oda (anals (S

Al ol ghall
%:\.A.AA:\J\ G..AU_; GJL G:\..\AM e;u.uai
g_ml.;“ e\d;.u' Ll

c.\_mﬂd\a.\\)\ kpuif] m;d\ el

g_ml.;“ e\d;.u' Ly 7:4.\..44]" il Ga\)..:
Crua sl e\m’ R t.J.h.a.\l“' i)
‘5_4.5)1\ %SA:\J‘ :L.\:LSL.A Gldal 5o

@M@S\éﬂ\j\}at)ﬁ}
dad e dpeliall clldaall Jla0)
@uﬁ ‘.‘H“ - . X‘ w . X\

g www.altariq.ps

Tl Jstall b 30

bl il ) A8, G



gaal 7l g el Jslim oY)
ksl (:\AA_\..»' 1l :_\_u.a.d"' "\Ga\ﬁ
D=yl Edgecam g<lie 545

YL ey 51595

f"""‘é'd‘ C_A\)J LgAA\

\\\\m

¢ yadl adlaf o ghd &g aulls
Gy 545 Stock zitell g slall
My Al ala Sl aea (e e Sl
il ) e o) 4 3) g3
s alazl W

Gsiiva yelal Stock _lisl
uﬂ.ﬂ\ ds.-ﬁb LS ‘1.5‘)\);

bl o G dil 1aa Jine gl
lee g JA ANl 3 a
) LAJL_:;_:;\ 13;\& a_:;_gl'nAA
sda el ol (20x70x120
ariaill s Jsdill aglee 2ay alasl)
2 1385 (15x60%100) roa
) adadll il ga e ils S
a5 (100 -120 = 20 =2x10
O il dS e Claag 5l
Y1 A< (60-70=10=2x5

| Geners | gl Jslas ‘—'U—;j
. Aa ey apaaliS zali Ll
V] Automatic Stock I:\ = . eMmrSL?l;J!j
" — ) e s deaa
-] 358 yuaal a3 il
Ll Ay aniiadll
o 538 ) G
e sl
Baox Offset
X Min 0.0 X Max
¥ Min 00 ¥ Max ;".'."“4:‘3‘ dalas
ZMin 00 Z Maxc O 29 L) (it Liea
Cylinder Offset L:u.m c.i_‘..A @MEJ ?}i‘
PJSAL saam e g LS
b o) sl g
s Edgecam J
’ oK ][ Cancel H Help ] d.A.’J\ 4...\..\_1 ) u..\l:m.\
B aadl  apeaill g
g CILA g siag gl Fotia .g
AN (g glal) el el Jaaiy 2 4358 YL
ey olal ) ABLaYL 55l adad e JANEN oS, ¥ 4555 YU
9o LaS el ans )l adlaal) cilyiaiall QU)LY\&&;JLQ&QM\
LBS)J\ dS.fIJ\ ‘f a ga 3aaLal) O e_Lr—\ aJA‘J_\.AJ‘
o) s Lea oI .GAL’)Q“ Aol
aranaill Agee dosha Al ol laasll e Jladll g sl baa

-C_ADJJ\C_\ﬁJM@A\J.\&Y\
u.AA.G,m JA‘}.I.LAJ\.\&J)M}}
Tshall oli) oudig au

51 dag i UK S
u‘jﬁil“ b.é.% u\ l_u.adi LAL "LJjuj
g A Ay u\}AY\GA
uﬂj’ﬁﬂa_d\m‘_g\.@u
O i Al e Ll S
ua.uouuwmﬁ».n)@&g;)
Lealald) o St Cagud o )
Ay e kel e Jady 3 dla
P-;idaggdémogdﬁ)sﬂw\
b el ST el s st
g Q\_JA.AJ.\X\UAM);J\DAAQA

Part Modeler z<\_»

Jaliadl) s ol alasinly T Sl
olal s GOV cilyinia auy olal

Part z—a‘—u—: S8y ula)
Modeler

Cala g) 3 il 43Sl JI e
e LS el 1 e shan a5
:m\_&\ CilalxieY) saal

ahad Bl @ pas Gl jlue 2jaa
O ad ) ASal diSlal
Sila sl

;:EAJ" | ool nﬂ)a_'i Q\JL».\A Slae
Ay el el Sle e
% JL!.I:}” ‘;Ud u.a_)as 138 salia
sl )

el e o S e sana i
é—..‘—"‘ajj\ J}S )_Ll_aa:d BJAM‘
Q\_\_.)SLA &\).1\ uAb)..gS:\LM
sl Lgia Aapl o) g a8 1) S
IXYEOA

CLipSlall an Jalaill 4l 5
AEWRBES A.:..\Lisua i (Al
S Caa Gl ) laay)

P |
@

()

&

)

e A5 JaBlual) pua g JS&
Al 3 gall iiall sl g
X Aaplai g

Jaa=ill 418 Post Processor
Sl ) e Jandl Cisa sl
Al U Lo Y (oad ) oS
il Y dadia Gl aclE i

ol

g www.altariq.ps

Ll Jotall b B3

Bkl il ) A8, G




Jaa¥) adais Jlay) callas Cagu
Ooa s s aiall Jae alzil
adadi aqiod () Lo) Laa Gl gia
Gldlaa) Jal adads e Joal)
O e (Al Lewds 45,SL)
L i Uiy 35 LSlall D lelae
U ")—‘-‘5 dc gana &\ PRELPS }i
Jua¥) adads adingi o) 5l <l shadll
il aladd cillaay) sl e
Laapand oy 3 5 goieadll Jae 4
DA e U gl gtiiay W
Jials M-Functions i3

.Datum Shift
il Gaalad @llia adaadle cany
Geillall WIS 8 JaaY) adads
Cnlll WUl g s IV i)

Work/CPL Top /-

origin

Home position

\Imﬁal CFL

origin

S kah VAL L RUEE

B

A

ALSLall CALEIASY) Jua) A5 0 g
ey

i 45 Absolute  Glladl
saaly adaii 1) LAY ges
s uds g g la yuas ol Y A4
Coa (e Ag i ST cldlaay)
3 oamaill alaill o HAYI 5 sedall
o sl Incremental sl il
e oy Jual adais Jlas) 4
adais Al oA Jeal) 4k aal
b o) (8 AL L) ol

Sl cililes < 930 Jay yih

aal) Jaesall el o A< el A
éj)}; m ‘;Ji-,-,‘ L. :.wn ! S - bdﬁu

ad yal Javid Coga Cana JalSI
Lo singsu ad 5 & Yl
T s B i e
135, pinaill 4glec 3lSlae il
ay (VB el el s
ied griaill Ay ca Lo Jalall
ot Juliss 32d0 o8 i)
535 Machining Sequence
bl Gany JAal adlae
Aty Jaedl) Jualod 3380 @litas
o s 30 e liaal) illenl) Juadass
Al 4oy il La Loy o5
agw Jed Discipline wlileall
Sllee o Ml 5 iilens o
can clblee 5 Turning 4b)_s
—ad sy bl 1385 Wire <
A ) (S Al e 5 e
e liall laall Lo (5 g g
Glleadl dze 55 JLia) e
Ladl L o g (A A lial
o (o St il g1 531 )
Gt et s malid) lgae
Machine Tool awiall 4l
e osiat Aaldll oda o Jaadl
Y a3, adlad) e se cligW)
el 2l AiSle i g il 53
Lemle (5o agm Sl 5 LeSLai A
arnaill Gliale
RERCPURIREL
da adeh G.AU_).}X\
DY) e Al L
ey Euia auldl
c—AL..\).J eh_i.lul__:
=iz 1ol
CodeWizard
O LSy gl
Sladl Caa s
S iy sl
ey Uaa daiidl

Sequence Name

Machine Tool

Machine Datum

Machining Sequence

General | Job Data | Lathe Setup

asii Lia culd elas DU 4l
Pl Ll 8 aledl) dlay) Casea 5
Lasbanl ) ALVl auiad o)) I8
Glaa e Boriall 4y Lo oL
RESPYERA]

ads je e Liag il o) aaas ¥
als o A U5 EdgeCam
AaSlall Canagig :_um.ﬂ i

Jaly Jaall iy llia o) U sl
araaill Lan EdgeCam geeli
() S5 aiail] Ay g s I
A e baall oy il 2y

O sle) ol b 52n) sidll i

o 1 iy g el all Qi) 4l
poanal (e Lol Linglil 38 (553 ()
Ll dsgiald o al) giial) aus ) s
Bagadl LIl g o) A cliCa 4l
E3axs ) o) aY psasll Ay )

Dl saalsiadls 4 il
O o) il 8 il 4 i

Discipline

N

Datum Type
* Incremental
@ Absolute

B ok ) [bocance ] b Helb )

ALl e 48 e
saaall 4n,Slall h\;.\‘.’:é&g&lﬂlﬂ
d.S_.fL; Jea b e}g—ﬁ G.AUJ,J\&&:
b A (i gl o

-G‘Uﬁ“
sl Qb 3386 ) 1aa > o g

Machining Jsudall Juuded » 38U

Sequence

ol agal
el 4l e el 3 jaa
bl Jonil) dganl 5 i b g

ﬂ' www.altarig.ps &l dslall A Say 0

@JL&AS\JM&JLH\B\,@“



La si g 5 L a<al Jpall Juadt Slylas

EdgeCam - z=ls o
o LS Alaall HLdf oy
O alae Jlaa) 338U el
o2 ) LSAL oaall e
ol Aalall adlbaal)
u}“uu.a‘f”_w’\
@) ki s 4 S5
u &“ . e wlﬁ. TS w!

B e Sl Gllee
Shsaaall Lleally pala

General | Tooling | Depth

Rest Rough E4)

%o Stepaver | gp
Offset
Tolerance | g.p1

Digitise Stock [

s o) 8 Aaalisall
Juiil Abiall cillen))
O dalia ol ol 5aY
oo Jsanlly miial
Lidy oylhaall J<a
8agally adali aa ol
U Casm s A lladl)
Lad el Gllaal
Cllee o il JUaS

b o

Sl gal oy i ) lailly

][ Cancel ]

leall age 53 e ol jal Gads
RATLEN]

EOlebaall JLanly o Liea (Y1
Wil Aaladl 2l

Milling type: optimized
Percentage stepover: 50%
Tolerance: 0.1
Diameter of the tool: 8
Tool type: Endmill,
ance: 5

Level of start: 0

Depth of cutting operation:
15

Cut Increment: 2

Clear-

e Gpddld lidas (Gaadall o3 () day LR

L

A aSali ) cdlalaall JUA) o380
.‘ £ m“ '.S c

L@—'\L_A‘;LGJCJ‘J”HY‘L;‘PJ:‘S
ol U‘Lr"—’u;—db S A\_sLu:
U‘“"J"L)M"\ﬁy\tbs“—’}“tbd‘
Gy Bady jpe JS& 4l sl
olal allaty aa @‘u\-’} ,k._\}M‘
ob\y&%chﬂ\bbﬁj
olal amay aledll e e i

il
M\MXAQULBLJJSALAS}

Gl ) aleal
FRRTNR R
‘s.ﬁum“uhc}

e LSad 2 al

s Jsiil) ke
alal) el cllee alle elay
Sl dae 5 oaany (5l 5 8l
GIAS LEaY La jLuial a5 il
s Profile dwsl) &y Cava s
5 Ll (mal 38 sl (55
g 15 Milling mm
dad e 8 Lalica yil i) adeddli
gl el ) 2 Lpapanalhy Lidd
b el ) Zliag aladl) ol
Roughing ¢das clilac
Glaale (e de sana L) 4ilaYL
s Face Milling el sl
oS Profiling  adaud) asill

dS o aaadle HSAL sl e
e Lela) sl dpelia dlee
) el s ) Jaly adzdll
e saa giall Slleall Jualos 3380
gl el Agals
= 1225 Sequence Windows
L,S;\J\ Glalaxll (and ys J\.@.L:\ d;\

e () daand ailSal My o g

ailee ol als Gudai s gla (Y1
L'S'\A‘y d‘# < ]~ .X\L_AG .':“'“

- ¥ "‘
(ol allace < gl Aaild e
s Roughing aslesd) jlias

g www.altariq.ps

Ll Jotall b B3

ki g alict ‘_g,m»fuﬁg



O 4o 4835) Le ole oliy aladl)
Bl Al Sle e e sbea
aleadl odh ais Chga )

Aolaall o3 2Sa3 Al 5 Lebaall

4 Liad Lo o) Ul ¢ ) s oY)
Lo Jadlly sa doleall o3e] (ki (1

alac COllas ad (e oSl
i .~n j ‘;‘;1 ".j .(‘-\S ,w:....n

e
e Shlaall gas) Gukal 3
e&ﬁ@uﬂ\oj@q}uw\
GJB} d;\d tinsj\ olal JLM.\A .J:m;:u

dalail)

J

Jyaa T

el olal il 5 lad age 55 i Al
Gl £ Lgusds Al & 5l g Jal
i) Cilee

P oS SOkl AL
S gl @Y Lalla
bl EObadll 038 ol 3 yaans
s ade il sl apaa el yall Lie
alee anle efug_q}..u L..EM\ bl
Sle il gaal s el
DY) e S0 a5 Al mdau

Milling type J:illl 4sles 40 58

L) ehﬁ\ o)ai il 4y giall dudlf
Percentage 4add Jadd
stepover

) Sl LiSle aukainsi o ghad (BBl 4
L glady o)

Tolerance 4xalawl)

o2 aliadly G Ell clale b el
L de

Lol ALED) Jal adal) 3130 aE5 A8y
Feedrate Jadil) Axes oL

wm}éﬂ\a\dy@\JJﬂ\@ﬂ\@j
(RPM 4.5&5.\“ ‘;5 E‘)}_\) C'_l‘_\;}_\

Spindle aaill o)l &l 93 A s
speed

¥ Jiaii s i 1o ol Jalae 5
Jadl) Ca yaf g 4gsilal)

Diameter of the gkl ola) ki
tool

b 8 adadl) o)l J 520 450 ) 2aad
i) o) Lele iy ) 55 alaidll

adadl) o3 aa ol 93 Ll g kB Ciual
Corner Radius of the tool

Lexdiaall aladll 3lol due i jLis) it s & Tool type aadll olai 4 g

U pile +
il G san il 48 Alie (S5 () oy & T (3 Allall AlaY) AdLucal)
Artl) A day ) LS ja o) adadll ol P A jal) oY) aalatieds Al g Alidd)
Oa 55 gl pabaual ) g0 DA
Clearance 4l

43 6 e 23sall (5 gisall (o &S A
L) JS 4] i g Jual) (5 sina

i) has (pa ulial) (g gisal)
Sl Aghay Adal aaay sl
Level of start

Level of Start gladl) 4l adasi (e s

Depth of akill 4sles (3as
cutting operation

ol adadll dilie gl Alls b aansil] Sy
L) kel ae Jaledl

Sl ) adal) Asdas apadls A
Cut Asltiial) cileal) (e
Increment

FRTUEO

g www.altarig.ps

Tmadl Jolal b B

SPERPRIPNEEEE- |



e 4 Laale b EdgeCam
el ¥ Saey dus aiiadll S
AT Ol sl s e ol sl
S il Sgeuss

as sl Jaals o3 e aal b YT
Oy ainaill 058 oy giadaal )
aalsd Jd s sl 4ilSe oS
oty i adali W oK1y 2 <)
adla o Ao i il (sl
o Lgndon s Galy asSl A
il alasinly woatl) Ja) e
Aalil &5 le Ja 8 yeasiy Wela
e Shad iy apial 25S
il ) pSail) 43Sl S|
fleale aladll Joadsy o g6 Cogu
sliile Jlie V) 8 2aY) . ashl
Sgeliall dlaall Clalae ajaad
i) aSarill ASle clyilSa)
i3 128 (e aSH Aty dadiivuall
e i oS slSlaall ala
o8 38y o LSL) i) e S
o il Al sl Jie LY
Lkt LSLall (KX e ol
LSl Sy dpnd ) dilise ol
cilinial) ae 55 Sl Ja | Lgalsd
clyiniall ae s el of Jadé 4y i)
&L Al

el Ll gl a3 LS5 LS
Gasa (e Of 74k EdgeCam
ATl il geali S 46 jpae
Chpast yadsd o hra 54 ulal)
pSaill Glille g il pand ala
PR o) oSy iy i)
Ol s aaiaatll 3 2l gl U il
) duaad 4uilSal Lyl mals jul)
Lo ol Lgleas S1 ldpa sill 020
Lodl) ol Al dlule ) ¢ S
Y Al el Ll cad il

Al JS5 il Lgee

vatl) 3 oS Ay lima Al<Sia
doiaail) 3 68 A

358 G Ll (S iy aaill 3 S
3lhy) 43 3eadl G Gl oy

BSlaall (e (e 5 el pall W 8y
Lad o pilin gibis lans Lealaal
oy Al alaill agle & oS5 Gl g
O LSl A5 mnal) 4ilee
st Aled] 4uled HlSlas sanliie
Jue ;\—\-,.\-1 )RS e b_,ki.} DJL';
Sl S ALY 48D
LBl (e Al &5l 5y e
s S 53a

s <l jluse i o () 225 OY)
LeisS (e aSUill g 4 gladll alaid)
Oba e lhadie s LS o Cagus
el 258l dal (e i )
aSaill ApSle ) alls )Y g
ey Jaal 138 Jiay il 5 el
¥ S a0 ) S Le bl
0 oo ol (5 g 5aY) o 3l
258 st 23 Generate Code
MY 5) Cala aig e pial
18 le g3 5Say a5 NC
PR e 248
o8 e Jualail)
(e 4niay caloll
=i gl Da
payal ) aa
&=Ll Notepad
G, oy o
calae o) adasdla
G giatll 2 S
g @) i)
ald cladlad) o
sl aeS)
AR 058 O gl ol Ay

A Gab dald augt ) (0
== ol S s

O 2 oA 2aausl) g g i
o3 i siall BlSlaall e e Jalal
2l

o A Ll b el 5 iy
ROEEEN]

slSlaall

i pailad SASH s
gl r 328 413 uedll EdgeCam
Bma o calall aladinly apiail)
Lo ) (o L 3lSLaall 5 ¢olSlaal)
Glale die 53 (e snant G lidd
Al Lo g alal) il 4 sllaall sl
e d..AS\ (e 00 (e cnh_).d\
Gllaadl oda 2i S adadl) ol
cre ity Uil alal 5Y1 ol i Cagun
oshd oY) SO e DA
Al e oS a0 shady
S el Y Jhaill 5 el
BEPERS PRI EIATPIRLANPES
Ll Ja OIS (gl Sl (e IS
prmaill sl gl anis 4l 8
S e et s Al
Gllatty cad ol 13t cludal)

S s

Juiial) Jaa Ali) 5LSUacal) 53805

ﬂ' www.altarig.ps Al Jeladl 8 330

@,wu‘.zm‘_g,udakﬁg



LiSay oy 53 5 CodeWizard

i) Select Template

D il S e

o eonbindl sl 38 il e € Lathe & Mil  ire ) g
LiiiCla Cia g QA (e Liiila = & 2555 (G Code
A e 3580 yuraal mlledd e as T B E Gl Ty Al
EdgeCam z=lin ) ojpaa L Js¥ M
Qlpady claiy 2sS LWl 2y § 455 o st
Lol YAiSlal S jas
Gatad) el ) A gioy : o1 <
CodeWizard E . (Geometery
Heidenhsin  Generic1S0 Large 150 Quil  Mori Seiki- e Adlsialy
COdeWizard G“‘l—'_)" C_ﬁﬂ_’ ;‘j Dialog Man-... [ra:tﬁg?t Az [Metnc] .. [Metnc] [Fan... u_)AJ\ J_A\Ji
p JSIL dana gall 4558 YU padll SeRm el Axe sy Al
) AAT AL ey 2ia g g e A [ PRI
Genertic 1SO G-Code ok | Coesl | heb || lansss g
fLaf) daasSial)

) aal b el aslss (Metric
Lid oyl jasd Gl (Mill
aedi Al alinSlall caa g Je
DLialy Liad ady 55400 adee
@.b}.n A LAS-&.L»J\ _)\_.):IA"}“
Ca s 8l 4 Gald) Jall
SLilSa) Al adle 3o a8 AuSlal
O Jadlly Lih e e i adans sia

Al ) Lals o0 o) JaaY

Aislall G 8 Ciua gil) LA

258 saaly o )iz drpa FL)
aa il Y glae @l gaa) | aiaill
Caald cpa S Q) jany Lging) 8
S (Fanue) 48 -5 258 auisy
A il (Fanue) 48 s a8 s
08 w‘w&ﬁjdéﬁj@u@

Ilayl 41 5ladl)

B gl A CilS g g 3 Al
L) de slaiall cililoall 5 slagYl
BOVP RSP bi| PR LN
M) ASadl (5 s daSlall e giie
( Miscellaneous 4el<l jLaial
S Jaaig gyl aUai Juds Jia
il olaf i () 50y sme LG

aﬁ\}g\&m\é\ww
e\_\Aﬁ.mL,\ @_'ua_ﬂ\ C.A\‘)J‘_EJJLA

e el s (S s

5 Y CodeWizard gds » Aol Slsle sl

EdgeCam gl oS 13 alls
pedy Yl liinCle aeay ¥
adla 8 ) elinle o) alud

‘Welcome to the EdgeCAM Code Wizard!

Untitled

Please enter the name you wish to uge for this machine:

A ale IS0 )
s (ld jlaa sy o
Ol p8 s ainatll 258 il
IS guaill 0 &1 56l J sl

Al A

Now configure your Code Generator(s] by following
the steps below:

it lla gliny Ched 28 i 1))
38l ) bl HLaayl ba gy
QS 585 S Lt comy

SIS lpaall (K5, JSEN

) AS i 8 (e i) b
Electronic Industries
=iy das (Alliance
e daadl o V) cllal)
A8 a8 as e 3 K pyglat
laa Lae aall 13 die Cad g3

|— % 1 Machine - 'Your machine parameters
|_ " 2: Format Table - Define word addresses
|— ™ 3: NC Style, G-Codes & Modality

|— " 4: Code Constructors - Configure output sequences

|_  5: M-Functions - Maching specific functions

] Mo | fon | M | [l eaiiay osha

Machine 1 - - aSasill CliaSlay apiall
[P RPAL PN Parameter cina gil) dal Ga @l gha ued @)l S US Jaad) ) 8 )
Akl pailias § Sllae Ay be pe anliy 35S ki e
.......... Format Table .2 4<&alsda e Gl dal gy Al bl cineid cllisle (e
2SN ety paldll Al Jsaa mwl o EdgeCam gl pxd 25K 138 deliia 8 Caeadil
o aSanll NCstyle .3 e an liale ol x5 as g cV dan S cals Ul

o wowaltariqps L dslall B B g lal g il g sy Gl



MO02 Program Stop

M30 Program end, rewind
M98 Subprogram call

M99 Subprogram end

MO0, M01 Program stop,
optional stop

F Feed

S Spindle Speed

Direction Co-ordinantes X,
Y,Z,A B C, UV, W

OF e Gl s Ll
Jrary 38 () wnail) 5 € () e s
a8 iy JS5 Gl saal e
YAl Anlle pnend (A
Aagadl da) aad Tleas (38 5
LA el S g ve iy

" Aisle (Mo paais

100 e iy OMalaall daniy
Lia Leaal L jaiad dnald 5 Jalaa
Lraa L jad el iy W

gl Cava i L o) s (Y1
e}j_-, 8 . 4y :w.\_\.;a.\j' “\aj;S pdal
4.8 e Compile ) sl
C_A\_u_a L.r“ c)_gdaaj e:\—lj Flle
(ana b 8 saail EdgaCam
Led L yad ) jpaaill cilallas
:3] ='§n¢\h‘)‘g‘;4§€\.ﬂb}k.}‘;

ARG o) 2e

aiaill 368 Al gi Balely OY) Al
Post mialll mllas juid day
shayt) Rl muas g Processor
iy el atadl disla )
Loy paldd) aiiatl) 398 o SAlL
3420 gaad a8 JUia (e slia
i) Adla b 3 eV (e
¢l JAY 09 Al paal pllaa
iy A1 (i b e Bl
JLa) aly o) aay Jatd i 200 ()
i Al Sl i) g @Dlanl)
pshl g (Al aniiall) Alsla aa

-dm. :m' u.

dgilaa g sy goriuall 3688 JUa 130 g

GO00, GO1 rapid movement,
Linear Interpolation (cutting
(in a straight line

G96, G97 Constant surface
speed, Constant Spindle
speed

G50 Maximum spindle
speed

G95, G94 Feed mm per
revolution, feed mm/min

MO03, M04, MO05 Spindle
CW, Spindle CCW, Spindle
Stop

M08, M09 Coolant/lubricant
On, Coolant/lubricant Off

aaill 3 S Gl S
Code Constructors .4

M-Functions & «Ssill ......
2 5SIL Aaalal) Al el SV

JBa) (e (KA 8 g a3 Gl
Y Gnasi

Jand i) g a1
Initial Plan 4istal)

Aph mawy M) gsiuadl 2
Arc gl JLis b A ally
Plans

LpSlall oy 40 pu (ol 3
Adial) el 7 A L el
Max Rapid Rate

sl oy 48 o (ol 4
il gl JA0a Lgy & el
Max Feed Rate

b doadill Lslall mawy J& 5
dyail) dlla 8 day) D e
3D Rapid a&dd) Ui z &
ahill g Jalga ae 6
Turret

3 (e AS) aladiia 4dlsa) 7
drd Al g Jaudill) o) adad
Tool Changer < s3%)

Tool 3184 Juay) 4daii 8
Home

o)) it dglead a8 giall a3l 9
Tool Changer Dwell
Gotinal dalial) cle pull 10
Spindle il olai ¢yl 93 g
Gear

padicad) cijad) g Sl 11
G Code giail) 368 sal oY
prdicad) cijad) g Sl 12
M Code 4sladi sal sS4

A i) Sl (33Ul A asadil) 13
ahil el Gl slaily
Program Defaults

Jeill aglee 3 oSl Ol
4y 3ICircular Interpolation

ﬂ' www.altarig.ps &l dslall A Say 0

@quem‘_g,u\hﬂg



JEnnm-nEn

Socket 370 CPGA Package
50mm x 50mm

EBGA Package ManoBGA 2
35mm x 35mm 21mm x 21mm

L clalles 855 el e s e
A ghinas CDIE Lo ddlidg Adlef 8
(EGBA) ikl <l 1< i<,
Al ¢ peall naNOBGA ke
e skl S 58 el
3 _ppraa Al ) Ll s 3 jeal arenal
Lglllie dia gyl 1hg o aall

3 il Clas g (e Aaddiall

1L (e aY) cla llf -3

e el el 3 s Gilulia
Cliny i ¢ Sinall clandal) oL
aaa L (e oY) s gl ciluld
s 17 X o 17 AIMINi-ITX
Nano-ITX axa »¥ <la ol Wl
‘H12><e~12e~°ﬁyﬁ6@
ajwqummum
@-:‘A.;J-—éﬂ.e—M?.er—wlO
Al e L e oY) cla )
A_AJL.\A(M_\.\N} ‘X86:\T\_ul:ﬁj‘
u—At—z\sdJLﬁJ}c.l\)_uiO_AUALS
el L llne Lgia ¢ sSalad)
8 shaial) a1 daiall dsy ydi
Q.Aa_g)zuuu}u)\ksujﬂ
Al Gl 5 Jeaa il (3103
L.JL.\AA G..A} 321 _=21al) .LML..m)n}
@o.\;hd\w ”\(;L.'@eixjs\}u
Ui o550 L 4S5 Cm 5l 3 s
408 cuad V) Aa gl e Lgilatie

Via. b 45 ciladia
Via: e -2
O A8L L ol oSl L 4S5 5 a
3 s Adilal) Lasdie cilalladll
3 ea¥ly A aandl 35 ¢V
e A dpa 231 Ay g i<y
L ilallaa ‘5_11_1 X86. <ilallea
gIuY) e Baas Als e Al 8
3 jeaY) s Aaaddll 5 3eaY) (3 pul
ASSEY) A5 Y5 A sendl
Al Lgalaal Ll e @l
AU NG Bl iy jaall
TS e Aned 5 480 e Ll
Al 0 L) el el A ) asls o))
B AS )0 e
Cile uad ) L Clallas audd
Mginl julae crwa clatiall e
O 7o) i i) elaY g Al
L8 7 s e s Jardil) llSa)
3 yeay) 8 Adlall lgiul 2l i
poad A JUaally Juans 3 A yanall
Cilallaall (e Guaddl EULall 038
VIA sC7®-D 5 VIA C7T® 44
(ALsendl s C7®-M
sVIA CoreFusion Luke s
)5 (3208 51— 02 )Mark
8 75l = 0sVIA Eden™
(e sl 8 (55 S0 St e
Al WVIA C3™-M
VIA C3™, 5 (& sandll

oyl e dpml) dlas o ba
O 48 iy ¢ Laslac] (e dae JS
glhad Jlaw 8 Alalal) IS H0ll
oyl Lild ¢ dnigl) o Lia ol i<il)
JLl&l J ) el sl ladse &
gLl 8 dlde @S5 g e
Llordll 038 e ¢ Lo gl giSHl)
Joliin aaall 13 8 5 doalall
S A SE e a3 A L8 AS 3
Sllee i) e A I o)yl
=Y (duanadiia Q\S).&J @\.uaﬂ\
skl (8 Gl (8 ISV AS 500
(core ¥l -haiall i)y
S —Slogic chipsets)

A dldal) A 8350 X86 lallaa
3 shitall Gl Jia 55 il
xiall il fll
ALY Al I dall g o Al
8 el (3l sl (3 ISV a3 A
Aaadall il sSall 5 53 saaSl

L'\1<.\iﬂ “} 21

Syl 4y

G ayeie i dal e and
O g oall sl ely (o3 e )
Lﬁu\ ?:\A.sdﬂ\ ;«\55} PRV g_\l_usﬂ\
)1 5 3 eal) Z LY 1Sl agly
Y er\ Badaall g_zls.\.dn.ﬂ\ C)d Al
L@_v_)m LA_\\ d_I ;SJJL}.EABM
fgwall lad) iSH pdg e
Glaladt WY ST Jagatg o) 45
sl 5 5eal 5 Sl

i AU R PTG A W R L
s Jal e praall b 3 sl
A5 SIY) claiiall (e dasl 5 48l
8 Sinall Aalail) Jgla g5 ) s laidl)
Lailas ol Ll e JS e g 5ini A
O e 3aliie 3 Sarg 3ad=tall
Gladie Gladia 8 Gladiall s2a
Jrdly Lgia dpanll 50 535 el 5l
ARTRCRIENG SR B P

g www.altariq.ps

Tl Jstall b 30

@JW\JM@M\Bﬁg



A8 (e A8 hal) L 3 jead ()9S
—Saill @iLs ) wVIA Vectro
Jlealb USB 2.0 il )5 4kl
00— VIA Fire 28, «apa Al
45 sl |EEE 1394 oSaill Gila
adiall 251,80 5 Firewire asb
—3WVIA Serial ATA RAID
splae g 2ol ol aen s
dii b elal el s coylasy)
VIA Super Sl 3, 5 bl
Aagaill @3ua lll /0
2 il Al il gaa) e
8 shilall LeililSa) 4yl 3 ey
e aelas il a5 )y b
s 8 A8LL (e DY)
Gaia Cpanan Lae (ol Ja e
A Bllid) b i 5ol e
aad Al Jsamgll Led sy
VIA Vectro 4kl Saill 318
2 USB 2.0 <t 1
8ol (3uiad b e ) Aelial)
ST (e Az ddial) A8 slaic)
USB. s sk
cbi—alall VIA C7-M ot
b raall KJM\
e Loa of o€l L 48, 5 caalad
o2 a Agalge 8 Aauly il gl
sk el dgle il 5 (@il all
RIS L 436 3 x86 cilallas
Soma 183 ¥ e Baaag
t,ﬁ: Jj.ﬁj\ oda duati, 4_‘5.4;43\
SIWVIA C7®-M clallas ddile
a5 e Jeil ol o paglly Sl
Gl 8 gl pe Aigans UUA
?4“‘4" %-\ ;L{)@Sﬂ\ dﬂgj_u\
o—VIA C7-M ULV cﬂ—u
Cim e Ll 2ol ahad ulud)
CJLT.A]‘ 4.&:);.»

Gl L 48 58 ST Laa 4 .L.AAJ
e dgml) e Jlae A 530l
Gy ga dasall 5 all 5 ey
Gl alaiidl e g8l g gl
AagSall 4,0l 5 50y 8l Clagaadl)
i Al sl ClulS3l 483l

maSh) Slea 8 Ll s

MMQY)AA&J&LM&J&.\S}\
e 265 24518

G2 Jaali Ay Lasad) ciladiia
Gigabit Ethernet = ~<a3ll
slal VIA Velocity™ 428
Cladie a8 ) stale 55
Jalsil)

e lpasana o5 VIA EPIA
laY) 55 i<l M.Js_\.d\ cailda gl oy
O dmshall pealls (g 580 (il
JEYIVIA VB 4 caasiy (Jusil
aaall oY) G gt Sl e
e el Lae ddadlall cailda
s Aad ) Gl s L)

120mm

Mini-ITX Nano-ITX Pico-ITX
L e Jads ASpdl) cilbday Jgla Clia
VIA 4l iy clatie e VIA Vinyl et Aoy d
GldUad o Sadll (338 Rhine Audio

Fast 48 NIC 4auidl &dlasg
100/1000 4= »~—Fthernet
PCI. J8U dlia ol 400l 3 Culae

PHY dJss
VIA Tahoe Siladie dlile () &5
835 e BBl 32 g Jsda o
J— ¥y i WY AL
il sTransceiver Interface

Fast Ethernet Physical 4zl
Cilaae 10/1000 4e el ayer

Al =
L bl 1 5 gl

VIA Vinyl & gpall 4y 38 i
G pad) il 8 48 JAudio
Dty oL AS 53 L) (e B gl
&l e (5 sia el 00 a0 o3a
Ll Jem iy G U
Gl (3 gual) 3 Aalial) ailadll 5
e e Aa e LA S,
Alulall 8 Gaall La J oS
& sl La Sl ellh g dua 2l
Cligall 3] Y e ae 24 483)
« 5 518 96/192 (! duat A
pe Ladiie @854S 55 J ) ulS
gl Sl sl G pall
L A4S, o 585 ASladll) Jglal)
Jlall Gaaal sk 8 S Jaliiy
PPN PENOR MR TSN
aSarll (338 ) 5 0l Gaal s
AL il 8
Cadgia S (U gadl) <Y gaal)
Y paall 3lE ) e L clatia
O ASi ) cilaiie bl JSi
oSl A dliall cld by gud)
Sl all 8 4 el il

a’ www.altariq.ps

Ll Jotall b B3

kil g aliil @Ud\kﬁg




Lee! g3l 5 Ll ol ga 20as -
YY) Calis. b
uaJH\ Iy -
e Yaiaa 058y Gy (Fll
e cpa¥) sl dalg
EJ‘JAJ\ 2% ce i) L_ﬁ JLL\AY\
E_)JU _)LLA\ Sllia UJS".J ‘MJ
Gyl Gl elail alaea
cu.uhjy\ ‘f GJSJ =g _)\_Lm\
Al Shll (e
B A Akl 23lEal 5 dedluy)
S

ac by paalal) Ll ) 8 Ll
AaadaY! 5 el il ¢ Al sheall
L'\;..\_;ab‘ Lr;'abd\ O Bk c_ua_"\
Ce il g aaliaall 8 W) La) 5y
Lol 5 claasd 32l 138 5 J 3kl
s bl G e e el
Sl il s ey ¢ dde )
ISy Sy Sl (salat sasl
3 juaally dlu i g paly 3lhe
Dshl lguad ) ae Al 4Bl
el La e ¢ pualall pa QBN
2 ) s O o e IS
J8 O alay 3yl 3 )Ll
Jlaa Yl s 138 5 ¢ 2835y 5 (59 S
agt sbaad aalucall J8 (e all)

DI —A ==
8y e
gl dad
3230 L)
SJI—A’J\
VI Aaday!
JSa il ) sal Bamy il ) e
DY) B jlea) ol 8 S
Dy b Sy Glagd -
b pluadl g e 5 18 5l 3 juaaia
) gl (pa peDMay ) s e
oyl

JR G A S P O
A il 5 Ao Laia ¥l dulpud)
JS psedas Yl aaa gl i)
= A el eV 5 ]
S—all Gl ki culag
Dils cdaaiall aed Lgh ) slaas
3 keall 58 e aaY) a8
Gl Ll el -
Os25ed) Bl Can by sus (8 J5Y)
A B ey 48 jlac QJﬁtﬁ 6?€_ﬂjﬁ
Lk

O Osdsh (g deaf alii L -
A pa ﬂ.f‘;‘ BJLARJ\ ﬁ_\:\]L..u\
At gl phall Al sall Gl

Y 58 e uliEY) -
sl LSl 75 0 g
O gliall aladinl 5 (ilas Lrua
e peilee iliy DL Caline
Ay o gl

P SIN ( -
Ao oy oy sl jue o 2l
Adaall o6l Alaie

e 2aa) uaigall

e J g daadlal) 5 jlaall cilag
A58 skl Al ) saluall ol
ol adle i) o Jgmal) s
e 3oke s Uapun dad) (1S
i JSE N Al o 50 S dalia
Gkl 5 Jodill Caeny Lgtadass

A lene Gla ) Sl Jsal 6 )

Laall Mia IS el (e B8 a5
¢ canall cpall ) gatie) a8 Wil e
Lol el e LS (10 pgied
praas oA 3 (e LS (e pas
Gl Ty L g ¢ e e OIS e
— Aaadly) fsalall ladi il
\}\J.i}(b)\.@.laﬂ—w\)a)\aﬂ\
Oty | LS ) 5 jlaall S5
3y slenall da g W) e Lgll
a_)\_md\ L\.}J_‘ )_g.kﬂ 4:\.4)\_.»\2”

LY Ay

a’ www.altariq.ps

Tl Jstall b 30

kil g aliil @Ud\kﬁg



ic gana éj\_ia O byl Ly
3 jlall (4 O.A‘G..JLAJ sl e
on e 1 1 L an 5" s

P YN IV g U N 0.
O J1 ¢ 8 Jladl) e
CSa g lan b Lellea il U
gLl g & sl (e culsdy udill 8
Leinila gz sbai ddas Slal a3l Y
PR JPARE QR AL FUSIEEN PN
AL )y Leals soeld (o

Al duilald)

. c;\‘)d\
QY | A 5 jlaall -
i 3 - B baally £l g

A e (o !35
Q.ASJM%\A)LA.H\‘J\ 3 jand) -
-

O O9) A é..jy -
www.islamonline.net
LDyl 4y i) disgll g -

WWW.iico.net Asallal)

STTYY

SR ETiiE

¢ W gigag G el Jalay i)
s Aaady) 5l all jliiel
Ladl g8 el aa sy ¥ s
Boaalld ¢ Lgidy lo aclu
Alladl S 8 Las g 5 il 4Dl
o iasple 1400 s e s
Bl (a CAL_A.: so— oY)
bl palally Lekay 55 4By

_:\.A;:M\E‘)Lé.\;“c& J}Lﬂé&

3 landl (e Adapund) 330 228 aial
O el Zod J 58y 4Bl
L;é - & 4 - s;\& (e d;\‘)l\

ALE A

ﬂ' www.altarig.ps 4l Jslall & Ba

@qu‘.zm&mmﬁg



pant Calaal (& aalus dLE ol la

3 cllaal) 8 Uan gl

Slo das) Al Jes Gl
1l A Sl Sl el G A
s mmsoued) Cuns Al
G g saaeia 3ok adll )
Alica Aoadl) sda ChilS 136 At
13 Ll Al 1o gaally ailales oy
pladiul ladie i dlle 4t CilS
sabaial Ao Jand donlia il gu
ool a3l

ol Adee Ly s LS
e QY e 2 palin
AT PSR- PUPR:
OSY) S e 3
psads ela G lebisads Lewm A0
Ay, | Al dpg S0
Gl sl aal e Tadill (alay
088 i e a3
.l

o L padlhy o JUI SlasY)
DSll)) S ((AmoAal As ell))
plasind o e Wle 5 (O sonedls
Lhill claiidl 0 dlead) oka
Caaglly ¢ Adadill clsiall 5 AL
Lilgy pbad oo Aleall 28 (e
i daadie il Glig S uel)
L@J.\Sﬁﬂ"d\.c\}d\c OJ‘JA &_ILAJJ

U :\.u‘)ﬂ\ XYY ‘f L\.A@A LA}
A5 oSl ke aal e dles
Lt sl iy U1 A g
@ :%A)A@J\ 2.7\1.«::3 3 @LHY\ salall
NERENISCI I I - N P
o2 i Gun ¢ Lphadil deliall
W lel e Adbiaal L8l )
@l bl G ol ae
aaliaa b_)\_); &_11;_)3) .Lyu.a
ledar 5 dalleall dapde o i 63
dinllaa ol adll daph ,i
o) 1agd aasinsall Lo ll
DA el 408 alasin) Jaws

S A Alee s ol

deliall 0 gualad bl
s dalaail)
4..\.\4_;}‘)&4@.!\ 4..\3.\43\ d}\ﬂ a\.:.f}“

‘;\ L;J}.u LEJ\J 3 4::}:;5.\.“ L.I\A.\.mﬂ
e ddhall claiidl esd
GlAlE ¢ il pill e leadas
il g (g9l U SY LS Al
edl  Auilaie e S ey
SRV PENCPS N PRGN
A o S5 ¢ il
oo St calaadl 8 S s
sl Al Lgiali s ) ol
Slo bl Sl gpad LS

S5 uae Jalge Sl ol dlay
Badi B9 ¢ agel laul b
S Ca3 5y s b D]
cSh‘JJﬁJ&M@d&A‘JﬁM
Al AL jrd) Cilidy uay
Ad dlia o<t ¢ aghll sy
159 cali Lo Aula g A ol se
43333\ Jla.ui ué f.wu...i, L
g0l gal) a.\b‘,ALAﬁsJ.USA\m
Aﬁj\JM\gﬁwgﬁ\Jjﬂhj
Bagy (a (nd O ¢Sy Sy €

§ Jal gad) Gl 3 ga gu 268 51
g5l e s 5a ale JS&y Jadil) ¢
s Adrad ) il gl (e Bayse
calaall il ce alad Ay SN
ilgddly slall g3 alyg A
Jally Aliaiall (5 AY) ASyilsual)
Z) A g8 g~ g Galall
Q\AAJ@&Q#JJQ‘NQAM\
i g Aohadll) Jgial) JAN Aald
¢ dgaaey) Aalleally Aalleall oda
daje ) bl daah L
Ailid cilel piady Gy S
an) g dadia Claay e
il $d) e Jadil) L gay iy
iy Aaga (el Al s AY
Dha Jediy bl o i
¢ e AY slally by e
el Jal o By Juaadl
Ay aiicall il a8l
i laal) slall cuas JS& Gl

thﬂ‘ ‘aﬁ.ﬁ Q,ubw\ Jaa g
ﬁdﬁ" ‘_,GM\J ‘_,9‘93‘9.'\533\
Ag )

g www.altariq.ps

Lna ) gslall b 5

@JM\J?E.}M@LH\Z&J&“



U< e kil ciatiall 5 cilalall
Bila Gy AA el 3 A gl
Cuy€ dail S5 sl
padl) Jssa O 5 el
O s o @8 sall (s S5 el

3] Alaladlls el

RSSR i» 2RSH i

2RH+2H,S

XYY ;L’g ‘_A‘: :\..)L).\SM @}.\Aﬁj\
o il B (555 LSl

Cua LUK A LSl
Al sl

+ H2 —_— CH3CH2CH2CH3+HZS

> &_\\.J:g.\;:).\ﬁ\ > Gl g
CUES yall > sl culagty ysl)

- T
Gl G L o syl

Cr Aaggd Al o Js
G Al Ay cllal)

Gl o i ¢ Sl Jalaa
Gl jallS i) gl cpa iKY &) 50
dba g i g 4y sl

b lld Al slgdl g Al W1
¢ 5_lalal) cildladl) ¢pa 48134 ¢ Jal
syl bl ) oy o) jaY)
Bl ¢ Alaad) ol o JiS)
A cllas hail slad) Cual)
3562 el o bl Uglaag
sk e Janlls g Aasiiosal

s whAy AT
RO T AR ENRY

LTI 3 ).‘..le_.l ST T

‘ Lo soxed)
JSEL a8 Cu Sl LS e
) \.@_qub ¢ Jaaill s Adlias
leiklas e 5 ¢ RSH gi,u\:usfn
5 pile S el Jsati da el
a2 5HS O souedl cus
A,RH  Gilse (S5 S50m

s aaful) ddaleall (e

e s bua 2
Clis Som o @y diaadl

LE\ ala % Lg.ﬂ\ )AY\ ¢ Amuia

33 ga Jaadl g U_p S 2fy
olle Gla oy @ld aladie Jull

.".'..

H H I

| |
—C O C — 4+ HE — — C — C —

|

H

RSH+H, —— RH+H\S

i 5l S all A IS

ol Ada alig ¢ il ySl)
) el 35 Syl

TomS Lalaial Sl Jalaa <l 5f adl
Alaly dshdll lglaiie skl
Gy Ly Ll e saaa U e
sagn ld cladiay Sl L) L
U s o am daldy e
Loy dmae julae Jsll
By o Cpeaill SLE S 2l
203 LN 13 Aadla (il 8 i
iy sl (A il s
le D ) G g3y )

- ey 5 Al

Gl Jb 4 @k Lala
e Jﬂ}chT)JAS T yshi 3 Al
Lol i ddasn Gagyued)
el by ki Las)
Gladial de g Gawad (8 3ol
Gl o axiing Conuald 4kl

) (B s e
DA pagdly Ay sl s yall A1)

aaf Al U i

ROR+H, — >  RH+RSH| &ler Ay dbaii il 5l

A oedl Ay Sl LSl A1)

o) QLA 13N B Ao ol gisil)
Jusi (A aalud cilia sy

RSH+H, —— RH+H,S|4mal (e dleall s2gl L lld

%JA@J\" LABJ skl allas

il Juad) e J gaall
N J

o oSl LS e aalgn
RSSR Ceal 40l Cilagy ,< dgu
IR PRSPR IS RVEN PO«
SYaladll Bdy LUKyl w
= Al

L}_’A 4..\4.\_).\53\ c_\hS)A\ A;\}.u Jﬁ}

Al Gllee b dulud 454040
LA g )hgl)

e o iy Aleal) o3 fasag

iy CuaiC S il
g Gish G e
‘515 ! .r 2‘—.’ S.- “

g www.altariq.ps

Tl Jstall b 30

ki g alict ‘_g,ms\fu,z.g




g sl il Jelis U a Jatl
RS (e il el cpaainsal
Al e U L Gl g
) VA sl Gta 3 citne s Sie
»2a o Y1 (Symantec Web
bl any e Sl il
Canal LG sda ya4ii Y s
b ¥ a8y Jeaasl ik

<
e wluw
[ ey

Gl (Ajax) oSlad daaall
Lol 5 pandl Gl LS dae ) 43l
clhias 58 Jilgdldan, 40
i 8 s a0 ST
il latl aps olad) :uSlal o sing
e

(53‘_;\1\ el oda Jen Loyl gy antn
Dl e la yds

http:www.adaptivepat
h.com/team/jjg.php

http:www.adaptivepat
h.com/publications/
€ S s ay s a -

chives/000385.php
'1 2 & (R 2 "\

Byl = ! D i A AJAX
Asynchronous
JavaScript and XML
AU Sl (e 58T
5 XHTML s HTML 1
Clesleall 42 21 CSS
sJavaScript .2

L

Sl ) e bral,
Jow P S e dal D)
220835 3l el 5eY) iiaial)
s M) gt ()
) Baaa dadia Ju

J)S."\J \.JSA} Gew‘
Alaall oda |

oseh O Gagyaad) (e

4sc ¢b 4lay Chaal 28yl

——

Jsaanll 5k 5 alasiny)
u.A.H Lﬁmj ,QU\:\..J\ ‘Ac
sl cligndas o L
43 i, Application Web
bl clindaill aa gl Slagdas
Sl mdas el e Lo )
, Desktop Application
Dy Al ol Dkt el
chw ik de o A
ae b oSy L sl

aal o Coeh sl ASd ) seds e
web ) cu sl clinhal Ciew saaa
Laial zal A5 (@pplication
das nddd acy aade glag e o
O Lgahadial Sy g clelindal sl
XYY D La sC.J..a_’LAJ\ A
led aadiaall () cligdal)

u.uL'd\ L_\Ai EAN U=,
QM llee_bq O;j}ll e e

T e — =
’ (Ca d‘)'k'.' &._‘5"5” d --—.._.‘_" ;

_-_—_Im '”.]'“O_A“' .

LeDls e agd
Jpandl | pnplating 4
Gl 5" e gledl) e
CJ_.A_'LAJ\ Q_L_u\)_g
, e dS e it
el e s ‘
DA (e aa LSSl

Gl gidl 8 s LS & el

AL e ) e Y

ﬁ d_.AA__g_mJ coj\_H
' oAl e Wil aaaiuall

RO RINERR

“‘——'uﬁ Sy Sl duually

P e L Jasll
.‘,.S,.. L. few Mi

Y Lol Lol (e

c@\ﬁ L) eaa_\....mj' A \@dcu.a
crieaial) ) Andeall Ju s 35 3ali
Ly adl g Jbai¥) gdadiy o

5
y .3

FC 1s

s
&
=\
»

— . P

ﬂ' www.altarig.ps Al Jeladl 8 330

fldiall g Al g jUall Sy

i



@3..4_"\.‘\ ‘_;\ HTML o) 3a ‘f
Dl St Ml st

CA..A_\.AJ\ bJP}AJ\M\
JS@A_ALA 4018 4dadh Sl aa S

s, Rl o
Gl 8 ) da e oLl
prdiuall asiy )l Le | addiodll
, ekl € gl 1aa 8 alesy
oostad) sy raadl) 5 Uiy
s, anle) delu S e Gl
Soa 5 AT Ak Uyt | ARl
S sy, phaaiall gain
L.,SJ.J oYL 5, Sl 3 0 el
Dial Up sl Juasyl

e Al cilinlail) & Ly
Cuaa L aling a1 ol sy
) L) aty AN bl g
A zlas Al bkl a8 )
:i_k_u\}_} SUA ?‘LU! Laa L"_t_péq
Engine AJAX S & aa
JavaScript 258 o= ske s
aala iy JUl ) maaial)
G dadall IS Euaaiisile)
e Jaall alial g pasionall (Say
Cllall Jlw ) oty Leiyy Aadall
iasiall (e dasall g all Enaatg
) L)LQ.A [JPERLS f\_c).m 9 Lsa
LGald) Ly

Jelis cllee a5 Adull Y
Alinhi e JS A paddul
ol clanlaty Aaal cy )

s oSy e dald)

D AglEl) G o) ke
e dailall ol e D

, oS) S Aplaall 028 pra 63l
s a8l e Ui 33l lises
List i ) aas paic il

U'“ Sagad) aN¥la (e Jodadly
CAadal Jraadsale) g 8 )

C.LAJ.A %9\ GJLL@.A\JA.\»:\ USA.U
e s 35S0l bl ac

(Document Object
Jelaill s 4 2 Model)DOM
JavaScript

Traditional Web Architectures

—

User
Interaction aﬁ

—

Processing

AJAX Based Web Architectures

Interaction

_,G

Processing

_ﬁ

Time

Processing

é = Server Request

Explorer Internet e
Fire Fox e

Opera e

L e

F AJAX QI Jerd G

, oSaYl Jae asgia maaasil
Clapdai Jeo (g 43 )lia Jard o gu
ool it g Al ()l
L oSlaY! e dall

0555, A lEll ol il b
o Aliaia ariivall cillalis e
i, ol ) il Jlu )

i< 3
dat—s-d XMLHttpRequest

PREN]

A golial e A XML 4
Ll 4l glias

Lgeal i

saclie dlyu S aadins 4l oda
Alelatl) g pl) iy b sl
sl JeoY dalall die g Cuay
dadia (8 Lga e syl
(= Aadiall Jesdsale) (s Ame
i Lgdad o A) S 2

g www.altarig.ps

Tl Jstall b 30

@,w\,?zm@mmﬁg




Cad o g pSala Crald i gl
aia A WS acd Cpaaly
o Gy b Pl e i Gl
OSan, ie sl | Atlas

Loyl )l 138 4xal ya

http://www.asp.net/
default.aspx?
tabindex=9&tabid=47

oLy cliiisll s3a aladiul (Sa
O e K1 dle 6y g il
b ol Sl mllaas
O Gl o) Gaie g4 oS gal)
?Jj ecalyial) sda JS FRENE Caaat
s faals mllaas 8 la juaidi Y
2oy llad) 5 G 4lad L
Sladl (B JSyy @l
oad 3 O (s eclaiiall
http://del.icio.us/) u-Slal
—3s+— 4 (tag/ajax
L5l wle s sl del.icio.us

Aol sda e Chaad ‘";ﬂ\

fousla) ciliphl juay o) La
laias ?M @d\u,l\ LM.\.\L.'
Seldr I s Ll jaab GuSla|
[BEE) BJA_JZJ\ LB'.)'“.A:’J eJA_"\.uyd\ &
) Agalall el 5l 5yl gl
JAuJ 1PN ‘f (‘.\M\ ety
& e Y

http://) oo W deas
(lwww.tadalist.com
3 ke deadll (Slal s aadius
LY Alaa s das g Gkl (e
ail 58 5 e oLl alaind ool sl
arhind Aaild S Loy oaadl 2aS
Siad cLalaill pe (Aed ¥ 2ae dil)
3155 ) LS Al L) i,
aild g il jidie Aald 4 ola Sla)

PRI AL gﬂUAJ ‘@JuA
http://tadalist.com/)

<2< 0 (lists/public/1605
Janall o3 e 32l (Sa

(ST RPREGANON | UL g PP AV
caaiall Lelady cliy S JBa
A5l LAl " dsdall el o g
DS b il s 4y Hhall 03¢
Clilull 43aS oY 4S8 jolias (e
4 Cua) 4l Lol 4y (o g Al
salely L) a iy o QY1 e la Y
s iall JllS Jlay)
Cigy, sl Liafl | (miaial)

g g dadia Lnal () (o il
ae Led o Al o (g 5iad
Ll G yidil g aliall (e de sana
B (e pl ot e 22
e Aadd) L das aie 4l
Liaia Ladic 4 (ayiaell
asls Ml ) ardiuall

Llasiul JAS) | dasall moas
..... Jadd (g

e il (o JSAL any 5 10
, “g_f‘m\ ua.a_:.ﬁaA)A\:\:\.\sﬂ\oM

il Javascript Jb Al
Gt DLiCa Jany () shaall L8
L Alanl) o328

DWR :
http:www.getahead.lt
d.uk/dwr/

Sajax:
http:www.modernmethod.co
m/sajax/

Ajax.NET:
http:ajax.schwarz-
interactive.de csharpsample/

default.aspx

saall Al Jle b (’Jﬁ iaaall
) Laila) i Gl g 58 s )
gl edd 8 il sacld
Ladall 5 53 ga gall Aadlall Cypaas

" sl dedlly

i, Apadanll gl clipdas b
y Aol G Baaadl dadll Jlu )
ot Aatlan dnleny 80l o )
Ll sacld s gy 5a5) iyl
BREININEVEN NI JUSPR
st Cumg Baaa dadia Jlu L
OsSS Spay ) alaae dedld e
Crad M) yuaiall le 4)5ins
Ly k) sia 8 4l Jasdl | sl
, il plaell Aol sy
suaall dsaiall oy Jaadla 43l Cua
ondd a8l Ladte) S
duaeill (3,8 aw ) (Y1 dadial)
13 5, Jaih AilEll ) jeaic i)
adls 8 4l i ey Y
Jie 5l (s ginall i3 Ciladiall
&M\&P,mammé}))m
Jaant gedaiiall JS Jpead sile)
e Al gl cliplai b Laiy
Als) pais Leld | LaSLaY) agiis
O iSay € ) gl
Asdall e ol yall ¢ yall Jael
Leliansoale) L)) ylacal ¥ Cuny
e Sd M ana e 8l (e
)by aSla) il o 5
il Lgisla) i) Aol
oaig¥ Cag™ alall (88 sl
Juail mid oy Cupa | addiosd)
dodad a3 Gy, " 8l o b
oSy daaall e Al el ¢ 3all

ﬂ' www.altarig.ps 4l Jslall & Ba

bl g il ) A5, G



&t oSlal Lyl
http://del.icio.us/taq/

ajax
LanS g A Sl
http:en.wikipedia.org
WikiAJAX
SIS b pSla and
http://technorati.com/
tag/ajax

Very Dynamic Web
Interfaces
http:www.xml.com/)
pub/a/2005/02/09/
xml-http-request.html
) Clgal sl aaaiy puSUa
http:/ www.lukew.com
resources/articles/

S JUal) adila jaddl) aadtig
S 5 gl pall ghasil S 4yl
a2 Y o3y eal¥l da s
Glabia¥ (g 50 SN ey Sl
L § 5 el (o saadiog 38 Lalall
Gl 5 oy Sl ac xi Y digea
1AL e 5l Bada 65 () uSlal
OF sl clinhs )ik o

Y el Al Al g 15 5
ey (3lads Al Adasil)
Aladiatddl JS Luld (Cladiaiall

ajax_design.asp

e\\’\"\ml 3:&;( dP L;.u: Q)
oSlal
http:www.webpasties.
com/xmliHttpRequest
(s Jha

O (3L 6 (Gudat fLAHL o i1
dagill e o addiuall aul i
Asdall Jrasisale) o snal

(e Akl o i 5301 il ) S5
. . ';

praians index.html —ls
JAala egA_LMM ULl (ya yal

)..ax:

uae o lagdiv id="foo"™>
</div><lld)

a2t validate.php <k
ULl Qlal

index.html «ila &b gisa
(3 pd, Jsddl ki) )

validate.php il @b gisa
Alall 385 25 Lo die Calal) 138 Jany
Jduaiyl (S LY validate()
shal) L Y Galadl 8 anally

(468, 5

Lo o L (Slaf il pe i
O @l sall sk i clindail) ) sha
‘:szu.\)j\ Gladaidl JSSL«;JJS};\
AUS dplac apBad ey 1dag
Lena 830y ) 5 liglatl

A o3 pa3ild bl g
oeSla) LS andind s ga 4S50
PEN A:U.gdi“l.@.iuqso‘%md\g
Lilyay Je e dle gana ydia
3oy (A5 A IS 5 dasa
Kl ) guall
http://www.gmail.com
http:qgroupsbeta.googl
e.com
http:www.google.com/
webhpcomplete=1&hl
=en
http:maps.google.com
http://www.flickr.com
k:;\.;_.! dJA_AJ UA_SL;\ (aJ_';_“\_uﬂ
Okl

U= La ae shttp://a9.com
;3\},;1\

Jr e 4 5e 2 e Sl a3l
& OsSUbh Gl e sl Ty
Lgman 5 Wy shai

Crad 13 calaaiuy) dlgw Aol
e Of Ul clile Leud Janaailly
Sle daiad sl cul ey
Gk kil gl Gl
Gyt K18 dlday ) oS sl
o dlile Lo dails 6 saal s dkais
Gl yelati ALy ) e ks
Lo ALY dalie gl 3aaa dadia
giatiall Jo b Ju oY) ) e
Sl )#j JJJ..AM ‘_A\ QU\,)..J\ XYY
Cayial 285 Aailal) b 30a Andin
RAVIENEU AT

2By 5 yilia Wl yiud Lo ddads culid
gliss O O Aadlall ) bl
3uaa dadia leh) L mivaiall
£ iy asiy mhuaidl (ol
alie b Ly dsdiall (e Jags
WSy puaiy ¥ s dadall
http://) ca,=d) s s1alis
www.tadalist.com/
sl padiud aS agdll (theater
oSl @l deadl)

msbid Gusla aladsia) clala

| iliadatl)
PR I u—‘Js“ ihiaill o
(oaSlal s acad Ciladiaidl
Vol e A dllaa a0 (Sl
S Aaa Cladialie aadd
Al e Juady el  AY
e__p_;_:, N 23,,.'. s gt o
piddiig a8 sl s Sulilal)
aed aly 4 Goaa Gadiaiis
X PRy WD\ I B ST E BN

g www.altariq.ps

Tl Jstall b 30

@JW\JM@M\Bﬁg



Al Adud)
hear
<htuls» - . “ - e
<heads 3 ad) Jsd el Gl ae Jaladll 4l
S 2 UTF-8 Joa s plasial Jsi
‘ A Caead a8 ) STl 4l
if (navigator. appName == "Microsoft Internet Explorer™) f 5 &5 i \A‘y‘ e Baa B S8
http = new ActiveXObject("Microsoft. MLHTTP™) U . U }..uds.' ”u::.o - i{Sﬁ
}oelae { u)&uijuj@AJM\j‘;\h\
http =

newr XMLHttpRequest(); EJQ\} EJP}A\ ).JLAAM
\ . >

function walidate(user) {
http.ahorti);
http.open("GET™, "wvalidate.phpsname=" + user, true);
http. onreadystatechange=function() |
if (http. readyitate == 4)
docunent. getElenentById('foo' ). innerHTHL = http.responseText;
}
'
http.send(null);
}
<jscripts
<style type="text/css">
fwarn [ color: #C20000; background: #FFCIAG }
gnotice { color: #245401; background: #CCFFEC )
<iatylex
</head-
<hady-

<hl>Please choose your usernawme:</hl>

<forw-
<input cype="text” onkevup="walidate(this.walue]™ />
<div id="foo"x  dive

«/forws

< /hody
</htul>

k7php

function walidate(éname) |
if(fname == "'}
return '';

if(strleniéname) < 3)
return "{zpan id=Y"warn\"-Username too short</spansin’:

}

switch(gname) |
cage 'hob':
cage 'Jin':
case 'Jjoe':
case 'carol':
return "<span id=\"warn\">Usernaue already takend/spans\n"”;

return "<span id=\"hotice\":Uzername ok'</spansin”;

echo validate (trim(§ REQUEST[ 'nawme']));

>
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.Registry
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key  Value
RegDeleteValue
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RegSetKeySecurity
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Classes
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.RegEnumValue
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Restore, Backup
Long samDesired

key
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KEY_CREATE_LINK

KEY CREATE_SUB_KEY

KEY_ENUMERATE_SUB
_KEYS

KEY_EXECUTE
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KEY_READ
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The System of Profound knowledge
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1-10verview

Desalination is a
water treatment proc-
esses that produced
fresh water, that is low
in total dissolved solids
(TDS), from brackish or
seawater, that is high
in TDS. So that it can
be used for drinking,
agriculture and indus-
trial processes.

In many places of
the world only sea-
water, brackish water is
available. This leads to

L

A Review of Solar Desalination

an increasing interest
in desalination tech-
nologies, so that,
drinking water of ac-
ceptable quality has be-
come a scarce com-
modity.

Fresh water
forms only about 1% of
total water available on
earth. In the gulf area
95% of its water supply
is obtained by desalina-
tion of seawater. A re-
cent study shows that
the demand for port-
able water in Egypt is
estimated to be 12.9
x10° m3/yr, by the year

éalan

2025 almost 3.5
times the present
demand shall be
needed.()

The majority
of distillation plants
are installed in
Saudi Arabia , Ku-
wait and the United
Arab Emirates. Half
of world desalting
capacity is used to
desalt sea water in
the Middle East and
North Africa, Saudi
Arabia ranks first in
total capacity about
(2;1% of world's capacity.
2

2-1Historical
background

The hydro-
logic cycle provides the
Earth with a continuos
supply of fresh and for
most part distilled wa-
ter. The sun drives the
cycle by providing the
energy to evaporate
water from ocean. This
water vapor, which ac-
cumulates as clouds,
condenses in the cooler
upper atmosphere and

il a9
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falls to the earth’s sur-
face in the form of rain
or snow.

A major step
in desalination develop-
ment came in the
1940, during war I,
when various military
establishments in arid
areas needed water to
supply their troops.
The potential that de-
salting offered was rec-
ognized more widely
after the war and was
continued .in various
countries. \?

2Desalination
Technologies

1-2Classification of
desalination processes.

Several methods
are known for the pro-
duction of fresh water
by desalting of sea-
water or brackish wa-
ters. The methods of
water desalination can
be are classified in
many ways, one of it is
the dependency of
thermal energy for de-
salination. The differ-
ent processes can be
divides into thermal,
solar thermal and non-
thermal processes. 3)

1-1-2Thermal processes

L

This processes can be
subdividing into :
-Multi-stage flash (MSF)
-Multi effect distillation
(MED)
-Vapor
(VO

Compression

All are thermal proc-
esses which produce-
distilled water typically
this distillate is very
pure with low TDS. En-
ergy required is not de-
pendent on the salinity
of the feed water.

2-1-2Solar thermal

processes

This processes reveal
two sub-groups, direct
solar thermal and indi-
rect solar thermal.

i- Direct solar thermal
processes :

-solar still

In which the solar col-
lector and the desalina-
tion unit are one inte-
gral unit.

ii- Indirect solar ther-
mal processes :

-solar pond

-Solar collectors
-Photovoltaic

Where solar energy is
first converted to us-
able heat or electric
power, which is then
used as the energy
source for the desalina-

tion plant.

3-1-2Non  Thermal
Processes

Non thermal processes
can be subdivided into:

i- Membrane processes
-Reverse Osmosis (RO)
Electrodialysis (ED)

Both technologies re-
move water from the
salt, which means that
their performance is
directly influenced by
the salinity of the feed
water.

ii- Chemical
4

processes
-lon exchange

Desalination processes
with technical impor-
tant are, multi stage
flash, multi effect distil-
lation, reverse osmosis,
solar still, vapor com-
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pression and electrodi-
alysis.®

The multi-stage flash
distillation and reverse
Osmosis are the most
common ones, these
two processes make up
about 86% of the total.
The remaining 14% are
made up of the other
methods, e.g. multi ef-
fect, electrodialysis, va-
E)g)r compression, ...etc.
1

2-2Solar Assist

Desalination.

Sunlight is one of
the several forms of
heat energy that can
used to power the de-
salination plant. It has
the advantage of zero
fuel cost but, it re-
quired more space for
it’s collection.

Arid and sime-arid
zones constitute approxi-
mately 40% of the earth’s
land area and high level of
solar radiation and shortages
of fresh water in general,
characterize them. Such re-
gions often possess reser-
voirs of either brackish or
saline water that may be
used for both
drinking and irrigation after
suitable treatment. Solar de-
salination

systems may be an

source of fresh
water for broth drink-
ing and a?riculture in
arid zones.®

ideal

Particularly in de-
sert arid areas, where
the incident solar radia-
tion averages 50 6
million kWh/day/km?
(see Fig. 1)6). These
areas are often devel-
oping countries; funds
and local support for
sophisticated technical
systems may be diffi-
cult to find.

The future deple-
tion of conventional
fuel resources will ulti-
mately lead to a wide-
spread harnessing of
solar energy. An accel-
erated utilization in
near future, particularly
for the purpose of
seawater desalination,
will however only take
place at an important
scale, if desalinated wa-
ter can be produced at
costs which are com-
petitive to those result-
ing from the produc-
tion of water with al-
ready existing plant op-
tions consuming fossil
fuels (e.g. reverse os-
mosis, vapor compres-
sion or direct fuel fired
multidstage evapora-
tion plants). \¢

It’s likely to be a

key technological de-
velopment in Meddle
East region for the stra-
tegic objective of sav-
ing fossil energy and
the global environ-
ment. The use of fossil
energies for desalina-
tion leads to an envi-
ronmental load. The
water supply system
using big plants run-
ning with fossil ener-
gies, however is not al-
ways an economic solu-
tion.\!

Egypt would be
considered as one of
the richest countries of
the world in the solar
energy potential. Most
of the Egyptian receive
considerable annual av-
erage of solar radiation
between 5.6 (kWh/m?/
day) at Marsa Matrouh
in the north coast to
6.5 (kWh/m?/day) at
Aswan in the south of
Egypt."?

There are three
basic ways in which so-
lar energy is used to
desalinate  saltwater.
These arel®):

i- Solar humidification

An example
of this type of process
is solar still, in which
saline water is heated
in a basin on the floor
of the still and the va-
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por condensed on the
sloping glass roof that
cover the basin. Appli-
cation of this type of
solar desalination is
best suited for small
scale used by a single
family or small village.

ii- Solar Distillation

In this proc-
ess, a solar collector is
used to concentrate so-
lar energy to heat the
feedwater so that it can
be used in the high
temperature end of
standard thermal de-
salination processes.
This is usually a multi-
ple effect or multistage
flash process.

iii- Desalination with
Photovoltaics

Desalting
units that use Photovol-
taics electric energy
have also been built to
operate standard de-
salting processes like
reverse osmosis or
electrodialiaysis.

3-2Scope of this Review

This review pro-
vides a state of the art
reporting some of the
technologies that were
developed to desalinate
water with assist of so-
lar energy.

3- A review of solar de-
salination plant .

Solar thermal
systems that produced
potable water from
salty water have been
studied for quite some
years, and the use of
solar energy to produce
potable water was
known in ancient

Egypt.

Various solar
thermal systems have
been presented in the
literature, these differ-
ent technologies ware
tested in many parts of
the world under several
conditions with respect
to some criteria such as
plant capacity , quality
of product water , sim-
plicity of technology,

distiller, has the advan-
tage of low installation
cost, but it has impor-
tant disadvantage , low
efficiency.

3-1 Multi flash desali-
nation unit coupled to
a solar pond'?.

A prototype multi
flash desalination unit
in conjunction with a
salinity gradient solar
pond is being investi-
gated at the “ Labora-
toire de Techrmique
Industriell”, Tunisia,
with the financial sup-
port of the secretary of
state for research and
technology. The pur-
pose is to increase the
efficiency of such plant,
preserve fuel resources
and reduce environ-
ment pollution.

Cost, etc..., the most
studied model is the Fig. (2), show the
solar still type solar multi flash system cou-

7

g
4

I'Low Convective Zone
2:Non Convective Zone
J:Upper Convective Zone
4:Brackish Walter Intake
5:Frea-treament of water
3: Multi-Flash Desalination Unit
I Prea-heated brackish water
§:Heat exchanger
3:Brackish Water to distil
10:Heat exchanger
11:Brine discharge
12:Distillate

]
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pled to a solar pond. A
laboratory prototype
was constructed and
tested under different
conditions, such as
brackish water tem-
perature and its flow
rate, vacuum inside the
evaporator chamber
and spray methods,
etc...., to test its effi-
ciency at temperature
similar to those of the
solar pond.

The experi-
ences covered a wide
range of temperature
(55°C to 80°C) and vac-
uum (-0.6 bar to -0.9
bar). To increase
evaporation, spraying
of the brackish water
was experimented. In
this case 8.6 L/h was
distilled at 70°C and -
0.9 bar. Since this re-
sult a new simulation
of the solar pond cou-
pled to 10 desalination
units of 1m? each
showed that 15 m3?/day
of distillate can be pro-
duced.

3-2 Small scale solar
pond powered sea-
water desalination sys-
tems °©

The described
desalination system
consists of a solar
pond as the heat
source and an Atlantis

L

"Autoflash" desalination
unit; one of the cheap-
est ways to use the so-

lar heat is achieved
with a solar pond. The
schematic operating
principles of the solar
pond powered desali-
nation system are
shown in Fig. (3).

Performance
and layout data were
obtained both from
computer simulation
and experimental re-
sults with a small sized
solar pond and desali-
nation subsystem in
Switzerland. The eco-
nomical assessment,
which is presented for
North African climate

conditions for actual
small scale systems.
Potential further cost
reductions through up-
scaling and serial
manufacture will lead
to the use of solar de-
salinated water at com-
petitive price levels.

The Autoflash
process is based on the
Multiple Stage Flash
process (MSF). In this
process, the sea water
is sucked through a de-
aerator into the desali-
nation unit.

From there it is
pumped through all
condenser stages (tube
heat exchangers) and is

End-heater

Autoflash
desalination plant

Deaerator

N\ Flushing layer

\ Gradient layer

‘: Storage layer B /

shows the
boundary

conditions,
economical

Seawater Product

preheated by vapor
condensing on the
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outer tube surface,
which thereby releases
its latent heat.

The vapor is generated un-
der subatmospheric condi-
tions in

the adjacent
evaporators Fig. (3) by
extracting heat from
the preheated sea wa-
ter. Both, the distillate
and the remaining sea-
water are directed
separately to the next
stage where flashing
occurs again because
of the lower pressure
prevailing in that stage.
This process is re-
peated in the following
stages. The bulk en-
ergy used to evaporate
sea-water is recovered
by the sea-water flow-
ing through the con-
densers. The required
external heat is added
in the end heater.

When a MSF
plant is coupled to a
solar pond or to any
variable heat source it
cannot be operated at a

constant tem-
perature or raw
water flow rate, =

which results in
an ongoing
change of the (r
pressure differ- (s
ences between (g
the stages.
Thus conven- (
tional plants (
with fixed ori- ('S
-

fices and weirs
to control inter-
stage pressures
and levels are XN
not suited for [lie

this kind of applia—

tions.

Atlantis has
solved these problems
with a proprietary pas-
sive inter-stage pres-
sure regulation system,
which is individually
self-regulating at each
fluid passage between
the stages. This is ac-
complished without us-
ing mechanical or elec-
tronic control devices
which are bound to fail.

The latest solar pond project

. r
1 N N

“is shown in Fig. (4). This

solar pond will be coupled
to a 5 m*day Autoflash de-
salination unit. The pond has
already started operation,
and the desalination unit
will be installed in early
1999

Fig. (5),
Small scale Atlantis
"Autoflash" desalination
unit

Fig.(5),shows
a picture of this small
scale desalination unit,
which is constructed of
highly corrosion resis-
tant materials. The
overall system will op-
erate automatically and
is equipped with an ex-
tended measurement
system, which will pro-
vide valuable perform-
ance data and enable
remote supervision of
the system.
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3-3 Multi

Effect Stack
type (MES) distilling
plant coupled with so-
lar collector'

The Abu Dhabi
solar desalination plant
started operation in

The Abu Dhabi solar
desalination plant
started operation in
September 1984 and is
still operating until
now. The plant was de-
signed as a pilot unit
for evaluation of the
technical feasibility of
such plants for supply-
ing fresh water to re-
mote arid coastal areas
of the UAE.

The plant is de-
signed for an expected
yearly average fresh
water production of 85
m3/day. A simplified
schematic of the plant
is shown in fig.(6)

subsystems, The solar
collector field, the heat
accumulator and sea-
water evaporator. The
specifications and de-
sign features of the
plant are summarized
in table (1).

The tempera-
ture of the heating wa-
ter supplied by the
heating water pump, its
flow rate and the sea-

Al A

The plant water temperature in-
consists of three main  fluences the distillate
Site Data .
Annual mean daily solar radiation 5,000 keal/m” day
Annual mean ambient temperature -30°C
Rainfall 18.1 - 360.1 mm/year
Design seawaler t2mperature 35°C
Design seawater salinity 55,000 ppm TDS

The Snlar Collector Field

Type of collector

evacuated tube, flat plate

Total absorber area 1862 mr
Absorber area per single panel 1.75m'
Selective coating absorptivity a 2 0.91,

emissivity £ $0.12

_ The Heat Accumulator

type of heat accumulator

thermally stratified, sensible heat

accumulator fluid water
f total capacity 300 m’
: no. of tanks 3
.' tank pressure atmospheric pressure
r insulation 10 cm fiber glass
' MES Evaporator
Rated capacity 120 m’/day
Number of effects 18
Number of preheater 17
'_ﬁ_ specific heat consumption 43.8 keallkg- distillate
,r Performance ratio 12.4
i product water quality 50 ppm (T.D.S)
Healing walcr quantity 1.5 ton/hr
Sea waler requirement, 42.5 ton/hr
Design sea waler temperature 30°C
T.D. S ofsca water 55,000 ppm
Blowdown Brine temperature 43 °C
Brine blowdown concentration 1.4 times sea water salinity
antiscale dosing rate (Belgard) 10 ppm
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production.

3-4 Solar powered
evaporation distilla-
tion."

A practical scale
desalination system
harnessing only solar
energy as the heat
source from solar col-
lectors and the power
source from solar cells
is in operation at the Al
Azhar University in
Gaza. The unit was de-
veloped and manufac-
tured by the Ebara Cor-
poration (Tokyo) and
the Water Research
Center in Al Azhar Uni-
versity is performing
the tests for the sys-
tem. The unit is consid-
ered as a zero-emission
(zero-brine-discharge)
system, and the desali-
nation method s
evaporation distillation
with triple-effect evapo-

rators. This paper de-
scribes the unit, dis-
cusses the method
used for distillation and
results of the tests dur-
ing the testing period.
It also shows the feasi-
bility of using the sys-
tem in our region.

The desalination
method used in the
present system is
evaporation distillation
at low temperature with
triple-effect evapora-
tors (solar radiation en-
ergy is used three
times for distillation
operated under vacuum
pump). Schematics of
the system shown in
Fig.(7). A thermo-
siphon system was
used in the collector.

The thermal medium is
pure distilled water and
the air in the solar col-
lectors evacuated by
using a vacuum pump.

The movement of
steam from the solar collec-

tors (high pressure and tem-
perature side) to the first
evaporator (low pressure
and temperature side) where
later it condenses in the
evaporator, and pure dis-
tilled water moves back to
the solar collectors by gravi-
tational

In the first evaporator
the raw water is evapo-
rated with the heat and
the steam is fed to the
second evaporator. The
steam entering the sec-
ond evaporator causes
the raw water to evapo-
rate and is itself con-
densed to distilled wa-
ter and passes to the
distilled water tank.
The raw water in the
second evaporator is
heated and generates
steam, which is passed
into the third evapora-
tor, heats the raw water
in the evaporator and
itself condenses to flow
into the distilled water
tank. The steam gener-
ated in the third
evaporator goes to the
saline water tank and is
cooled to condensate
by using a condenser in
the distilled water tank.

From the re-
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sults obtained during
the first year of opera-
tion, it was clear that
the highest solar aver-

age daily insolation
(29,491KJ/m%.d) was in

use of the humidifica-
tion dehumidification
process. In this process
air is heated and hu-
midified by the hot wa-
ter received from a so-

highest daily produc-
tion of 204.5 1/d, while
the lowest was in the
month of December,
where the highest pro-
duction is 85 1/d with
insolation of 10,195KJ/
m2.d. December has
only 1 day of zero out-
put. The average
monthly variation of
solar insolation.

3-5 Solar desalination
with humidification de-
humidification cycle'.

The most promising
development in solar
desalination was the

| lar collec-
_ ® tor; then it
1- preheating - is dehu-
2- feed tank midified
3- condenser in a large
4- collector surface
5 -humidifier condenser
6- rotameter 1 [ using the
7-air blower @ ®@lsaline
® ® feed. Most
ﬁﬂ__[j—- of the la-
@[h ,__“_.___.8 tent heat
ey BN G of conden-
e L’sation is
used for
preheat-
ing the

feed.
June-July, with the Different

other places. Productiv-
ity of these units varied
but was as high as 15-
20 1/m?/d , which was
of the order of 4-5
times that of the single
basin still.

The MEH units
was built based on a
closed air, open water
cycle, and consisted of
a humidifier, flat plate
collector, and cooling
coil condenser. The
unit was provided with
an air blower water
pump feed and pre-
heating tanks as shown
in Fig. (8).

This unit was
found suitable for wa-
ter solar desalination.
Daily production of

Fig. (9), Picture of collector fie

plant.

multi effect humidifica-
tion dehum- idification
units (MEH) have been
built and tested by dif-
ferent German firms in
Indonesia. Portugal, the
Canary Islands, and

121/m?/d was achieved
which was over three
times that of the single-
basin still

3-6 Multi effect humidi-
fication coupled with
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solar collectors’

In May 2000 the
SODESA pilot plant was
installed on the test
field in Gran Canaria,
Fig. (9) shows the col-
lector field of 8 collec-
tor modules. The Total
aperture are of the col-
lector field is 47.2 m°.
In the house behind the
collectors the 6.3 m?
storage tank, the multi
effect humidification
(MEH) distillation unit
and the water treat-
ment unit is installed
together with the data
accusation system.

The system
successfully put into
operation. The design
value for SODASA pilot
plant is 600 litters per
day of high quality
drinking water.

The collectors

are especially appropri-
ate for solar thermally
driven desalination sys-
tem as the seawater
can directly be heated
up in the collectors.
This means that no
heat exchanger is
needed to connect the
desalination unit to the
collector field. For the
development of collec-
tors with corrosion free
absorbers at high oper-
ating temperature
90°C, no metallic mate-
rials, which are nor-
mally used for solar
collector absorbers, are
used.

The absorber
consists basically out
of selectively coated
glass tube and silicone
header channels. The
materials of the ab-
sorber construction are
seawater proof and
temperature stable, to-

gether with the very
good selective coating.
A zigzag reflector was
used, the gap of one
tube diameter between
two tubes and position
a 90° reflector under
each tube. Fig. (10),
shows of the collector
design.

The new collectors can
in principle be applied
in all thermally driven
desalination tech-
niques. They may also
be used in PV driven
RO system to pre-heat
feed water.

The first operat-
ing experiences of the
collector are very good,
both with respect to
thermal performance
and efficiency as well
as to system behavior.
The system will be
monitored for one year
up to the end of the

X
T

L
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project in June 2001.

3-7 Solar thermal de-
salination with Multi-
Effect Humidification
(MEH) method '

Fig (11) , show
test prototype of solar

T i e e

thermal desalination
system located near
Muscat / Sultanate of
Oman. This plant was
designed by SolDesal. It
was set up in March
2000 in co-operation
with Sultan Qaboos
University of Oman and
the solar Collector
Company Germany.
The main task of the
project is to show the
long term reliability of
the

Desalination method.

The project is
commendably funded
by the Middle East De-
salination Research
Center (MEDRC).The
unit use Multi-Effect
Humidification (MEH)
method to produce dis-
tilled water of very high
quality. This water eas-

s e tem e e

ily can be mineralized
to get fresh water for
drinking or irrigation.
System is used to sup-
ply of small communi-
ties in decentralized
areas. The daily water
production is between
500 and 5000 liters of
fresh water.

3-8 The moisture con-
densation system '*

The moisture
condensation system is
derived from the solar
still method and ap-
plies conventional hu-
midification engineer-
ing to improve the sys-
tem efficiency, main-
taining yet the out-
standing characteristics
of reliability, cost re-
duction and minimum

maintenance require-
SOLAR ASSISTED DESALIMATION SYSTIM BY CORDIMSHG AR MOISTURE
soawnbir inlol
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The concept re-
lies in the psychometric
fact that water contents
of one cubic meter of
saturated air depends
on the temperature and
may reach values of
200 gr. At tempera-
tures of around 90°C.
Instead of moving wa-
ter and separate the
salt, the system moves
air, which is saturated
with the highest possi-
ble amount of water
and condensed with
the same water source.
Then, the system
avoids the pretreat-
ment and chemical
uses and the handling
of brine and stead uses
the humidification
physics demanding:

a.- Heating the air.
b.- Moistening the air
up to the saturation
level's.- Condensing the
saturated air.

The concept
schematic is presented
in figure (12), where
the water and cooling
source is considered
the sea at temperatures
of 15 to 20 °C to guar-
anty the standard op-
eration in most Medi-
terranean coastal areas
during t he

] . Controlum!

L I PV-pump

DC/3 phases

mE e .60 Hz
mer

P\ - medules for submersible wa
pumpmeg svstem , Total power 9800 W P
Lo B i
L
mEw | Eee
| e e EN-‘J

W modules Tor water desalimatiom S

Electnie Encrpy
F'otal capacity 264 kVA

SysICm

Tetal power 10081 \l.'p

* |.C.C: Electronic charge
controller with MPP

summer time.

Additional com-
ments to the system
schematic are the pos-
sibility to supply the
electricity for fans and
pumps via PV modules
due to the perfect
matching of heat and
electricity demand ,the
system capability to op-
erate in a continuous
mode by implementing
a back-up module .

3-9 Coupling of PV

Solar Hatlery for
age of

cve

Submersible
pump

Head 50 m.

Product Water
distribunion
0 constners

=z Ultrnviolet Lt

Reject brine proposed to be utilised
into the assemblies of solar stills

powered RO brackish;...=..'.{.I.I.............

water desalination
plant with solar still'®

The Energy Re-
search Institute of King
Abdulaziz City for Sci-
ence and Technology
(KACST) has designed
and install the Sadous
PV powered water de-
salination plant for ef-
fective utilization of
inland reserves of
brackish water by local
inhabitant. Fig.

(13),
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shows the line diagram
of Sadous plant.

At this plant
the RO unit is produc-
ing portable water by
reducing the TDS from
approximately 5800
ppm to about 150
ppm. The RO is con-
verting only 30 % of the
total input brackish wa-
ter to product water
and the rest (i.e. 70 %)
is rejected as concen-
trated brine.

A solar still
plant capacity of 5.8
cubic meter distillate
per day is proposed to
couple with the exist-
ing PV-RO plant in or-
der to utilize most of
the reject brine instead
of throwing on the
ground. The proposed
design of the solar
still assembles can be
applied to configure a
100% solar powered de-
salination system for
any location and quality
o} f
brackish water.

The proposed plant has
an effective evaporat-
ing surface area of
1449 m2, distributed
over 1380 stills, which
are grouped in 46
blocks of 30 stills each.
The lay out of the plant
is shown in fig. (14) . In

general the net produc-
tion for a solar still is in
the range of 3to 4 li-
ters of fresh water per
square meter per day
with a typical efficiency
of 35-40%.

Fig.(14), Proposed lay-
out plan for solar stills.

The efficiency of
these solar still assem-
blies, will be enhanced
by 10-15% if preheated
brine is provided as an
input to the still.

One option to
preheat the brine is to
pass the brine through
the storage portion of
the salt gradient
solar pond using
embedded heat
exchanger. The
reject brine about
30°C from RO
unit will be pre-

heated up to 75°C ™™

by passing

through the solar
pond and then
feed to the still.

The sa-
line water is
flushed out of the

basin periodically. & %

The flushed brine
will be collected in
an evaporating
pond, where salt
can be removed

=i actlve-carbon
< Riter
{ " DC low pressure

brackish
wator

after direct evapora-
tion. This collected salt
can be used as prod-
uct.

The cost of
product water from
proposed single effect
solar still plant would
be 11.21 SR per cubic
meter for 5% interest
rate and for an optimis-
tic plant life time of 20
years.

3-10 Small Reverse
Osmosis unit using
PV system for water
desalination in Por-

tugal *’

Small RO systems
running on photo-

?0.micron
filter

o] o™
*??

reject watar Y

permea
waler

@
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voltaic PV system could
be used to obtain
drinkable water for life
support. These systems
can be made using
commercially available
small RO compact units
with typical daily pro-
duction of the order of
100-500 L and function
with pressure as low as
5 bar. Running on PV
modules from 50-1090
W, these units can pro-
duce drinkable water
from brackish waters
containing salt concen-
trations of the order of
5000 ppm. A unit of
this type has been as-
sembled at the Renew-
able Energy Depart-
ment of INEIT, Portugal.

A diagram of pi-
lot system is presented
in Fig. (15). The raw
water passed first
through a perfilter 20
mm, then through a
carbon filter (chloride
removal) and was then
introduced to the mem-
brane. The feed water
passed through mem-
brane and the perme-
ate was collected in
tank. Fig. (16), repre-
sent the plant arrange-
ment.

The desalination
pilot system is coupled
to a stand-alone PV sys-
tem of 100 W and 150
W, direct connection to
the pump with no bat-

teries. The operating
conditions of the tests
performed are pre-
sented in Table (3) and
(4).

3-11 Small-Scale photo-
voltaic desalination
plant in Gran Canaria. '

A small demon-
stration plant using the
PV-RO technique has
been installed at the
test field of the Energy
and Water Research
Center (CIEA) of the
Technological Institute
of the Ganary Island
(UTC) in Pozo
Izquierdo, on the island
of Gran Canaria.

N Cur, Vol . Feed Permeate System results
A v 4
“ Flow,  Pressure, Cond., Flow Cond,, Temp., Saltrej, FWR'  Specific energy
I/h bar uSlem Ik uS/em g o % klikg
i 83 317900 4l 4.38 299 34 0.43 295 90 1.8 1167
6 79 10.2° 1834 40 449 30.1 32 047 298 90 L7 92.0
T 86 1337 1904 41 285 256 38 0.26 280 91 0 1072 ‘
§ 83 14.6 E.S‘)A' 4.2 3.03 87 4l 0.19 294 94 22 106.4
9 9.1 142 1903 42 316 07 46 0.20 30.8 94 14 102.3
N Cur, Volt Feed Permeate System results
A A
) Fiow,  Pressure, Cond., Temp., Flow,  Cond, Temp., Saltrej. FWR'  Specific energy
h o bar uSicm °C Ih uSiem °C % klikg
I 69 8 1711 33 4.00 256 1.9 0.52 217 87 1.1 103.8
1 66 16 16835 3.0 4.23 28.2 1.7 0.8 290 810 1.0 107.6
I 6l 13 3 1584 28 4.35 29.5 1.4 0.69 294 84 0.9 1.8
4 56 6.8 - 1468 2.3 4.41 00 L0 0.61 292 86 0.7 144.5

*Feed water recovery.
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] PV-generator

DCH\C converter

rﬂ B v rrqe r

“harge reg‘ulamr

Battery ."_-.inr:l_{; e

The system de-
sign allows both a re-
newable energy supply
as well as a supply
from the electricity
grid. The technical
specifications are:

high pressure positive
displacement pump

Membrane type : TFC
sea water 4”

Number of Membrane :
2 in parallel

Nominal permeate
flow : 3 m3/d

Sea water salinity

35000 ppm TDS
Salinity of permeate <
500 ppm TDS

The proposed configu-
ration presents a paral-
lel connection of the
two RO membranes> A
serial connection would
lead to a higher water
production up to 30%
higher with the same
electrical load , but
with poorer quality .

L

Water storage
tank

Water

i consumplion
Vi

1
1
I
I
Sea waler

The following fig. (17),
illustrates the system
design. Technical de-
scription on the energy

supply :

PV array : 64 SI-
modules with 75 W,
each , total peak power
4800 W
Inverter :
nal power
Battery : 1240 Ah

4500 W nomi-

An average con-
stant electrical load of
approx. 2.35 kW is as-
sumed during plant op-
eration. Assuming a
daily average water
production of 0.8 m?
( 6 hours of operation),
the daily energy de-
mand lies in the order
of 15kWh, resulting a
specific energy con-
sumption of 18-19
kWh/m?3
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Universal processes for managing quality

Quality planning Quality control Quality improvement
Establish quality goals Choose control subjects Prove the need

Identify customers Choose units of measure Identify projects

Discover customer needs Set goals Organize project teams
Develop product features Create sensor Diagnose the causes
Develop process features Measure actual performance | Provide remedies, prove that the
Establish process control, trans- Interpret the difference remedies are effective
fer to operations Take action on the difference Deal with resistance to change

Control to hold the gains

L
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Introduction

Frequency: frequency is the num-
ber of cycles of a given waveform
recorded over 1second, both the
number of cycles and the time
taken for that number of cycles
have to be measured. By measuring
the number of cycles over 1 second,
the frequency of the waveform is
determined.

Frequency measurement is impor-
tant for many applications in com-
munications, process monitoring,
and control. Frequency modulated
signals are also widely used for
real-time identification problems.

BASIC FREQUENCY
MEASUREMENT THE-
ORY

Measuring frequency is a
matter of counting the num-
ber of cycles in a given time
interval. If the time interval
is 1 second then the number
of cycles counted is a direct
reading of the frequency.
The unit of frequency is
Hertz (Hz) or ‘cycles per
second’. This time interval
is often referred to as ‘gate
time’ or “‘gating signal’.
Using a 1-second gating sig-
nal is not always possible
more digits.

The solution is to reduce the
gate time, there by reducing
the number of counts. For
example, assume we have a
4-digit display and we want
to measure alOKHz signal.
The result (10000) cannot be
displayed. If the gating time

is reduced to 0.1 seconds
then the count value be-

comes “1000” which can be
displayed. Of course the ac-
tual frequency is ten times
that.

Types of frequency me-
ters:

1- Hardware
Timer (52c53):

by using

In this type we are used the
timer 82c53 (programmable
Interval Timer) to measure
the frequency.

The Intel 82C53is a
high-performance, CHMOS
version of the industry stan-
dard 8253 counter/timer
which is designed to solve
the timing control problems
common in microcomputer
system design. It provides
three independent 16-bit
counters, each capable han-

Types of frequency meter*

dling clock inputs up to 10
MHz. All modes are soft-
ware programmable.

The 82C53 is a programma-
ble interval timer/counter
designed for use with Intel
microcomputer systems. It is
a general purpose, multi-
timing element that can be
treated as an array of 1/O
ports in the system software.
The 82C53 solves one of the
most common problems in
any microcomputer system,
the generation of accurate
time delays under software
control. Instead of setting up
timing loops in software, the
programmer configures the
82C53 to match his require-
ments and programs one of
the counters for the desired
delay. After the desired de-
lay, the 82C53 will interrupt
the CPU. Software overhead
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and variable

is minimal
length delays can easily be
accommodated.

Some of the other counter/
timer functions common to
microcomputers which can
be implemented with the

byte halves. Once done, the
two halves are loaded into
the chip using OUT instruc-
tions. The loading order, set
during the chips initializa-
tion, must be followed as
low byte first then high byte.

The second OUT in-

EYELLE
PROGZAMMABLE
THER
BUFFERED OATA
cka | ?

lea T2
45

struction loads the
counter modulus and
the new frequency is

w s P En generated.

m—21rs wr o ? g our

o a— Note:

% s To measure the fre-
R e LA quency the 82c53

z:wiﬁj: setup to interrupt the
coneoL . mp after 1 second and

R mlae  ealm stop the counter and

mox = T Al we read the value of

the out of the counter.

Fig.1 Timer 82¢53

82C53 are:

1- Real time clock
2- Even counter
3-Digital one-shot
4-Programmable rate gen-
erator
5-Square wave generator
6-Binary rate multiplier
7-Complex waveform gen-
erator
8-Complex motor controller

The 82c53 consist of

three counters (count
0,count 1,and count 2).Fig.1
show the Timer 82c53.

The counters within the
82C53 are 16 bits in length
but the chips interface is
only 8 bits. This requires
that the 16 bit divisor be
separated into high and low

2- Software by using
Fast Fourier Transform in
Matlab:-

The Fast Fourier Trans-
form (FFT) is a computa-
tionally efficient version of
the Discrete Fourier Trans-
form (DFT), both of which
operate on uniformly spaced
sampled data. Both the FFT
and DFT are discrete ver-
sions of the continuous Fou-
rier Transform. The FFT is
an essential part of modern
experimental vibration
analysis. The value of the
FFT lies in its suitability for
implementation on a com-
puter. It allows the computa-
tion of the natural frequen-
cies of a machine or struc-
ture and the predominant
forcing frequencies to which
it is subjected, based on

physical measurements.

For most applications com-
putation time plays a signifi-
cant role in the use of FFT’s.
The less time spent comput-
ing means less utilization of
resources; hence, more data
can be processed in the same
time. The computation time
can be reduced using the
symmetry, periodicity, etc.
of the FFT.

The computation time can
also be reduced using paral-
lelism in FFT’s. By using
the FFT algorithms in paral-
lel, the data set can be sepa-
rated into smaller blocks.
The different blocks of data
can then be processed at the
same time on a single proc-
essor or by spreading the
data across multiple proces-
sors. There is, of course, a
trade-off with this method:
overhead of communication
between processes. To make
efficient use of the parallel
method the communication
time must be minimized.

N _I
}_ hinyx(n).e
Fr=iaa

X(k)

Computation the FFT:-

Consider the discrete Fou-
rier transform (DFT) X(k) of
a data consisting of a se-
quence x(n) multiplied by
the window function (filter
impulse response) h(n).

i{2x

N Yok
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MN=1

it = 2 SN ikt
S hin).x(n).e
n=i

tion and transformed.
The workload in win-
dowing the data re-
mains unchanged. The FFT
workload has been reduced
from a single N point FFT to

X(K")

For an FFT implementation
k takes the values 0 to N-1.
To prune the output data

only a r FFTs of length M. This

r=1 M-Il 5 | N I
1| ;'_- } = l l ."I." n+mMyxin+m i I.l ) H2mr I N N+ I

m=0 =0
r=1 M-I - e - '
Tl S L S L Nk - {2 nit k
m=0 Jﬁ]
r=1 M-I . )
SN bin+ mMO)x(n + mM e IR M )ik |

[ )

m=0 n=0

Subset of the X(k) values
need be calculated. If N can
be factored as rM and only
every

provides a small reduction
in the computational load
but now the order of the
summation can be reversed

rth value of X(k) is taken to give.
then the calculation is re- computation the FFT by us-
duced to ing MATLAB:-

It is quite simple in MAT-

where k’ takes the values 0 LAB to compute the FFT of

to M-1. a discrete-time signal x(n).
This can be rearranged to To do that, just type:
give

>> Y=fft(x)
It is seen that this is a sum-
mation of r DFTs each of
length M and that these
DFTs have an FFT imple-
mentation. In each of these
FFTs a section of the data of

where X is the vector con-
taining the discrete signal x
(n). In general, fft(x,N) com-
putes the N-point fast Fou-
rier transform of vector x. If

form algorithm is used, oth-
erwise a slower non-power-
of-two algorithm is em-
ployed. If the length of X is
smaller than N, then x is
padded with zeros, other-
wise x is truncated to N
points. To compute the In-
verse Fast Fourier Trans-
form (IFFT) use the function
ifft. In the following exam-
ple, we will learn how to
compute and display the
spectrum of a sine wave us-
ing the FFT function.
Example: The spectrum of a
sinewave

Step 1. Generate a discrete
sinewave

Suppose we need to com-
pute the spectrum of a 500-
Hz discrete sinewave, which
was sampled at Fs = 2000
Hz and has a duration of 0.5
secs. We know from Lab 5,
that the equation of a dis-
crete sinewave is given by:

x(n) = A sin(2¥%fon) n = 0;
1 ; .. ... . . ; N
(1)

Where A is the amplitude
of the sinewave, fo is the

normalized frequency and N
is the total number of sam-

=1 M-1 . .
X{AY) :L l_ o+ mMyxin+mM)e F{ 2 M Jok
=0 p=0

M-1[ -1 e Mk
:L { lh[n+m.‘l!}.x[n+m.‘LH—‘f H2x M

s=0 | k=0

Lquation |

ples. First, we
need to determine
the fo corre-
sponding to 500
Hz, and also the
number of sam-

length M is multiplied by a
section of the window func-

N is a power of two, a fast
radix-2 fast-Fourier trans-

L

ples (N) needed.
The normalized frequency is
equal to
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fo=F
Fs =500

2000 = 0:25, and the total
number of samples N is
1000 (=0.5 secs £ 2000
samples/sec). To create the
discrete sinewave, type the
following:

>> N=1000;

>> n=1:N; % define the dis-
crete index vector

>> Xn=sin(2*pi*0.25*n);

The vector xn contains 1000
samples (0.5 secs) of a 500-
Hz sinewave.

Step 2: Compute the FFT
of the sinewave

Since the number of sam-
ples, N, is not a power of 2,
we can compute the 1024-
point (closest power-of-two
number to 1000) FFT of xn:

>> Y=fft(xn,1024);

Y is a complex vector con-
taining the FFT of the signal
x(n):1f you try to plot Y

>> plot(Y)

you will see a plot that does
not look anywhere close to
what you expect. This is be-
cause MATLAB plots com-
plex numbers on a two-
dimensional plane. What we
are really interested is the
magnitude of the FFT vec-
tor, which we call the mag-
nitude spectrum.

L

Step 3: Display the spec-
trum of the sinewave
You can plot the magnitude
of the FFT by using MAT-
LAB’s abs function:

>> plot(abs(Y))

Now the graph looks like a

frequency domain plot.
However, the x-axis is not in
Hz as it is expressed in the
frequency index k. Also,
MATLAB displays the fre-
quency components from F
= 0to F = Fs=2 (center of
the graph) and then from
Fs=210 0.
To display the plot in the
frequency range from F =
«Fs=2to F = Fs=2, you can
use the fftshift function as
follows:

>> plot(abs(fftshift(Y))

Next, we need to change
the units on the x-axis, by
creating a separate vector
which Contains frequencies
in Hz. To do that, we need
to know the frequency reso-
lution of the FFT. The fre-
quency resolution is given
by Fs=P, where P is the size
of the FFT
(P = 1024 in our case). The
spectrum is only de...ned at
integer multiples of Fs=P.
For this example, the fre-
quency resolution is 1.95 Hz
and the ...rst frequency
component is at 1.95 Hz, the
second frequency compo-
nent is at 2*1.95 Hz, and so

on up to Fs=2.
You can create the fre-

quency vector Freg. as fol-
lows:

>> Fres=Fs/1024; % de-
fine the frequency resolution
>> Freq.-Fs/2:Fres: Fs/2-Fr;

Notice that the frequency
vector goes from F = Fs=2
to Fs=2 Hz in steps of the
frequency resolution. Now,
plot it again, but this time
use the x-axis that you just
created:

>> plot (Freq., abs(fftshift
(Y)

This produces a plot of the
magnitude spectrum versus
frequency in Hz. As ex-
pected we see a peak in the
spectrum at the frequency
location of the sinewave. To
plot the magnitude spectrum
in dB, type:

>> plot (Freq., 20*log10(abs
(fftshift(Y)))

To plot the phase spectrum,
you can use MATLAB’s
angle function as follows:

>> plot (Freq., fftshift(angle
(Y))

The angle function com-
putes the phase of the com-
plex vector Y.

GENERAL DESCRIP-
TION :
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FEATURES

* Maximum operating fre-
quency of 10 MHz (VCC=5
V)

* High speed and low power
consumption achieved by
silicon gate CMOS
technology

» Completely static opera-
tion

» Three independent 16-bit
down-counters

» Status Read Back Com-
mand

» Six counter modes avail-
able for each counter

* Binary and decimal count-
ing possible

* 24-pin Plastic DIP (DIP24-
P-600-2.54): (Product name:
82C53)

Ver ——
GND ——— )
g Data N Countar CLKg
Bufter #0 0UTg
1
NE
R'\-\.
WR ———=d
FD —+—q Read/ Counter CLKy
Write GATE4
A
E _4? u—T
Contral Counter CLKg
Word ﬂ :} GATE;
Registar £ - 0T
I f
-~ Internal Bus
FUNCTIONAL BLOCK iy % U %‘;’m
& PIN DIAGRAM : ng 9 BEw
0. [4] B1] T8
Fig (a),(b) 0: 5] 2] &
D [E] Al 4
) : D; [7] HE] cLk,
(a): 82C53 block dia- o ] oo,
gram. I [TE] GATE,
(b): 82C53 pin con- ouT, fig] O 5] oLk
figuration. GATE, [i] 4] GaTe,
DESCRIPTION OF OP- ano fiz 3] our,
ERATION

82C53 functions are se-
lected by control words
from the CPU. In the re-
quired programsequence, the
control word setting is fol-
lowed by the count value

setting and execution of the-
desired timer operation.

Control Word and Count
Value Program
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D7 D6

D5 D4

Do

|se: | sco

| zz:

| &z0

|00

| sco

1

1L I

]

Select Counter

Read/ Load

(C5=0, AD, Al=1, 1, RD=1, WR=0)

BCD

Select Counter (SC0,SC1): Selection of set counter

SC1l | SCo Set Contents

0 0 Counter #0 selection

0 1 Counter #1 selection
1 0 Counter #2 selection
1 1 Read Back Command

e Raed/Load (RLO,RL1): Count value Reading/ Loading format setting

Set Conte

nis

Counter Latch Operation

ReadingLoading of Least Significant Byte (LSE)

ReadingTLoading of Most Significant Byte (MSE)

Reading/Loading of LSE followed by MSEB

Mode (M2, M1, MD): Operation waveform mode setting

M1

MO

Set Contents

Mode 0 (Interruzput on Terminal Court)

Mode | (Programmable One-Shot)

Mode 2 (Rate Generator)

Mode 3 (Square Wave Generator)

Mode 4 (Software Triggered Strobe)

0

1

Mode 5 (Hardware Triggered Strobe)

2. denotes "not specified"

BCD: Operation count mode sefting

BCD Set Contents
] Binary Count (16-bit Binary)
1 BCD Count (4-decade Binary Coded Decimal)

Each counter operating
mode is set by control word
programming. The control
word format is outlined be-
low.

Raed / Load (RLO,RL1):
Count value Reading /
Loading format setting

After setting Read/

Load, Mode and BCD in
each counter , next set the
desired count value. (In
some Modes, the count
value is set first. In next
clock, loading is performed,
then counting starts.).
This count value setting
must conform with the
Read/Load format set in ad-
vance. Note that the internal
counters are reset to 0000H
during control word setting.
The counter value (0000H)
can’t be read.The program-
sequence of the 82C53 is
flexible.

Free sequence program-
ming is possible as long as
the two following
rules are observed:
(i) Write the control word
before writing the initial
count value in each

counter.
(i) Write the initial count
value according to the count
value read/write

format specified by the
control word.

Note: Unlike the
MSM82C53-2, the
MSM82C54-2 allows count
value

Al A
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setting for another
counter between LSB and
MSB settings

Example of control word
and count value setting :

Counter #0: Read/Load
LSB only, Mode 3, Binaty
count, count value 3H.

Counter #1: Read/Load
MSB only, Mode 5, Binaty

count, count value

AAO0H.

Counter #2: Read/Load
LSB and MSB, Mode 0,
BCD count, count value
1234,

Counter #0 control word
setting
MOV AX, 1EH
OUT n3
Counter #1 control word
setting
MOV AX, 6AH
OUT n3
Counter #2 control word
setting
MOV AX, B1H
OUT n3
Counter #0 count value
setting
MOV AX, 03H
OUT n0
Counter #1 count value
setting
MOV AX, AAH
OouUT nl

Counter #2 count value

setting (LSB then MSB)
MOV AX, 34H
OUT n2
MOV AX, 12H
OUT n2
Notes: n0: Counter #0 ad-
dress
nl: Counter #1
address
n2: Counter #2
address
n3: Control word
register address

Internal Block Diagram
of a Counter

CRM : Count Regis-
ter MSB

CRL : Count Regis-
ter LSB

CE : Counter Ele-
ment

OLM : Qutput Latch
MSB

OLL : Qutput Latch
LSB

Mode of operation defini-
tion :

1- Mode 0: Interrupt on
Terminal Count

Mode 0 is typically used
for event counting. After the
Control Word is written,
OUT is initially low, and
will remain low until the
Counter reaches zero. OUT
then goes high and remains
high until a new count or a

e new Mode 0 Control Word
NOTE : In Fig. is written to the Counter.
< Internal Data Bus >

45 eilis ‘ ‘
Control
T Status
9| |
{? CEm CRL

Status

Reqister

Contral
Logic

CE

Ol 0Ly

GATER
CLIK,  0UTy
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GATE =1 enables counting;
GATE = O0disables count-
ing. GATE has no effect on
OUT.

2- Mode 1: Hardware

triggerable One-Shot

OUT will be initially
high. OUT will go low on
the CLK pulse following a
trigger to begin the one-shot
pulse, and will remain low
until the Counter reaches
zero. OUT will then go high
and remain high until the
CLK pulse after the next
trigger. After writing the
Control Word and initial
count, the Counter is armed.
A trigger results in loading
the Counter and setting
OUT low on the next CLK
pulse, thus starting the one-
shot pulse N CLK cycles in
duration. The one-shot is
triggerable, hence OUT will
remain low for N CLK
pulses after any trigger. The
one-shot pulse can be re-
peated without rewriting the
same count into the counter.
GATE has no effect on
OUT. If a new count is writ-
ten to the Counter during a
one-shot pulse, the current
one-shot is not affected
unless the Counter is trig-
gerable. In that case, the
Counter is loaded with the
new count and the one-shot
pulse continues until the
new count expires.

3 - Mode 2: Rate Genera-
tor

This Mode functions like
a divide-by-N counter. It is
typically used to generate a
Real Time Clock Interrupt.
OUT will initially be high.
When the initial count has

decrement to 1, OUT goes
low for one CLK pulse.
OUT then goes high again,
the Counter reloads the ini-
tial count and the process is
repeated. Mode 2 is peri-
odic; the same sequence is
repeated indefinitely. For an
initial count of N, the se-
quence repeats every N
CLK cycles. GATE = 1en-
ables counting; GATE = 0
disables counting. If GATE
goes low during an output
pulse, OUT is set high im-
mediately. A trigger reloads
the Counter with the initial
count on the next CLK
pulse; OUT goes low N
CLK pulses after the trigger.
Thus the GATE input can be
used to synchronize the
Counter. After writing a
Control Word and initial
count, the Counter will be
loaded on the next CLK
pulse. OUT goes low N
CLK pulses after the initial
count is written. This allows
the Counter to be synchro-
nized by software also.
Writing a new count while
counting does not affect the
current counting sequence.
If a trigger is received after
writing a new count but be-
fore the end of the current
period, the Counter will be
loaded with the new count
on the next CLK pulse and
counting will continue from
the end of the current count-
ing cycle.

4- Mode 3: Square Wave
Mode
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Mode 3 is typically used
for Baud rate generation.
Mode 3 is similar to Mode 2
except for the duty cycle of
OUT. OUT will initially be
high. When half the initial
count has expired, OUT
goes low for the remainder
of the count. Mode 3 is peri-
odic; the sequence above is
repeated indefinitely. An
initial count of N results in a
square wave with a period of
N CLK cycles. GATE =1
enables counting; GATE =0
disables counting. If GATE
goes low while OUT is low,
OUT is set high immedi-
ately; no CLK pulse is re-
quired. A trigger reloads the
Counter with the initial
count on the next CLK
pulse. Thus the GATE input
can be used to synchronize
the Counter. After writing a
Control Word and initial
count, the Counter will be
loaded on the next CLK
pulse. This allows the
Counter to be synchronized
by software also. Writing a
new count while counting
does not affect the current
counting sequence. If a trig-
ger is received after writing
a new count but before the
end of the current half-cycle
of the square wave, the
Counter will be loaded with
the new count on the next
CLK pulse and counting
will continue from the new
count. Otherwise, the new
count will be loaded at the
end of the current half-cycle.

5- Mode 4: Software Trig-
gered Mode

OUT will be initially
high. When the initial count
expires, OUT will go low
for one CLK pulse then go
high again. The counting
sequence is “Triggered” by
writing the initial count.
GATE =1 enables counting;
GATE = O0disables count-
ing. GATE has no effect on
OUT. After writing a Con-
trol Word and initial count,
the Counter will be loaded
on the next CLK pulse. This
CLK pulse does not decre-
ment the count, so for an
initial count of N, OUT does
not strobe low until N + 1
CLK pulses after the initial
count is written. If a new
count is written during
counting, it will be loaded
on the next CLK pulse and
counting will continue from
the new count. If a two-byte
count is written, the follow-
ing happens:

(1)Writing the first byte has
no effect on counting.
(2)Writing the second byte
allows the new count to be
loaded on the next CLK
pulse. This allows the se-
quence to be “triggered” by
software. OUT strobes low
N + 1 CLK pulses after the
new count of N is written.

6- Mode 5: Hardware
Triggered Strobe
(triggerable)

Timing Waveforms :

Reading Counter Values :

All 82C53 counting is
down-counting, the counting
being in steps of 2 in mode
3.Counter values can be read
during counting by.

direct reading,
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Mode O
CLK I
{n=4} H (n=2]

wiro L= F z 1 o= 2 1 0

QuT  (GATE="H) e T —
T

rwr in=hL__

S I
13 3 2 1 @

ouT i

Mode 1

[ GATE 3 2 § 3 2 1
ouT ey 1 r
Mode 2
CLK M L Lo ort
WH n=4) f (n=2)
2 1 4 3 2 1 2 1 2
OUT  TGATE = "H)
GATE f
4 2 A 4 3 2 A
ouT  (n=4) LI L
Mode 3
CLK ML Mo r o rurorornr
WH “Lin=4) ¥ (nN=3])
[ 4 2 4 Iii_zj 3 2 3 3
ouT (GATE="H') L T L T LI
GATE_ _ 2 o H 4 2 0 4 2 4 2
out =51] I L 1
Mode 4

GATE — 1 ¥
3 3 2 41 0
ouT
Maode 5

CLK ML L o r o rorororu
GATE ¥

4 3 10
ouT  nog) LI
GATE f 1 f ]

4 3 @ 4 4 3 = q 0
ouT sy L1
MNote : 'n"is thevalue set in the counter.

Figures in these diagrams refer to counter values.

counter latching (“read on
the fly”), and
read back command.

1 Direct reading :

Counter values can be read
by direct reading opera-
tions.Since the counter value
read according to the timing
of the RD and CLK signals
is not

L

guaranteed, it is necessary to
stop the counting by a gate
input signal, or to interrupt
the clock input temporarily
by an external circuit to en-
sure that the counter value is
correctly read.

2 Counter latching :

In this method, the counter
value is latched by writing
counter latch command,

thereby enabling a stable
value to be read without ef-
fecting the counting in any
way at all. The output latch
(OL) of the selected counter
latches the count value when
a counter latch command is
written. The count value is
held until it is read by the
CPU or the control word is
set again.

If a counter latch command
is written again before read-
ing while a certain counter is
latched,the second counter
latch command is ignored
and the value latched by the
first counter latch command
is maintained.

The 82C53 features inde-
pendent reading and writing
from and to the same
counter.

When a counter is pro-
grammed for the 2-byte
counter value, the following
sequence is possible:

1. Count value (LSB) read-
ing

2. New count value (LSB)
writing

3. Count value (MSB) read-
ing

4. New count value (MSB)
writing

3 Read Back Command
Operation :

Use of the read back com-
mand enables the user to
check the count value, pro-
gram mode,output pin state
and null count flag of the
selected counter.The com-
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mand is written in the con-
trol word register, and the
format is as shown below.
For this command, the
counter selection occurs ac-
cording to bits D3, D2 and
D1.

(CS=0, A0, Al=1, RD=1,
WR=0)

D5: 0 = Selected counter
latch operation

The decoding circuits is
very necessary because all I/
O devices are connect to the
MPU through a common
data bus so that by using the

decoding circuits we can
ensure that no overlapping
occur between the data that
translate from or to the MUP
and 1/O devices.

The circuit shown in Fig.

D7 Dg Og Dy

Oy Da [y D

STATUS

1 1

CHTZ CHTA CHTO 0

D4: 0 = Selected counter
status latch operation
D3: 1 = Counter #2 selec-

tion

D2: 1= Counter #1 selec-
tion

D1: 1= Counter #0 selec-
tion
D0: 0 Fixed

It is possible to latch multi-
ple counters by using the
read back command. Latch-
ing of a read counter is auto-
matically canceled but other
counters are kept latched. If
multiple read back com-
mands are written for the
same counter, commands
other than the first one are
ignored. It is also possible to
latch the status information
of each counter by using the
read back command.

Decoding and Operation
Circuit:

(3-3) Contain a dip switch
and two comparator (74 LS
85) and decoder (74 LS 85).

To select any address we
can change the arrangement
of the dip switch.

Assume that we want to
select an address of
(300H),That mean:

Al19 A20 A21 A22 A23
A24 A25 A26 A27 A28 A29
A30  :ISA Card

Al2 A1l A10 A9 A8
A7 A6 A5 A4 A3 A2
Al : Data Bus

0O 0 0 1 10
O 0 0 0 0 O
The address of the com-
parator no.1 [A0,A1,A2,A3]
will be connect directly to
[A11,A19,A20,A21] respec-
tively of the ISA bus, All
of the ISA bus mean AEN.

For the comparator no.2
[A0,A1,A2,A3] will be con-

nect directly to
[A22,A23,A24,A25] respec-
tively of the ISA bus.

The Dip switch con-
nected with the comparator
at [BO,B1,B2,B3].

There is three output in
the comparator :

A<B (Pin no.7), A=B
(Pin no. 6), A>B (Pin no. 5).
If [BO,B1,B2,B3]>
[A0,A1,A2,A3] so that the
output of pin no. 7is (1)
logic, If [B0.B1,B2,B3]=
[A0,A1,A2,A3] so that the
output of pin no. 6is (1)
logic, If [B0,B1,B2,B3]<
[A0,A1,A2,A3] so that the
output of pin no. 5is (1)
logic.

In our project we will take
the output from pin no.6
(A=B).

To make the address
=300H, B0,B1,B2,B3 of the
first comparator must be
[0,0,0,0] we can make that
by make the dip switch
[0,0,0,0] like that:

It is possible to latch multi-
ple counters by using the
read back command. Latch-
ing of a read counter is auto-
matically canceled but other
counters are kept latched. If
multiple read back com-
mands are written for the
same counter, commands
other than the first one are
ignored. It is also possible to
latch the status information
of each counter by using the
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read back command.

Decoding and Operation
Circuit:

The decoding circuits is
very necessary because all I/
O devices are connect to the
MPU through a common
data bus so that by using the
decoding circuits we can
ensure that no overlapping
occur between the data that
translate from or to the MUP
and 1/0O devices.

The circuit shown in Fig.
(3-3) Contain a dip switch
and two comparator (74 LS
85) and decoder (74 LS 85).

To select any address we
can change the arrangement
of the dip switch.

Assume that we want to
select an address of
(300H), That mean:

Al19 A20 A21 A22 A23
A24 A25 A26 A27 A28 A29
A30 :ISA Card

Al2 A1l A10 A9 A8
A7 A6 A5 A4 A3 A2
Al . Data Bus

0O 0 0 1 1 0
0 0O 0 0 0 O

The address of the com-
parator no.1 [A0,A1,A2,A3]
will be connect directly to
[A11,A19,A20,A21] respec-
tively of the ISA bus, All
of the ISA bus mean AEN.

For the comparator no.2

[A0,A1,A2,A3] will be con-
nect directly to
[A22,A23,A24,A25] respec-
tively of the ISA bus.

The Dip switch con-
nected with the comparator
at [BO,B1,B2,B3].

There is three output in
the comparator :

A<B (Pin no.7), A=B
(Pin no. 6), A>B (Pin no. 5).
If [B0O,B1,B2,B3]>
[A0,A1,A2,A3] so that the
output of pin no. 7is (1)
logic, If [B0.B1,B2,B3]=
[A0,A1,A2,A3] so that the
output of pin no. 6is (1)
logic, If [B0,B1,B2,B3]<
[AO0,A1,A2,A3] so that the
output of pin no. 5is (1)
logic.

In our project we will take
the output from pin no.6
(A=B).

To make the address
=300H, B0,B1,B2,B3 of the
first comparator must be
[0,0,0,0] we can make that
by make the dip switch
[0,0,0,0] like that:

And [B0,B1,B2,B3] of
the second comparator must
be[1,1,0,0] respectively we
can make that by make the
dip switch [1,1,0,0] like that:

The output of the first
comparator enter the second
comparator at pin no.3

il

Off

[A=B], and the output of the
second comparator go to pin
no.5 (G1) of the decoder

L

Off

[74L.S138] that will be oper-
ate when G1 G2A G2B =10
0 respectively so that G2A,
G2B must be connected to
the ground. If (A=B) in the
comparator so that Gl=1
and the decoder must be op-
erate. The input of the de-
coder (A,B,C) must be con-
nected to (A28,A27,A26)
respectively of the ISA bus.
To make the address =300H
(A28,A27,A26) must be 00
O0so that we will take the
output of the decoder from
(YO0) pin no.15 which active
when the input of the de-
coder=000. YOgo to the
chip select of the Timer
(CS) . If CS =1the Timer
will be operate. A0,Al of
the Timer connect to
(A30,A29) respectively of
the ISA bus, and (D0-D7) of
the Timer connect with (A9-
AZ2) respectively.

The Timer configured as:

1.counter No.0is set to
mode 3(square wave)is fed
by the time base signal.

2. counter No.lis set to
mode O (interrupt on termi-
nal count).

The clock of this counter
is fed from the output of
counter 0.

3. counter No.2is set to
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mode 3(square wave).The
signal that will be measured
represent the clock of this
counter.

Counter No.1 &2 is used
to generate 1 sec time base
signal(i.e. after 1 sec the mi-
croprocessor is interrupted)
then the service routine will
read on fly the value of
counter No.2.

The frequency of the in-
put signal can be calculated
as follow:-

Frequency of the signal =
(Initial value of counter 2) —
(It’s value after one second)

Introduction:

To use FFT in signal proc-
essing by using computer
we will use Matlab program
v6.5 with respect Sound
card to input the signal in to
the computer and process it.

Whenever you acquire data,
you should decide the high-
est frequency you want to
measure. The highest fre-
quency component of the
signal determines how often
you should sample the input.
If you have more than one
input, but only one analog
input subsystem, then the
overall sampling rate goes
up in proportion to the num-
ber of inputs. Higher fre-
quencies might be present as
noise, which you can re-
move by filtering the signal
before it is digitized. If you
sample the input signal at

least twice as fast as the
highest frequency compo-
nent, then that signal will be
uniquely characterized.
However, this rate might not
mimic the waveform very
closely. For a rapidly vary-
ing signal, you might need a
sampling rate of roughly 10
to 20 times the highest fre-
quency to get an accurate
picture of the waveform. For
slowly varying signals, you
need only consider the mini-
mum time for a significant
change the signal.

Extracting Data from the
Engine:

Many data acquisition appli-
cations require that data is
acquired at a fixed (often-
high) rate, and that the data
is processed in some way
immediately after it is col-
lected. For example, you
might want to perform an
FFT on the acquired data
and then save it to disk.
When processing data, you
must extract it from the en-
gine. If acquired data is not
extracted in a timely fash-
ion, it can be overwritten.

Data is extracted from the
engine with the getdata
function. For example, to
extract 1000 samples for the
analog input object ai:

Data = getdata(ai,1000);

Getdata is considered a
blocking function because it
returns control to MATLAB
only when the requested
data is available. Therefore,
samples are not missed or
repeated. When a trigger
executes, acquired data fills
the engine. When a getdata
call is processed, the re-
quested samples are returned
when the data is available,
and then extracted from the
engine.

Rules for Using getdata

Using getdata to extract data
stored in the engine follows
these rules: If the requested
number of samples is greater
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than the samples to be ac-
quired, then an error is re-
turned. If the requested data
is not returned in the ex-
pected amount of time, an
error is returned. The ex-
pected time to return data is
given by the time it takes the
engine to fill one data block
plus the time specified by
the Timeout property. You
can issue ~C (Control+C)
while getdata is blocking.
This will not stop the acqui-
sition but will return control
to MATLAB. The Samples
Acquired property keeps a
running count of the total
number of samples per
channel that have been ac-
quired. The Samples Avail-
able property tells you how
many samples you can ex-
tract from the engine per
channel.

Acquiring Data with a
Sound Card

Suppose you must verify
that the fundamental
(lowest) frequency of a tun-
ing fork is 440 Hz. To per-
form this task, you will use a
microphone and a sound
card to collect sound level
data. You will then perform
a fast Fourier transform
(FFT) on the acquired data
to find the frequency com-
ponents of the tuning fork.
The setup for this task is
shown below.

Configuring the Data Acqui-

L

sition Session

For this example, you will
acquire 1second of sound
level data on one sound card
channel. Because the tuning
fork vibrates at a nominal
frequency of 440 Hz, you
can configure the sound card
to its lowest sampling rate of
8000 Hz. Even at this lowest
rate, you should not experi-
ence any aliasing effects be-
cause the tuning fork will
not have significant spectral
content above 4000 Hz,
which is the Nyquist

frequency. After you set the
tuning fork vibrating and
place it near the micro-
phone, you will trigger the
acquisition one time using a
manual trigger.

1- Create a device object --
Create the analog input ob-
ject Al for a sound card. The
installed adaptors and hard-
ware IDs are found with
daghwinfo. Al = analogin-
put(‘winsound’);

2-Add channels -- Add one
channel to Al.
Chan = addchannel(Al,1);

3- Configure property values
-- Assign values to the basic
setup properties, and create
the variables blocksize and
Fs, which are used for sub-
sequent analysis. The actual
sampling rate is retrieved
because it might be set by
the engine to a value that

differs from the specified
value.

duration = 1; %1 second ac-

quisition
set(Al,'SampleRate’,8000)
ActualRate = get
(Al,'SampleRate";

S e t

(Al,'SamplesPerTrigger',dur
ation*ActualRate)

S e t
(Al,'TriggerType','Manual’)
blocksize = get
(Al,'SamplesPerTrigger');

Fs = ActualRate;

4- Acquire data -- Start Al,
issue a manual trigger, and
extract all data from the en-
gine. Before trigger is is-
sued, you should begin in-
putting data from the tuning
fork into the sound card.
start(Al)

trigger(Al)

data = getdata(Al);

5-Clean up -- When you no
longer need Al, you should
remove it from memory and
from the MATLAB work-
space.

delete(Al)

clear Al

Analyzing the Data

For this example, analysis
consists of finding the fre-
quency components of the
tuning fork and plotting the
results. To do so, the func-
tion daqdocfft was created.
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This function calculates the
FFT of data, and requires
the values of SampleRate
and SamplesPerTrigger as
well as data as inputs.

[f,mag] = daqdocfft
(data,Fs,blocksize);
dagdocfft outputs the fre-
quency and magnitude of
data, which you can then
plot. daqdocfft is shown be-
low.

function [f,mag] = daqdocfft
(data,Fs,blocksize)

% [F,MAG]
=DAQDOCFFT
(X,FS,BLOCKSIZE) calcu-
lates the FFT of X

% using sampling fre-
quency FS and the Samples-
PerTrigger

%  provided in BLOCK-
SIZE

xfft = abs(fft(data));

% Avoid taking the log of 0.
index = find(xfft == 0);
xfft(index) = le-17,;

mag = 20*log10(xfft);

mag = mag(l:floor
(blocksize/2));

f = (0:length(mag)-1)*Fs/
blocksize;

f=1();

The results are given below.
plot(f,mag)

grid on

ylabel("Magnitude (dB)")
xlabel('Frequency (Hz)")
title('Frequency Components
of Tuning Fork’)

The plot shows the funda-
mental frequency around
440 Hz and the first over-
tone around 880 Hz. A sim-
ple way to find actual funda-
mental frequency is
[ymax,maxindex]= max
(mag);

maxindex

maxindex = 441

The answer is 441 Hz.

Note:

The fundamental fre-
quency is not always the fre-
quency component with the
largest amplitude. A more
sophisticated approach in-
volves fitting the observed
frequencies to a harmonic
series to find the fundamen-
tal frequency. Analog Input
Examples Acquiring Data

Conclusions:

This project deals with
frequency meter through
tow techniques

The first one is easy to
use, but the disadvantages of
this method that are limited
by the frequency range of
the timer and the input sig-

nal must be a TTL signal.

In second one accurate

result can be obtained as

compared with the first one,
but the disadvantage of this
method is the limited by the
range of frequency of the

sound card.
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DEVEL@PABLE SURFACES WITH
.+ CUSPIDAL EDGE

—

HALABI SALEM MAHMUD, PhD, Professor
KRIVOSHAPKO S.N., DSc, Professor

Peoples’ Friendship University of Russia, Moscow, Russia

This review article is an attempt to collect and to systematize all cardinal scientific results of
geometrical investigations of non-degenerate developable surfaces with a cuspidal edge. Information
about the applica-tion of thin-walled developable constructions and developable surfaces in some
branches of economy and science is also re-presented. Wide choices of design methods of the devel-
opable surfaces provide not only necessary shapes and special proper-ties; they also prove to be con-
venient to apply. The most part of theoretical computations from the published literature are illus-
trated by examples or by figures. This review article contains 159 references

Introduction
The extensive review

tion about 350 references. tial constructions because
One of the present authors in their fabrication is the sim-

on applied geometry of sur-
faces was published by N.N.
Ri-jov et al [1]. Among its
397 references, a not great
proportion (20 references)
was devoted to developable
surfa-ces. 23 years later, an-
other review was presented
by S.N. Krivoshapko [2].
This review is utterly ori-
ented towards developable
shells and contains informa-

his paper [3] tried to enu-
merate geometricians having
significant achievements in
geometry of developable
surfaces with cuspidal edge.
This paper was assumed as a
basis of the present review.
Shells in the form of
developable surfaces are the
cheapest constructions
among different geometrical
models of thin-walled spa-

plest due to their ability to
be developed on a plane
without any lap fold or rup-
ture (break).

The authors made a
careful study of all available
scientific and technical
books and papers on geo-
metrical investi-gations and
on the stress-strain state of
developable shells, on the
applications of the shells at
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issue. Patents and disserta-
tions ha-ve been also looked
over. Having studied all this
material, the authors offer to
divide it into 8 groups:
.IGeometry and design of
developable surfaces with a
cuspidal edge
Good results in this
field were received by G.
Monge, V.F. Kagan, M.Y.

Wigodskiy, N.N. Rijov,
V.S. Obukhova, S.P.
Finikov, E.P. Utishey,
V.Y. Bulgakov, M.Y.
Gromov, S.N.
Krivoshapko, S.F.

Pilipaka, Auman Gunter,
J.J. Stoker, M.St. Botez,
J.P. Cleave, R. Deaux,
W. Dedonder, A.
Dobrescu, O. Gie-ring, Kl.
Meirer, Fr. Myard, Th.
Poschl, A.\W. Marris, S.L.
Passman.
.2 Construction of the
surface developments on
plane; common ben-ding
the fragments of
intersecting developable
surfaces; moving some
plane curve into a plane
section of a developable
surface; parabolic bending
of developable surfaces
Such scientists like
R.U. Alimov, K.M. Belov,
[.P. Gershman, J.N. Gor-
batovich, A.L. Martiro-

sov, V.S. Obukhova,
S.F. Pilipaka, I.A. Ski-
dan, V.V. Vanin have

scientific achievements

in this sphere.
3Approximation of

developable  surfaces

L

by a system of pla-nes;
approximation of com-
plex surfaces by a sys-
tem of developab-le
surfaces
This subject was
touched upon in the
papers of V.S. Obuk-
hova, S.N. Krivoshapko,
A.l. Volkov, A.V. Pavlov,
N.N. Rijov, J.S. Zaviya-
lov.
.4Rolling the developable
surfaces on each other
This problem was
studied by A.L. Martiro-
sov, V.S. Obukhova,
S.F. Pilipaka, G.S.
Rachkovskaya.
5The application of
developable surfaces' theory
for geometrical in-
vestigations of complex sur-
faces
Various aspects of this
problem were studied by
S.N.  Krivoshapko. First,
Russian geometricians N.I.
Makarov and V.I. Kurdyu-
mov have begun to investi-
gate a problem of transition
between two surfaces with
the help of the third surface.
Presented in [4, 5, 6] shows
that developable surfaces
can be assumed as the tran-
sitional surfaces.
.6The application of the
thin-walled developable
constructions
.TMoment and membrane

theories of developable
shells

Yuhanio Marulanda
Arb., Fares Milad .,

Barbagelata Andrea, G.Ch.

Bajoria, Salman A.
Duheisat, S.N. Krivoshapko,
M.F. Kopitko, Yar.G.
Savula studied a stress-strain
state of thin develop-
ableshells. The results of
investigations obtained by
these and some other scien-
tists were in detail described
by S.N. Krivoshapko in his
review [7]. Experimental
data for the stress-strain
state of these shells were not
found out.
.8The generalization of
developable surface's con-
cept for mul-tidimensional
spaces

This part of the
investigations is pre-
sented by the scholar-ly
works of Auman
Gunter, R. Bereis, Port-
noy Esther, C. Thas, H.
Vogler and by the
works of Russian scien-
tists like V.M. Savitsky,
K.N. Gayu-bov, A.G.
Mizin.

__Something
about 80%b of publi-
cations are dedi-
cated to geometrical
investigations of de-
velopable surfaces.
The problems of
static analysis of
developable shells
are inves-tigated in
15% of scholarly
works and the rest
of the works are
dedicated to de-
scription of applica-
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tion of the thin-
walled construc-
tions in the shape of

deve-lopable sur-
faces.

L et u s
demonstrate in or-

der the main results
obtained on devel-
opable surfaces and
shells. In what fol-
lows, we shall use
the following nota-
tions:

X, Y, z =
Cartesian rectangu-
lar coordinates

i, j, k = unit
vectors in the direc-
tion of the axes X, v,
z

-ap curvilinear
coordinates in lines of prin-
cipal curvatures

u, v = curvilinear
non-orthogonal coordinates
of the surface

ky,, k, = curvatures of
the curvilinear coordinates
u, Vv

Ry, Ry, = radiuses of
curvatures of the curvilinear
coordinates u,v

ki, k, = principal
curvatures of the surface

A, B = Gaussian

quantities of the first order
in the theory of surfaces
(coefficients of the first
fundamental form)

L, M, N= Gaussian
quantities of the second or-
der in the theory of surfaces
(coefficients of the second

L

fundamental form)

k& =
and torsion of the cuspidal
edge

curvature

I, b = unit vectors in
the direction of a tangent to
the cus-pidal edge and in the
direction of the binormal

n = unit vector of
the normal to the surface.

.1Geometry and design of
developable surfaces

A surface is called
a developable surface if
it can be develo-ped on
a plane without any lap
fold or break. During
this process, the
lengths of the curves
and the angles between
two curves belon-ging
to the developable sur-
face remain un-
changed. Cylinders and
cones are the simplest
developable surfaces,
being degenerate.

Let us put down
some well known theo-
rems and the defini-
tions for developable
surfaces without
proofs. Those who
want to know the
proofs may find them
in the books [8, 9].

Theorem 1. Any surface
of tangent lines is a develop-
able sur-face.

Theorem 2 [10]. Any
developable surface is ei-
ther a cylindri-cal (Fig 1, a)
or conic surface (Fig 1, b),

or else a surface of tangent
lines (Fig 1, c).

Theorem 3. A
developable surface is gen-
erated by tangent lines of its
edge of regression ( cuspi-
dal edge).

Any spatial curve
can be taken as an
edge of regression and
the tangent lines of this
curve will generate the
particular deve-lopable
surface. The cuspidal
edge of a cone is a
point (vertex of the
cone). A cuspidal edge
of a cylinder is an im-
proper point, a meant
point of which was
moved off to infinity. A
surface of the prin-cipal
normals and that of the
binormals of any spa-
tial curve cannot be a
developable surface [8].
Only cylindrical surface
is a deve-lopable sur-
face generated by bi-
normals of some plane
curve. G.A. Dmitrieva
[11] tried to find a fam-
ily of straight lines
bound up with a curve
lying on any surface.
These straight lines
had to generate a de-
velopable surface. Hav-
ing taken a plane curve
as an edge of regres-
sion one can generate
the degenerated devel-
opable surface in the
form of a plane. The
tangent lines to an
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edge of regression of a

developable surface
were stu-died by J.P.
Cleave [12].

Theorem 4 [10].
Only degenerated de-
velopable surface in the
form of a plane may be
a minimal surface.

Theorem 5. The
curvature of a cuspidal
edge remains constant in
every its point if in the
process of bending the de-
velopable surface the recti-
linear generators remain
the rectilinear generators.

Reducing the torsion of
a cuspidal edge but keeping
constant its curvature, it is
possible to generate the de-
velopable surface on a plane
[13]. The rectilinear genera-
trixes of developable sur-
face will remain rectilinear
and tangent to the degener-
ated plane cuspidal edge.
The rectilinear generatrixes
of a plane development of
the developable general sur-
face are not intersecting at
one point as cone generators
and they are not parallel
lines as cylin-der generators
[14].

Theorem 6. Every
single-parametric system of
planes (with the exception
of a pencil of planes pass-
ing through any axis or
paral-lel to each other) has
an envelope surface, which
is a developable surface.

The planes of the sys-
tem are the osculating
planes of a cuspi-dal edge,

which contain the tangent
lines and the principal nor-
mals to the cuspidal edge.
V.V. Vanin [15] studied po-
lar developable surfaces
generated by a one-
parameter family of normal
planes of any curve.

Theorem 7. Every
point of a cuspidal edge of
a surface of tangents is a
limit of a point of intersec-
tion of three infinitely near
tangent planes of the devel-
opable surface.

Theorem 8. After
bending of a developable
surface on a plane all its
geodesic lines become the
straight lines.

Theorem 9. A

geodesic line can be
drawn through every point
of every developable sur-
face in every direction.

Geodesic lines of open
helicoids were studied by R.
Deaux [16]. He has shown
that principal normals of
every geodesic line make a
constant angle with charac-
teristic of the rectifying
planes of the cuspidal edge.

Theorem 10 [17]. Two
surfaces can be moved up
by bending from one into
another surface if Gaussian
curvature of both surfaces
has the same constant
value.

Therefore, all surfaces
having a zero Gaussian cur-
vature K = ki k= 0 may be
produced by bending a frag-
ment of a plane. This asser-
tion has been proved by S.P.

Finikov [18] in 1952, and
later by Dobres-cu [19] in
1958.

So if any surface has
zero Gaussian curvature in
every point then it is the re-
quired and sufficient condi-
tion for a deve-lopable sur-
face. Rectilinear genera-
trixes of developable surface
are asymptotic lines. Devel-
opable surfaces have only
parabolic points in which k;
ko= 0, and that is why recti-
linear generatrixes are the
lines of principal curvatures.
The single asymptotic line
(a rectilinear generatrix),
passing through every point
of the surface, will be conju-
gate to any other line pass-
ing through the same point.

Theorem 11 [13]. The
normals to a surface along
principal cur-vatures' lines
form the developable sur-
face, a cuspidal edge of
which generates the appli-
cable principal center of
curvature [20].

Theorem 12 [17]. A
developable surface in con-
trast to another ruled non-
developable warped sur-
faces has two adjoining rec-
tilinear generatrixes which
intersect each other, while
rectilinear generat-rixes of
ruled non-developable sur-
face are skew lines.

Theorem 13 (J.H.
Jellett's theorem) [21]. An
analytical surface cannot
be bent with some rigid
curve if this curve is not an
asymptotical line.
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Theorem 14 [10]. If
two developable surfaces
are touching each other
along some line then this
line presents a common
generatrix.

Theorem 15. The
evolute L is the cuspidal
edge of a developab-le sur-
face S formed by normals
of the evolvent I.

So the | evolvent is an
orthogonal trajectory of a
tangent line of the L evolute.

Theorem 16. After
bending of a rectifying sur-
face of a line L in a plane,
this line L becomes a
straight line.

The developable
surface rounding the system
of rectified pla-nes of a line
L is called a rectifying sur-
face of the L line. A rectify-
ing surface of a spiral line L
is a cylindrical surface on
which the L line is placed.

Theorem 17 [22]. If at
any point of a developable
surface one of the normal
sections not registering with
a principal direction has a
singular point with curva-
ture equal to zero then all
normal sections of this
point have zero curvatures.

Theorem 18 [23].
Ratio (k/ X )c = kI & ex-
amined on a spatial geo-
desic line C of a develop-
able surface F, is equal to
tangent of the ang-le of the
C curve with a rectilinear
generatrix of the F, sur-
face.

Here k is curvature and

K is torsion of the geo-

desic line C of a developable
surface. Z.T. Makarova [23]
has presented equations for
determination of the curva-
ture and the torsion of geo-
desic lines of developable
surfaces. These parameters
depend on the curvature and
the torsion of a cuspidal
edge of the developable sur-
face.

Taking in view the
given theorems one
can start doing the con-
side-ration of design
methods of develop-
able surfaces. Some de-
velopab-le  surfaces
were named in honour
of the scientists [24,
25, 26].

.1.1The design of
developable surfaces envel-
oping

a single-parametric system
of planes

Let us take two
spatial curves
r =X + yij + 22k = f,(2)i +
Fi@)i + 2k = (P )i + Fy
r, = X2i + yzj +22k
= f2)i + Fu(2)] + zk = fy(
T+ BT+ Tk
(1)

If a tangent
plane touches two
curves (1) simulta-
neously then it is
obvious that

] r1/(
Py ey Py - e
"y = 0
@)

So the condition of
uniqueness of developable
surface can be ob-tained. It
follows from formula (2)

that }/=(p(,3) or
ﬂ:q)(y).lf these func-

tions are continuous and
one-valued of g or y then
and only then the single de-
velopable surface passing
over the two given curves
can be constructed, other-
wise one shall have several
deve-lopable surfaces [27].
Having the equations of two
curves (1) it is possible to
find the equation of a single-
parametric system of the
planes M(x,y,z,y) = 0 after
elimination of three parame-
ters from four algebraic
equations obtained by G.
Monge [28].

Having excepted y from
two equations

M

(x,y,z,y) = 0 and dM/dy = 0
)
it is possible to derive an
implicit equation of the de-
velopab-le surface. Solving
three equations M(x,y,z, y) =
0, dM/dy = 0, and d°M/dy*=
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0 jointly one can obtain the
equation of the cuspidal
edge asx = x(y), y =y(»), 2
=2(y) [28].

If two directrix curves
are given by the parametric
equations x = xi(ty), y = y1
(t), z = z4(t1) and x = X,(t2),
y = Yo(tp), z = z,(ty) then,
rewriting them in a vector
form as ry = ry(ty) and r, =
ry(t,), it is easy to write the
condition of complanarlity
of three vectors in the form
[ri— 1y, 1, 1] = 0.This con-
dition of uniqueness of de-
velopable surfaces gives an
opportunity to find [27] t;=
f(tz) ort,= F(t]_) After this it
is easy to obtain an equation
of the sing-le-parametric
system of planes as a normal
equation of the plane per-
pendicular to the unit nor-
mal vector of the surface in
the form

N =rf(t)) * rat)|r >
I’2|.

After some
manipulations it is possible
to get the equation of the
single- parametric system of
planes [29]. If needed, one
may use the order of the cal-
culation considered before.

The listed equations
were used in paper [30]
where the equa-tions of the
cuspidal edges of develop-
able surfaces with two given
plane directrix curves (1)
were obtained. For example,
the directrix cur-ves were
assumed in the shape of two
parabolas with intersecting
axes (Fig 3); two parabolas

on vertical intersecting
planes (Fig 4); two parabo-
las with one common axis;
in the form of two parabo-
las of the n and m-power: X
=0,y=aandx=1y=
bz™; two ellipses, placed in
parallel planes (Fig 5), and
in the form of a parabola
and a circumference. A
monograph [31] contains an
information about eleven
developable surfaces with
two plane directrix curves.
Two parabolas placed in
perpendicular planes [29]

x=(z-q)%
(2p2), y=0and x=0, y=
2°/(2p,) (4)

have been taken as the direc-
tix curves (1) too.

For example, the
parametric  equations
of a cuspidal edge of
the developable surface
having the curves (4)
are the following [29]:

x=-(" - a’/(4p,a), vy

=P s prapa), z-=
37 12+ a2,
where p = Z but z

belongs to the parabola
placed in the xz plane.
Condition (2) gives y=

P +g. Assume two pa-
rabolas x = 0, y = az
and x = I, y = bz’ placed
in parallel planes, then
condition (2) will give y

:a’g/b [32] and para-
metric equations of a

cuspidal edge will be as
x=bl/(b-a),y=z=0.
This is a cone if by

chance b * a and this
is a cylinder if b = a.
The degenerated
developable surface is avail-
able too if we assume the
directrices (1) in the form of
the hyperbolas x =0,y = a/z

and x = I, y = b/z. Then
from formula (2) we have
p_ ralb , and equa-

tions of the edge of regres-
sion will take the following
form:

x=al/(a—J§t>), y=2

So a cone is available if

by chanceb * aoracylin-
der is if a = b [29]. An inter-
esting example can be pre-
sented if we take the curves
(1) as x = 2%/(2py), y = 0 and
x =0,y = 2°/(2p,). Then due
to expression (2) we have g
=y, and using Monge's four
algebraic equations one may
find the single-parametric
system of planes [29]:

M=227 - 72 -
2yp, = 0.

Having excepted the y pa-
rameter from two equations
(3) it is easy to determine
the equation of the de-
velopable surface as 7° =
2Xp1+ 2yp,. This develop-
able surface is a cylinder
because it doesnt have a

0)
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cuspidal edge. The same re-
sult can be obtained after
using the formulas (4) with
g=0.

The properties of
developable surfaces de-
signed on two plane curves
were also studied by G.E.
Pavlenko [27], V.Y. Bulga-
kov [33], P.l. Vorobkevich
[34], N.G. Olhovichenko
[35, 36, 37], Sh. Muradov
[38], and by others.

I.V. Kashina [39]
presented a new design
method for developable and
ruled non-developable sur-
faces dealing with a rolling
of sphere on two support
curves. The developable sur-
faces are generated by a
one-parameter family of
planes passing through the
center of the rolling sphere.
Some analytical expressions
are given in [40] for design
of developable surfaces
formed as a result of rolling
the sphere on two skew
straight lines.

.L.2N.N. Rijov's method of
developable surfaces’ de-
sign

N.N. Rijov has
presented a new
method for the design
of develo-pable sur-
faces [41, 42]. He rec-
ommended represent-
ing a ruled sur-face
with the help of the
equations of its genera-
trixes

y=kx+1, z=mx +n,

()
where k, I, m, n were func-
tions only of one parameter.
It was demons-trated that a
surface given by rectilinear
generatrixes would be a de-
velopable surface if

dl/
dk = dn/dm or /K =n/im
(6)
where K I'n’,m’ are the de-
rivatives of the functions
with the respect to the one
parameter. Condition (6) is
called as the con-dition of
developability. In this case,
the parametrical equations
of a cuspidal edge may be
written as
x = —=dl/dk = —dn/dm, y = kx
+1, z=mx +n..

A developable surface
degenerates to cone if by
chance x = —dl/dk = —dn/dm
= const, or to cylinder if x

= —dl/dk = —dn/dm = *
[42].

.1.3Design of developable
surface having only one
given line
of curvature a and one
known line of curvature g

The following theorem
was proved in paper [43] on
the basis of theorem 11.:

Theorem. If a straight
line and a curve, orthogo-
nal to this straight line and
intersecting it, are given
then a single parabo-lic
surface exists and it has
these lines as lines of prin-
cipal cur-vatures.

For example, R.
Alimov [44] constructed a

developable surface with a
given line of curvature a,
which had the parametrical

B

equations x = x(” ), y = y(

P ), z=12( P ). First he has

assumed a condition of in-
tersection and a condition of
orthogo-nality with the
curve a for a system of
straight lines (5) but after-
wards he used the condition
(6).

This condition of
developability gives
a differential equa-
tion

dk/d
= (p'+ ka)(pk — q)/(1 + p*+
q°), (7)

where symbols p = X'/, q =
y'IZ are used. Solving this
equation (7) it is possible to
find k = k(p,c), where c is
any constant. Having known
this constant ¢ one may de-
termine equations of a con-
tinued network of the
straight lines (5) of the de-
velopable surface. A devel-
opable surface with a given
line of curvature in the form
of parabolax =0,y =u,z =
—au® was researched in [45],
where differen-tial equation
(7) was written as dk/du — k/
(u + 4a%u®) = 0. The solution
of this equation was as-
sumed in the following

_ 2,2
form: k =uc/+1+4a‘u |

where ¢ = const. Having
presented the equation of a
tangent to the pa-rabola as (x
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-0/0=(y-uwl=(z+
au®)/( -2au) it is possible to
write an equation of a nor-
mal to this tangent line of
the parabola as

)X — 0)/1;= (y — u)/(2aun,) =
(z + au®)/n,

or 2aunix/l; + u =y and
nx/l; — au® = z. Comparing
the last expression and (5)
Alimov and Vohidov [45]
found t hat

k =uc/+1+4a%u? =y

m = k/(2au), n = —au®. Para-
metrical equations of the
cuspidal edge of the consid-
ering developable surface
they determined as
X = — (4a%u®+ 1)*%c, y = —
4au®, z = -3au®- 1/(2a).
The ¢ parameter is
linked with a ¢ angle of a
principal normal with a rec-
tilinear generatrix passing
through the parabola’s top as

c=2a/tan ¥ [44]

It is possibly to
prove the next theo-
rem:

Theorem [8]. If all rec-
tilinear generatrixes of a
developable surface of nor-
mals of any curve ¢ to turn
round in the appointed nor-
mal planes on a constant
angle then a new surface of
normals will be developable
one too.

One paper [46] is avail-
able presenting a design
method of developable sur-
faces when the ¢ line is
given with the help of its
tabular discrete meanings as

a function of the arc length.

.1.4Analytical methods
of L.V. Gyachev

L.V. Gyachev [47]
presented two analytical
methods for the design of
developable surfaces. He
recommended representing a
developable surface with the
help of a given directrix and
the equation of a curve of
spherical representation of
the designed surface.
Gyachev also has described
in detail the analytical
method of design with the
help of a given directrix and
the equation of a spherical
indicatrix of the tangent
straight lines to geodesic
lines of designed develop-
able surface.

.1.5A geometrical design of
developable surface
with the help of known cus-
pidal edge

This method is widely
used in graphical design. We
shall consi-der only analyti-
cal methods. Those who
want to use graphical met-
hods may study the papers
[48, 49, 50].

According to theorems
1, 2, 3 it is possible to write
the equation of a develop-
able surface in the vector
form [8, 9, 10, 13]

r=

r(uv) = ul(v),
(8)
where p(v) is the radius-
vector of a cuspidal edge,
p(v) = x(V)i +y(v)j + z(v)k;
X(v), y(v), z(v) are the para-

p(v) +

metric coordinates of the
cuspidal edge, I(v) is a unit
tangent vector, given at
every point of the cuspidal
edge by

I(v) = p)/Ip(v).

)

Thus a developable
surface with the curvilinear
coordinates u, v is obtained.
The u coordinates (v =
const) are the rectilinear
gene-ratrixes of the surface
and a curve u = 0 is a cuspi-
dal edge. H. Vogler [51]
studied the lines u = const
of developable surfaces. If
we take as the v parameter
the length s of a cuspidal
edge, then we have the fol-
lowing parametric equations
of the cuspidal edge: x = x
(5), y=1Y(s), z=12(s). In this
case Eq.(8) is

r=r
(u.s) = p(s) + ul(s) = p(s) +
up'(s)- (10)

The developable sur-
faces of constant slope gen-
erated by tan-gent lines of
helixes lying on the 2-nd
order surfaces were pre-
sented in Zamyatin's disser-
tation [52]. S.V. Beskopil-
naya [53] has demonstrated
a method of automatic mod-
eling the developable sur-
faces of constant slope with
cuspidal edges in the form
of helices lying on a one-
sheet hyperboloid of revolu-
tion (Fig 1, c). Once more
developable surface of con-
stant slope was presented by
Wunderlich W. [54] (Fig 6)
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who also studied an interest-
ing developable surface with
cuspidal edge on a one-sheet

hyperboloid of revolution
(Fig 7). A monograph [31]
contains an information
about 13 developable sur-
faces with given cuspidal
edges.

.1.6A kinematic method of
rotation of plane with a
straight line
around a cone or around a
cylinder

Assume, P is a tangent
plane to a cylinder with ra-
dius r, u is an angle of the x
axis with a normal to the
plane P; t, v are the rectan-
gular coordinates shown in
Fig 8. Due to Fig 8 paramet-
ric equations of a develop-
able surface shown in Fig 9
can be deter-mined as

X = rcosu
—tsinu, y = rsinu + tcosu, z
=V, (11)

where t = cv + b — ru, the
lines u = const and v = const
are the lines of principal cur-
vatures. This surface has the
cuspidal edge x = rcosu, y =
rsinu, z = (ru — b)/c in the
shape of a helix on a circular
cylinder with the r radius.
The similar research may be
performed if we ta-ke a tan-
gent plane to a circular cone
(Fig 10, 11) [31]. This kine-
matic method is described
adequately in the scholarly
works of ILA. Skidan [55-
571].

.1. /Design of a developable
surface as an envelope sur-

L

face of a
of circular cones

A.G. Varvaritsa [8]
has demonstrated the
method of design by the fol-
lowing example: Let' s take
the cone tan’a [(x — a)°+ (y
- b)?] - 2%= 0 where « is an
angle of a rectilinear genera-
trix with a plane H; a, b are
the coordinates of the cone
vertex. Assume the equation
of a curve along which the
vertex of a cone is moving
asy = f(x) or b = f(a) and
then one may write
F(x,y,z,a) = tan’a{(x — a)*+
[y - f(@)]°} - 2°=0.

After differentiating on

the a parameter Varvaritsa
[58] has found
oFloa = f(a)[y - f(a)]+ x —
a=0.
Having excepted a from the
both equati-ons he obtained
an equation of an envelope
surface in the form: R(x,y,z)
=0.

family

Theorem [59].The
horizontal projections of
rectilinear genera-trixes of
a constant slope surface,
directrix curve of which is a
curve of invariable slope to
the H plane, constitute the
constant angles with tan-
gent lines to the horizontal
projection of a directrix
curve.

Complementary
information is available
in [60, 61, 62, 63].

.1.8Design of a
developable surface
resting on an isolated
Space curve

Choosing a support
contour the investigators
have to take account of two
factors: 1) a support contour
must have not more then
two points of tan-gensy with
any plane and 2) a support
contour is a smooth curve
and the form of its plan is a
convex isolated curve.

Theorem. For a given
spatial curve, only two de-
velopable sur-faces resting
on it exist and every recti-
linear generatrix of these
surfaces intersects the given
isolated curve in two points
[64].

An example of geo-
metrical design of a devel-
opable sur-face resting on an
isolated space curve was
given by A.l. Volkov [65].
He has taken an isolated
curve defined as a result of
inter-section of a cylinder
and a hyperbolic paraboloid.
Two cylindrical surfaces
were constructed on this
spatial curve. An analogous
problem was studied in [66].
L. Bourget noted that this
problem was bound up with
a problem of manufacture of
a package in the shape of a
cylindrical tube.

1.Nector and
parametrical equations of
developable surfaces
If an equation of a
cuspidal edge is known one
may use vector equation of a
developable surface (8) or
(10). Let us take a helix on a
cylinder
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X

= acosv, y = asinv, z = bv
(12)

as a cuspidal edge. Then we

have from Eq. (8)

X = acosv — ausinv/m, y =
asinv. + aucosv/im, z =
bv+bu/m, m?> = a’ + b’
(13)

The arc length s of the
cuspidal edge is determined
by the formula s =

Ja?+b’v _ _
=mv,so v=s/

m. Having substituted v into
Eq. (12) we obtain

X =
acos(s/m), y = asin(s/m), z
= bs/m
(14)
and then using formulae
(13) or Eq.(10) we may find
X = acos(s/m) — ausin(s/
m)/m, y = asin(s/m) + au-
cos(s/m)/m, z = b(s+u)/m.
(15)

So, a curvilinear coordi-
nate s = const is a rectilinear
generat-rix tangent to a
curve (14) and a line u =
const is a helix on a cy-
linder with radius

r=a+vl+u®/m?

The equation of a de-
velopable surface can be
obtained without prelimi-
nary determination of the
edge of regression. So if one
assumes two director curves
ry = ry(u) and r,= ry(v) we
may write a vec-tor equation
of the developable surface
as
r(u,d) = ryu) + Afr2(v) — 11
(]

where 0 = As 1. According
to the condition (2) B. Bhat-
tacharya [32] pre-sented
ra(v) = ra[v(u)] = R(u), m
(u) = R(u) = ray(u)

and then he obtained

r(ud) = ry(u) + Am(u).
(16)
An equation of a de-
velopable surface designed
with only one line of curva-
ture a and with one line of
curvature g, taken as the di-
rect-rix curve a, can be pre-
sented in the vector form
[67]:
r(a.,f) = p(B)+ aeq(B),
where p(f) is a radius-vector
of the line of curvature a; e,

» = ncos®+ bsin®,

where n is a unit vector of
a normal to the curve p(p); b
is a unit vector of a binor-
mal, e,(#) is a unit vec-tor
coinciding with a rectilinear
generatrix of the develop-

able surface, ® _

[s'xdp+v ,

. where S

=|dp/d P |, x is torsion of
the a cur-ve; V is a constant
of integration. The scholarly
work [68] is available con-
sidering developable sur-
faces with generatrixes coin-
ciding with vectors of G.
Darboux. G. Zlatanov and
B. Tsareva [69] offe-red a
new vector equation of a
single-parametric system of
pla-nes bound up with some
curve. So, an opportunity

occurs to use for-mulae (3).
The same problem is studied
in the paper [70].

A well-known develop-
able conic helicoid (Fig. 12)
has a cuspidal edge in the
form of a conic spiral [71]:

X = x(v)
rosinicosv-e®’, 'y
r.sinisinv-e¥, z = r,cosi-e¥,
where A = const is an angle
of the oz axis with the cone
generatrix.

A developable surface
of constant slope [72] (Fig
13)

X = acost + atsint + uatcost;
y = asint — atcost + uatsint;
z = 0,5at’tang + uattanp

has a spiral edge of regres-
sion on a paraboloid of rota-
tion (u=0).

Vector or
parametrical equations
of 28 developable sur-
faces are given in the
monograph [31].
.1.10Gaussian quantities of
the first and the second or-
ders

Using an equation of a
developable surface (8) and
the expressions

ds’= drdr = A%du®+
2Fdudv + B%dv?
and -
drdn = d’rn = Ldu® +
2Mdudv + Ndv?
one can obtain
A2= 1 F2=x2+ y/2+ 2/2,

B’= F*+ u’
[FZ(X//2+ y//2+ Z//Z) _ (X/X//+
y/y//+ Z/Z//)Z]/F4, (17)
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1 //)

2
LMo N2
F2 [BZ_FZ

)
(18

The values of Gaus-
sian quantities (17) and (18)
can be rewrit-ten in the fol-
lowing form [29]

A2: 1, FZ — X/2+ y/2+
2%, B°= F(1+ u&’), L=
M=0, N=uF%k X . (19)
Using a formula (10)
S.P. Finikov [13] has
obtained

A’=1, F=

1,B°=1+u¥k, L=M=0,
N=uk* . (20)

For the developable
surface (16) with curvilinear

(LN-M?) _ FP(r+¥,+'¥,)

AN

coordinates u, A, B. Bhatta-
charya [32] has derived

A= [m@U)]% B*= rr, =
[dry/du + Am(u)]? F = m(u)
dry/du + Am(u)my(u),

N = nry,
= n[dry/du®+ imy(U)], L =
M =0, (21)

It follows from Eqgs
(17) = (21) that the curvilin-
ear coordinates u, v in (8); u,
sin (10), and u,A in (16) are

non-orthogonal (F = 0),
conjugate (M = 0) coordi-
nates. According to the for-
mula cosy = F/(AB) and to
Eq (21), where y is an angle
between two intersecting cur

-vilinear coordinates, it is
easy to prove that if two di-
rectrix curves are in parallel
planes, then the coordinate
lines u (4 = const) intersect
any fixed generatrix 1 at a
constant angle, ie, the angle
x does not depend on the
parameter A [94] or

dy/dA = 0.

V.N. Ivanov [67]
determined the Gaus-
sian quantities of de-
velopable surfaces with
one given straight line
of curvature aand with
one given line of curva-
ture p.

The ratios of quadratic
forms of surface have to sat-
isfy the two equations of
Peterson — Codazzi and the
one equation of C.F. Gauss.
According to Fig. 14 S.N.
Krivoshapko has obtained a
new form of representation
of Gauss' s equation [29]:

or for developable surfaces:

2+ ¥+ Y ouov =
0.

Knowing k,= -L/A?
k,= -N/B? or for develop-
able surfaces k,= 0, k,= =N/
B? it is possible to obtain
the principal curvatures of
developable surfaces as k,=
k= 0 and k= x/(uk). The
expression tany = uk derived
by S.N. Krivoshapko with
the help of Eq (19), shows
that tany increases propor-
tionally with the distance |u|
from a cuspidal edge to
some point on the surface.

Having u =% ,

¥y o rl2

we find

that and the
non- orthogonal coordinates
u, v would be asso-ciated
with the lines of principal
curvatures. So we have k; =
ky= 0, ko = x/tany.

It is known that a helix
(12) or (14) has k = a/(a’*+
b% and X = b/(@@®+ bd).
Hence, due to formulae (19)
it can be found that

A=1 F=a+ b
B’= F2+ u%a¥F? N = uab/
FZ,L=M=0 (22)
for an open helicoid (13),
and due to formulae (20)
one can obtain
A=F=1B=1+
u’a?/(@*+ b?)%, L=M=0,N
= abu/(a®+ b?)?
(23)
for an open helicoid (15).

Substituting  coordi-
nates X, y, z of the develop-
able surface (11) into the
formulae for determination
of Gaussian quantities of the
first and the second order
one may obtain [56]

A= rygry= (cv + b -
ru?=t, F=0, B=rr=1
+c, M=N=0,L=A/B.

These expressions
show that curvilinear coordi-
nates u, v of a surface (11)
are the coordinates in lines
of principal curvatures. A
fragment of an open helicoid
(Fig 15) limited by two lines
o =a,=constand a = ap=
const and by two li-nes g =
p1 = const and f = f, =
const may be presented by
the following vector equ-
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ation r(o,

p) = ae + (ap— a +f5cos ® )
g +psin © k

(24)

where p= | Z:ﬁcose)

Sin® 21 .
g+ P K|, A is the ra-
dius-vector of a rectilinear

generatrix, ® is an angle
of the vector g with the vec-

tor A . For this case, Yu-
hanio Marulanda [24] has
determined

f(u)=2~u?/c*-1p parccos (c/u)+d E: z

A2: rara: (

a,—a+ fcos O
0 ﬂ )2/a2’ F —

L=@“r“r’
YA =-ASN® ;2 M =0, N

=" r“r’)A = 0.
(25)

Hence here o and f are
the curvilinear coordinates
in lines of principal curva-
tures.

The parametrical
equations of a developable
surface of constant slope
with a cuspidal edge on a
paraboloid of rotation (Fig
13) were given at the end of
the part 1.9. Ga-ussian quan-
tities for these surface were

determined in the following
form
A?= 1= a[(u + t)*/cos?

+ U4, F = rry= a%t(u
+t)/lcos®

B2= r,r,= a%t’/cos* L

[ A2p2 2
= (e VAR TFT 2
autsin 'B,M:N:O.

F.S. Sulukmanov [73]
has presented new paramet-
rical equations of a develop-
able helical surface as x = x
(u,v) = ucosv, y = y(uv) =

usinv,

u,v)
= pv + f(u) where p is the
spiral parameter, f(u) is un-
known function for the pre-
sent. He has used the ex-
pression LN — M?= 0 and
after substi-tutions he has
obtained the differential
equation uf "(u)f '(u) = p?
and its solution as

where ¢, d are any constants
of integration. Giving some
numerical values to p, c, and
to d one may construct the
developable helical surfaces
with different meridians.

.2Construction of the
surface developments on a
plane;

a common bending the
fragments of intersecting
developable surfaces;
movement of any plane
curve into the section of a
developable surface;

parabolic bending of de-
velopable surfaces

.2.1Parabolic bending of
an open helicoid
Let us take an
annulus with inside
radius a, (Fig.16)
and cut it along a
straight line passing
through the point
with coor-dinates x
= ao,, Y = 0 and par-
allel to the y axis.
This straight line is
the tangent line to
the inside contour.
Parabolic bending
transforms the an-
nulus into an open
helicoid with a cus-
pidal edge in the
form of a helix, ly-
ing on the cylinder
with radius a (a =
a.,cos’e) [74, 75]
where ¢ is a helix
angle. An open heli-
coid (13) or (15
has tang = b/a and

b = atang = ags-
inpcose. Substitut-
ing b into the para-
metrical equations
(15) S . N.
Krivoshapko [76]
obtained

X = a,c05%p [cos(s/m) — usin
(s/m)/m], z=sing (s+ u),

y = a,c08%
[sin(s/m) + ucos(s/m)/m],
m = a,C0S¢.
(26)
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Hence, taking an an-
nulus cut along a tangent to
the inside contour, we can
write the equations of the all
class of open heli-coids,
constructed by the parabolic
bending of this annulus.
Every helicoid shown in
Figl7 has the same plane
circle develop-ment shown
in Fig. 16.

A design, developing,
and manufacture of open
helicoidal surfaces from
sheet materials are set forth
by O. Kienzle [6]. He stud-
ied the opportunities of con-
struction of continuous heli-
cal surfaces from fragments
of elementary helical sur-

faces both in the axial di-
rection and in the radial di-
rection.

Let us consider the
paths of the moving rectilin-
ear generators of an open
helicoid during its parabolic
bending. Knowing the equa-
tion of an rectilinear genera-
trix passing through the po-
ints with s = 2za,, u = 0 and
S = 2ma,, U = Uy (Fig 16) it is
easily to determine a trajec-
tory of this generatrix due to
formulae (26). By analogy it
may be made with other rec-
tilinear generatrixes.

Parametric  equations
(26) make possible to calcu-
late the components of the
vector of elastic displace-
ment U(u,s) = ryu /A + rgug/
B + nu,during the parabolic
bending of an open helicoid
with 4 moving sides. These
4 boundary sides change the

slope of their tangent lines
too.

If we take an annulus
for the first position then it
IS pos-sible to obtain [76]

u,= (s + u)sin ¢ = Z, Us=

Ji+u®/a? ¢
a, ° [1 - cos?
(coss; + usinsi/m)]éu,

u, = cos® [ao(1/cos

2

— 1)sinsi+ (@ ® fu + u/
2

cos ¥ Yeoss]—a ® Ju-u,

®»

where s;= (cos ¢ _ 1)s/m.

tion of the surface develop-
ments are based on the in-
variance of Lame coeffi-
cients in theory of surfaces.

Theorem [78]. If only
one rectilinear generatrix
of a develo-pable surface
transforms into a rectilin-
ear generatrix of other de-
velopable surface then it is
the required and sufficient
condi-tion for the parabolic
bending of any ruled sur-
face.

Theorem [78]. If the
bending of any surface F;
into a surface F, is para-

bolic then the sur-

_ h h 0 . faces Fy and F, are
X, = ! co{ ! k(s)ds]ds+uco{ _([ k(s)ds], ruled surfaces.

I t i s
necessary to pay

theorems 5, 8,

yp=IsinUk(s)dsts+usinUk(s)dsJ; attention also to
0 0 0

Parabolic bending of the an-
nulus into an open helicoid
can be realized with one rec-
tilinear generatrix (s = 0)
fixed (Fig 2).

Nakayama Kazuaki and
Wadati Niki [77] investi-
gated the motion of de-
velopable surfaces with con-
servation of lines of princi-
pal curva-tures.

2. onstruction  of
surface developments on a
plane

Construction of shells
with developable middle
surfaces foresees a process
of drawing of developments
of their middle surfa-ces. As
a rule, methods of construc-

10, 13, 16. Let

cosg, = (F +u/ )/\Ju? + 2Fu/ + B,

us examine only ana-
lytical methods of de-

sign of de-velopable
surfaces' develop-
ments.

A coordinate method.
The X, y, coordinates of the
points of a development are
obtained with the help of the
formulas [8]

where k(s) is a curvature of
the cuspidal edge. As an ex-
ample we can take an open
helicoid with k = k(s) = a/
(a®+ b? = const and then

x,= (m?/a)sin(as/m?) + ucos
(asim?®), y,= —(m*a)cos(as/
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m?) + (m?a) + usin(as/m?).

Let us limit the devel-
opment by a curve of inter-
section of an open helicoid
(15) with the xOy plane (z =
0). This procedure gives the
following equation:

z=Db(s + u)/m?=0
and then we shall have u = —
s. Hence, taking u = 0 one
may find the equations of a
plane cuspidal edge
Xpe = (MP/@)sin(@s/m?), ypc=
—(m?/a)cos(as/m?) + (m?/a)
which are the equations of a
circumference with radius R
= 1/k = m/a. Taking u = -s
one can determine the equa-
tions for the developed-on--
a-plane curve of intersection
of the helicoid with the
plane z=0.

A method of consis-
tent calculation of lengths
and angles was described in
the paper [79]. Its essence
consists in the follo-wing.
After determining an equa-
tion of a cuspidal edge it is
necessary to write the equa-
tions of contour lines in the
form u;= uy(v) and u,= up
(v). Lengths L of rectilinear
generatrixes are obtained
with the help of the formula
L = uy(v) — uy(v). Angles
betwe-en the contour lines
and the rectilinear genera-
trixes can be found from the
formula

where i = 1; 2. The lengths
of the contour line between
two recti-linear generatrixes
are determined from the fol-
lowing formula

Xy =(x-+1' 7K N1+ K2 +m? cosa— [(1' 7k f¥1+K? +m? cosedu,

Uo

Yo =(x+1 /K N1+ K2 +m? sineo— [ (1 7K' f Y1+ K2 +m sinaxdu,

a):j\/(k’m—kn{)z +K2 2

1+k? +m?

Uo

Vi
s, :J‘\/ui’2+2Fq’ +B’dy,

Vi

where i =1, 2.

Let us examine this
method. As an example, let
equations (13) represent the
open helicoid [80]. Assume
a=2m,b=1mthen, accor
-ding to formulae (22), we
obtain F°= 5, B°= 5 +
4u%/5. Let us assume the co-
ordinate linesu = u;=3 m
and u = u,= 6 m as the con-
tour lines. Hence, we may
derive the following linear
and angular numerical pa-
rame-ters: L = u,— uy=3 m

(p_\/g/

and cos ' | =

J5+4u°/5
= 0.6401
= 5012, cos?, =

0.3846 or ¥ ,=67°24", 5, =
3.49(Vj - Vk), Sy = 5.81(Vj—

Vi). Assume Ay = Vi— VW=

7/12. In that case we have s;
= 091 m and s,= 1.52 m.
On the basis of the above-
obtained values one can

or

draw the development
(Fig.18).
Using the same

dy @pproach G.C. Bajoria [81]

offered to use the formulae
of analytical geometry for

calculation of L, ?' and's..

R.U. Alimov's
method. This method is used
for developable sur-faces
defined by formulae (5). Us-
ing the invariance of parabo-
lic bending, N.N. Rijov and
R.U. Alimov have derived
the equations for a mathe-
matical model of develop-
able surface's development
[42, 82] in the following
form

where .

An illustration  will
make this clear. Let us draw
a develop-ment of one turn
of an open helicoid with the
edge of regression (12).
Equations of a continued
network of rectilinear gen-
eratrixes can be found from
the formulae (13) after
eliminating the u parameter
from the second and third
equations, so
y =alsinv-x/tanv; z=bhb
(v + 1/tanv) — bx/(asinv).

So we have k = -1/
tanv, | = a/sinv, m = —b/
(asinv), n = b(v + 1/tanv).
Then it is necessary to cal-
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(0

[ A2 2
culate = av/ a’+b

In that case, due to Alimov's
formulae we may find

Xp= (X — acosv)mcos(av/m)/
(asinv) — m’sin(av/m)/a,

Yo = (X —
cosv)msin(av/m)/(asinv) +
m?cos(av/m)/a..
(27)

At last, it is necessary
to substitute the x coordinate
of the cuspidal edge from
formulae (12) into formulae
(27) and then

X, = -m’sin(av/m)/a
and y,= m’cos(av/m)/a.

These are the paramet-
rical equations of a circum-
ference. If somebody wants
to draw a curvili-near coor-
dinate u = u;= const on the
plane development he must
subs-titute u = u; into the
formulae (13) but the result
he must substi-tute into the
expressions (27).

An_additional review
of methods of making the
developments. I.A. Skidan
offered methods for a devel-
opable surface (11) and for a
develo-pable surface with a
cuspidal edge lying on a
cone [56, 57]. For the appli-
cation of these methods it is
necessary to know the equa-
tions of the cuspidal edges.
We must mention the well
known method of triangula-
tion. This is an approximate
method with change of a
developable surface by a
system of plane triangles
[14, 83]. Deve-lopments of
polar and rectifying devel-

opable surfaces are also
known [84, 85]. A.L. Marti-
rosov [86] wuses director
cones for construction of the
developments of the 4-th
order developable surfaces
with two di-rectrix plane
curves. L.S. Panasyuk [87]
supposes that his paratra-ce'
method simplifies geometri-
cal calculation of the devel-
opments. O. Kienzle [88]
devoted much attention to
the construction of develop-
ments of compound devel-
opable surfaces and pre-
sented a new method for
their ~ construction. Some
diagrams, graphs and
schemes of the devices was
prepared by A.K.Gitis [89]
to mechanize the process of
design of developments of
the developable slope sur-
faces. She used formulae of
the coordinate method.
Several graphical
methods are presented in the
reference book [29].

.2.3Common bending of
fragments of intersecting
developable surfaces

Common bending of
intersecting developable sur-
faces' frag-ments is such si-
multaneous bending when
their line of intersection is
transformed into the line of
intersection of the bent sur-
faces.

A problem was formu-
lated in [1] in the following
way. A deve-lopable surface
@, is given and a line | on it
is given too. It is necessary

to find another developable
surface @, which will inter-
sect @; along the line I.
These two surfaces @; and
@, must be de-veloped on a
plane by common bending.
Let us assume some well
known conclusion:

dif a  line of
intersection of two surfaces
@, and @, is a straight line
then it is obviously that this
IS a rectilinear ge-neratrix
and it will be not separating;

.2not separating line of
intersection of two develop-
able surfaces may be a prin-
cipal curvature line for both
surfaces @; and @, if these
surfaces are the surfaces of
constant slope of their recti-
linear generatrixes.

An analytical solution
of this problem was given
by 1.P. Gersh-man in his pa-
per [90]. He offered to take
an equation of a surface @,
as P(x,y,z,t) = 0, Py(x,y,z,t) =
0 by analogy with the Eq.
(3). Let us present any line |
lying on a surface @, as P
(x,y,2,t) =0, Pe(x,y,z,t) =0, F
(x,y,z) = 0 and let us write its
equation in the parametrical
formas x = x(t), y = y(t), z
= z(t). An equation of a sin-
gle-parametric  system of
oscu-lating planes for the
curve | can be written as
Ao(t)x + Bao(t)y + Co(t)z + D
(t) = 0 or Q(xy,zt) = 0,
where
Ad(t) = y2' - 2y" B(t) = 7
X X" Ca(t) = X/y” _ ylx”;
Da(t) = —Ax(t) — Bay(t) -
CzZ(t).
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Then, an equation of a
sing-le-parametric system of
planes passing through the
tangents to the line | lying
on the given surface @, is
compiled as
P(x,y,z,t)+ 1Q(x,y,z,t) = 0 or

G(x,y,zt, 1) =0.

After determination of
cos @ and cos P2 where
@y

is an angle between the
tangent plane of @; and the
osculating plane of the line

l, but ?2 is an angle be-
tween the osculating plane
of the li-ne | and a plane
from the single-parametric
system of the planes passing
through the tangents to the
line I, it is necessary to as-

sume cos 4= cos ¥? and
after it to find 2 = 1 (t). Hav-
ing substituted A into the
equation of the planes pass-
ing through the tangents to
the line | one can obtain R
(x,y,z,t) = 0. This expression
IS an equ-ation of the single-
parametric system of planes
shaping the surfa-ce .
Solving together two equa-
tions R(x,y,zt) = 0 and R;
(x,y,z,t) = 0 one can obtain
an equation of the surface
@,. Sol-ving jointly three
equations R(x,y,z,t) = 0, R;
(x,y,z,t) = 0, and Ry(X,y,z,t) =
0 one can find parametrical
equations of a cuspidal edge
of the developable surface
D,.

.2.4/Motion of some plane

curve into the section of a
developable surface

2%s) = K(S); X% + Y

+7%s)=1 (28)
for the determination of co-
ordinates x = x(s), y = y(s)
of the cuspidal edge. So, the
adduced formulae give an
opportunity to obtain para-
metrical equations of a cus-
pidal edge of a developable
surface made from a given
plane development. They
suppose that values of u(s),
k(s) are known. Design
problems of a developable
surface are researched in
Myard's papers [92, 93]
also. F. Myard showed how
to superimpose a plane cir-
cle area on an open helicoid.
V.S. Obukhova and
S.F. Pilipaka [94] repre-
sented new solution of the
problem in question. They
used the condition of equal-
ity of arc lengths of two
curves L and L* and proved
that not every plane curve L
may be transformed into the
plane curve L* lying on a
developable surface.

2.5Flexural rigidity
of developable surfaces

Some scientists re-
search bending of develop-
able surfaces from the point
of view of infinitesimal
bending of developable sur-
faces [95]. P.L. Simokin
[96] proved, that develop-
able surface is rigid if its
edge of regression is rigidly
fixed. Infinitesimal bending
of a developable surface
with a curve intersecting all
rectilinear generatrixes of
the surface was researched
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under con-dition of admis-
sion of displacements of the
points of this curve only
along the given constant di-
rection [97]. Indications of ri
-gidity are given for a devel-
opable surface limited by
two rectili-near generatrixes
and by two curves intersect-
ing all rectilinear genera-
trixes [98].

Let a surface @ is a
regular developable surface
not having plane areas and
singular points. This surface
may be separated by recti-
linear generatrixes into
strips. A line g is a regular
line intersecting every recti-
linear generatrix of the sur-
face @ in only one point.
Having fixed this surface @
along the curve g relative to
any two points of the space
one may have the analyti-
cally un-bending surface @
[99].

Such scientists like
P.L. Simokin [96], S.T.
Khineva [98], V.I. Mik-
hailovsky, M. Sherkuziev
[99], J. Uteuliev [100], K.N.
Gayubova [101] have scien-
tific achievements in this
field.

3Approximation of
developable surfaces by a
system of planes;

approximation of gen-
eral surfaces by a system
of developable surfaces

.3.IApproximation  of
developable surfaces by a
system of planes

It is easy to bring
off such approximation

L

for developable sur-
faces because they are

formed by a single-
parametric system of
planes. A principle of
design of polyhedral
surfaces is the same
one and does not de-
pend on geometrical
form of a developable
sur-face [80]. Let us
consider  developable
surfaces with two plane
contour curves. We may
obtain the coordinates
of angular points of a
polyhedral surface as
coordinates of points
of intersection of three
planes. Two adjacent
planes of the polyhe-
dral construction are
the first two planes.
The third plane is a
plane with a conto-ur
curve. Knowing the co-
ordinates of the angu-

lar points of cons-
truction it is easy to
calculate all necessary

linear and angular pa-
rameters for the poly-
hedral surface develop-
ment.

Consider a specific
example of application of
this method [102]. Let's take
a developable surface with
directrixes (1) in the form of

2 2 _p2
acircle 7 *¢ =R% x =1
and of an ellipse
2 2
y_+z_ 1’
b a’ :
x =0 (Fig 19)

which are lying in the paral-
lel planes.

Assumel =5m,b =16
ma=4m R=2mand
then a sing-le-parametric
system of planes will have
the equation

M(x,y,zv) = (4 - 2
2 2
V36 -5v X — 5 4—v

2
y—5vz+10 VO~V — ¢

v = z, where z is a coordi-
nate of the circumference
placed in the plane x =5
m. Let us take two planes
withv=2mandv=15m
(Fig 19) but as the third
plane we shall have the
plane with x = 0 containing
the ellipse. In that case we
shall use three equations M
(v=2)=0,M(v=15) =0,
and x = 0. Solving them
jointly one can obtain the
coor-dinates of the point of
intersection of the three
planesas x =0,y =3,z = 4.
By analogy, one can find the
coordinates of all other an-
gular points and afterwards
one may draw the develop-
ment (Fig.20).

Additional information
can be found in papers [103,
104, 105, 106].

.3.ZApproximation  of
general surfaces by a sys-
tem of developable surfaces

A problem of approxi-
mation is the change of a
complex sur-face by a sys-
tem of simple technological
and easily described sur-
faces. Approximation of
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complex surfaces with the
help of de-velopable sur-
faces should preferably be
used [1, 107].

If a discrete linear
framework is chosen one
can take every two adjacent
lines as directrices (1) and
then one can construct deve-
lopable surfaces on them
[74]. So a given surface will
be approxi-mated by parts of
different developable sur-
faces. Presented in [105,
108, 109] are examples of
graphical approximation of
complicated surfaces by the
system of developable sur-
faces.

4The rolling of
developable surfaces on
each other

Every motion may be
represented by one rotation
about specific axis and by
one displacement along this
axis, i.e. by spiral moti-on.
Two ruled surfaces may os-
culate along a rectilinear
generatrix only if this recti-
linear generatrix has the
same parameter of distribu-
tion p = lim(d/w) where ¢ is
the least distance between a
fixed rectilinear generatrix |
and a infinitesimally close
recti-linear generatrix I*, w
is an angle between | and I*.
A cylindri-cal surface has p

= * but a developable sur-
face has p = 0 [20]. Ruled
surfaces may roll only on
ruled surfaces and develop-
able surfaces may roll only

on developable surfaces.

Let us take two devel-
opable surfaces with their
cuspidal edges given in the
following form
X=X,y =fi(x), z="1(x)and
X=X, Y =FyX), Z=FyX).

The first invariance of
bending supposes equality
of differen-tials of cuspidal
edges' lengths
ds = (1 + y?+ 7%"dx = dS
— (1 +Y 2 + le)llde.

The second condition
supposes equality of curva-
tures of the cuspidal edges
in every their point. Having
fulfilled these two condi-
tions one can obtain the pa-
rametrical equations X = f;
(X), Y = f4(x), Z = f5(x) of a
cuspidal edge of the second
developable sur-face as a
function of the x parameter
of the first surface [110].

A.L. Martirosov [110]
demonstrated his method by
the following example: Let
us take an open helicoid
with the cuspidal edge (12).
A cuspidal edge of the roll-
ing surface let us take also
as a helix X = ccosV, Y =
csinV, Z = dV on a cylinder.
Arc lengths of the cuspidal
edges can be obtained from

formula
vai+b® _

s=v S=V

[A2 2
¢ +d% ot from (VIV)? =

(a%+ b?)/(c? + d?).

Having equated the
curvatures of the cus-pidal
edges A.L. Martirosov [110]
determined a/c = (a’+ b?)/

(c>+ d?) and after compari-
son of the two last formulae,
at last, he derived V2= va/c.
A value ¢ for the second
open helicoid may be se-
lected arbitrarily but a lead
of a spiral cuspidal edge d
must be obtai-ned from the
expression d?= (a’+ b?cl/a
— ¢ Finally, the equations
of the cuspidal edge of a
rolling open helicoid were
written as X = cCosAv, Y =
csinAv, Z = Avd, where a
new parameter A was as-
sumed as A*= alc. AL.
Martirosov offered also to
present an angle y of in-
tersection of open helicoids'
axes in the following form:
7=7z—(05+a*)

, Where «

*

and & are the helix angles
of slope of recti-linear gen-
eratrixes of the open heli-

coids: tg % = bla and tg
* a*

=d/c butc =acos®* |/

) a
Cos

o

So, due to the given
formulae the rolling open
helicoid can be defined. But
it should be noted that roll-
ing a developable sur-face
on its bending is limited in
practical purposes for real
phy-sical models [111].

Martirosov
and Rachkovskaya
[112] proved also that
any cone with a vertex
in one point of a cuspi-
dal edge of any devel-
opable surface and hav-
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ing a rectilinear genera-
trix coincident with de-
ve-lopable  surface's
generatrix can roll on
this developable sur-
face, changing continu-
ously parameters of a
cone. The vertex of the
cone must reside on
the cuspidal edge all
time.

S5The using of
developable surface theory
for geometrical investiga-
tions of complicated sur-
faces

Analytical description
method for kinematic sur-
faces with a de-velopable
surface as a stationary axoid
surface was offered in the
paper [113]. If every recti-
linear generatrix of any
ruled surface @, to rotate
around the edge of regres-
sion in a tangent plane on
the same angle o then we
shall have a ruled surface
@;. The surfa-ce @, is called
a Pirondini surface. One
may assume developable sur
-faces as the surfaces @,.
Wunderlich [114] has stud-
ied a surface @, in the form
of an algebraic developable
surface of the 3-d or-der
with the cuspidal edge x = v
- V¥3, y = V4 z = a(v +
v33). He has proved that
surfaces @; would be the 5-
th order surfaces. The spe-
cial isometric representa-
tions of developable sur-
faces of constant slope are

L

demonstrated in [115].

Developable surfaces
as central developable sur-
faces were used for con-
struction of oblique ruled
surfaces of appointed class
[116, 117]. The theory of
developable surfaces is ap-
plied for ma-king the devel-
opments for not developed
on a plane surfaces [74,
118]. Some papers are
known where a one-sided
developable surface
(Mobius surface) is re-
searched [119, 120, 121,
122]. Some scientists con-
sider that A.F. Mobius's sur-
face is a closed regular sys-
tem of developable surfaces
[119]. Developable surfaces
can be used for design of
branched canals' models
[105]. Researches made by
V.A. Sladkov give a chance
to construct awning surfaces
of appoin-ted class as ruled
surfaces [1].

.6Generalization of
developable surface's con-
cept for multidimensional
spaces

In some scholarly
works, an idea of a develop-
able surface is generalized
to multidimensional spaces.
A surface @, formed by a
single-parametric system of
the k-dimensional planes in
Euclid space E, is exam-
ined in paper [123]. Aumann
Gunter [124] has also pub-
lished the review dealing
with the single-parametric

system of the k-dimensional
planes of Euclid space. It
follows from the work [125]
that three types of develop-
able surfaces in hyperbolic
space are available, i.e.,
conic and tangential sur-
faces, geodesic cylin-ders.
The (m + 1)-dimensional
diversity M generated by the
sing-le-parametric system of
the m-dimensional planes of
descriptive space was stud-
ied by C. Thas [126]. V.M.
Savitskiy [127] adduced a
classification of developable
surfaces of Lobachevskiy's
space. The properties of
every class were studied by
him. He has researc-hed also
a regular bending of these
surfaces [128].

Various aspects of
presentation of developable
surfaces in Lo-bachevskiy's
space can also be found in
V.M. Savitskiy's paper
[129]. A presentation of de-
velopable surfaces in de-
scriptive space P, can be
found in [130]. K.N. Ga-
yubova [101] studied devel-
opable surfaces in pseudo-
euclidian space, S.I. Kisner
[131] examined them in Hil-
bert space.

Additional informa-
tion about deve-lopable sur-
faces in the affine space can
be found in [132]. The prob-
lem in question is presented
in papers [133, 134, 135]
too.

.7Application of the thin-
walled developable con-
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structions

It was noted at the be-
ginning of this article that
shells in the shape of devel-
opable surfaces are the
cheapest constructions
among many geometrical
models. For example, rein-
forced concrete shells in the
shape of developable sur-
faces can be reinforced by
plane or roll meshes and
shutter can be made from
rectilinear or sheet elements
[120]. Some sketches of
buildings in the shape of de-
velopable shells are repre-
sented in [29, 112, 136, 137,
138]. 5 types of ruled heli-
coids were presented for the
application as helical ramps
for multistory garages [139].
S.M. Halabi [140] proposed
several developable surfaces
for covering arbitrary trape-

ziform plane.
Several examples of
thin-walled developable

constructions for naval engi-
neering system were given
in [79]. Developable sur-
faces can be geometrical
models of technical con-
structions from sheet materi-
als [141, 142]. Such con-
structions are widely used
for diverse conduits and
pipelines [105, 143].
Mechanical
engineering is the main
sphere of application of
open helicoidal shells.
These shells are used
in  screw conveyers
[144] which consist of a
trough, a rotating shaft

L

on fixed bearings, and
a long helix fastened
on the shaft. The full
length of a screw con-
veyer can reach 76 m.
A section of a helical

surface maybe bent
from a steel sheet with
a thickness of 4-8 mm.
A helical conveyer in
the form of develop-
able surface with a
conic helical cuspidal
edge was described in
[145]. An open helicoid
is used in Dblast-
furnaces as a director
surface in gas pipelines
[29]. Mathe-matical cal-
culation of profile of a
spiral evolvent surface
made by worm-cutters
was given in papers
[146, 147]. New meth-
ods of design of the cy-
lindrical gearing with
teeth having a work
surface in the shape of
a developable surface
were presented in [148,
149, 150]. V.S. Luks-
hin [151] supposed to
finish machining a spi-
ral developable sur-face
of the cutting tool with
the help of method of
rolling. The information
about initial stages of
the development of ge-
ometry of in-volute hob
and gear teeth can be
found in the paper
[152].

The application of de-
velopable surfaces in agri-

cultural mecha-nical engi-
neering was first offered by
V.P. Goryachkin [14]. This
problem has attracted con-
siderable attention from J.N.
Gorbatovich  [91], L.V.
Gyachev [47], Y.G. Kar-
dashevskaya [153], N.P.
Raevskiy [50], A.G. Zak-
harov [62] and from many
others,

Archimedes designed
his screw for the transport of
water [29]. The geometrical
properties of a developable
surface of constant slope can
be used for the approxima-
tion of a topographical sur-
face [154], they can be used
also for the design of slopes
of em-bankments of main
roads [59]. Results of geo-
metrical researches of devel-
opable surfaces are also ex-
ploited in the light and food
in-dustry (package [66], an
automatized process of
clothe design [154]), in coal
engineering industry [155].
Some works are devoted to
the application of develop-
able surfaces in aircraft con-
struction [108].

G.E. Pavlenko [27]
has proposed the theoretical
bases of cons-truction of a
ship hull of the simplified
shape from fragments of de-
velopable surfaces. This
problem also has attracted
the attention of some geo-
metricians [74, 156, 157].

A.L. Podgorniy, N.I.
Snisarenko [158] and 1.V.
Voloshina [159] investi-
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gated the rays' set reflected
from developable surfaces.

It's possible to list
many examples about possi-
bility of using of develop-
able constructions but we
shall limit ourselves by ad-
duced examples.

Conclusions and future
researches
Developable
surfaces and shells are
attractive due to their
ability to form different
configurations in a plan
and in space. These
surfaces can satisfy the

various requirements of
designers and geomet-
ricians who work in
civil and industrial en-
gineering, road build-
ing, aircraft construc-
tion, and shipbuilding.

In this work we
touched upon geomet-

Fig. 1.

a — A cylindrical surface with a directrix helix lying on a sphere

b — A wavy conic surface

¢ — A developable surface with an edge of regression on the one-sheet hyperboloid
of revolution

Fig. 2.

Parabolic bending of an annulus with inside radius a

Fig. 3. A developable surface with two parabolas with intersecting axes

Fig. 4. A developable surface with two parabolas on vertical intersecting planes
Fig. 5. A developable surface with two ellipses placed in parallel planes

Fig. 6. A surface of constant slope with cuspidal edge on an ellipsoid of revolution
Fig. 7. A developable surface with cuspidal edge on a one-sheet hyperboloid of
revolution

Fig. 8. Forming Monge’s ruled surface

Fig. 9. A Monge’s ruled surface

Fig. 10. Forming Monge’s ruled surface with directrix cone

Fig. 11. A Monge’s ruled surface with a directrix cone

Fig. 12. A developable conic helicoid

Fig. 13. A developable surface of constant slope with an edge of regression on a
paraboloid of revolution

Fig. 14. A fragment of shell given in non-orthogonal coordinates with stress resul-

N, N, S, Sy

tants (tangential forces) N, N,, S and
Fig. 15. A fragment of an open helicoid (Monge’s ruled surface, Fig 8, 9)
R — / 2 2
Fig. 16. An annulus with inside radius a, and outside radius ° %
Fig. 17. Open helicoids made of the same annulus by parabolic bending,

0<s<2m, 0<uc<u,

Fig. 18. Approximate development of an open helicoid

Al A
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Fig. 19. Approximation of the developable surface with a circle and an ellipse by
a single-parametric system of planes
Fig. 20. The development of the polyhedral surface shown in Fig 19

i

Cuspidal edge

Fig. 4

o
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Fig. 6

0 =2
u=0
=0
Fig. 9 X1 Eig. 10 Fig. 11 Fig 12

Fig. 13
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