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Kef'laio 1
Eisagwg

Elikofirec “traktoi plobwn, anemogennhtri,n, aeropl"nwn kai genikitera “traktoi metafor™c i-
sqOoc teqnik™ ulopoihménwn kataskeu,n diastaseologoOntab’sei the firtis ¢ touc. H firtish
mporeb na ebnai apl, dhlad apokleistik™ efelkustik , jli ptik , kamptik streptik alloi,c
sOnjeth. Sunhjbzetai na l&getai, iti mia “traktoc fortbzet ai sOnjeta itan sthn k'jeth ston “xona
summetrbac thc diatom droOn perissiterec api mba 0jog, miston “xona auti sunist,sec fortbou.
Gia par"deigma sunduasmob api kK"'myh kai streyh  sh kai str¢h ilec oi sunist,sec tauti-
grona. Gia ton mhganiki h an”lush twn fortbwn se orjog,niec s unist,sec ebnai aparabthth gia thn
diastaseolighsh mi"c atr’ktou kaj' ison oi ufist'menec t’s  eic kai epimhkOnseic sto uliki sujé-
tontai se sOjeta megejh pou sugkrbnontai me ta oriak™ epitr@imena. Oriak” epitrepimena sOnjeta
megejh ebnai oi peiramatik™ diasfalisménec oriakéc timéaupja breb kanebc sta diejn pritupa kai
se pbnakec.

To pritupo diastaseolighshc galObdinwn atr'ktwn metafor~ ¢ isqOoc kataponoOmenwn me sOn-
jeth firtish  DIN 743 ePnai mPa sOgqronh, ekten ¢ prodiagraf diastaseolighshene statistik™
diasfalisména stoigeba gia ta epitrepimena iria katapinhshc (bl. [1], [2], [3]).

'Ena axoniki sOsthma déqetai sOnjeta fortba pou epgontai:

Api thn antbdrash thc elikac, Bshc me to kat™ to méson an”™ pesflo peristrof ¢ wfelimo
fortbo streyhc tou kinht ra priwshc (mésh rop stréyhc)

Api tic antidr’seic twn edr'nwn san éna pollapl” uperorismé no sOsthma édrashc me édrana
pou metab’loun sto di"sthma tou grinou tic sgetikéc me ton diam kh “xona thc atrktou
jéseic twn kéntrwn touc kat” ton ploO (elastiki sk™foc)

Api thn dunamik kat"stash twn kat™ to m koc tou katanemhménwn maz n adranebac

Ektic api thn métrhsh twn katapon sewn (epimhkOnsewn) me sipi ton élegqo thc antog ¢ mi“c
atr’ktou merik,n krBsimwn shmebwn enic axonikoO sust mat, diex gontai epbshc metr seic rop ¢
streyhc gia:

An’lush thc metafor"c wiélimhc isqOoc egkatast™sewn priws hc, gennhtri n, antli,n, genik”
mhgan,n paragwg c kai aporrifhshc wfelimou ergou



Dunamik an’lush streptik,n fortbwn

Sto sq ma 1.1 emfanPzetai h diam khc tom kai h pl"gia iyh ent axonikoO sust matoc m kouc
60 metrwn. DiakrPnontai dexi” jéseic edrashc. Sthn tom diaPnontai ta tm mata pou apotelebtai to
axoniki sOsthma kai oi armiseic egk’rsiac sOsfixhc. Ta tm mata twn axinwn ePnai kobla me exwterik
diametro 440mm kai eswterik 115mm. To koPlo meéroc tou axonikoO sust matoc filoxeneD ta
irgana elégqgou tou b matoc thc éelikac.

Sto sq ma 1.2 fabnetai h di“taxh kinht ra, axonikoO sust matoc kai élikac me éna édrano sto e-
leOjero tm ma kai sto sq ma 1.3 mPa “lIh di"taxh dOo kinht rwn par’lihla suzeugménwn me meiwt ra
kai axoniki sOsthma me dOo edr’seic.

H métrhsh twn orjogwnbwn sunistws, n firtishc ebnai antikebmeno poll,n mejidwn api tic opobec
h kuriiterh, akribésterh kai ligw gamhloO kistouc exoplism 00 pii sun jhc efarmizetai mésw
elastikoO s matoc , to opoPo paremblletai metaxO dOo “krwn thc atr'ktou. H mdr tou elastikoO
s,matoc epilégetai kat'llhla ;ste to metroOmeno meégejoc ep ' autoO na mhn exart’tai par~ minon
api to orjog,nio fortbo pou endiaférei. ParadeBgmatoc qri, €’n epijumoOme na metr soume thn
stréyh h di"taxh me to elastiki s,ma kai ta aisjht ri" tou ja p répei na ebnai euabsjhth mino sthn
rop pou metaféretai api thn “trakto kai igi sthn jilbyh thn k  “myh pou mporeb na ufbstatai. Se
éna axoniki sOsthma, ipwc auti sto sq ma 1.1, to elastiki s;m a ePnai h Bdia h “traktoc.

H meétrhsh thc rop ¢ stréyhc tautigrona me thn métrhsh thc gwn iak ¢ taqOthtac peristrof ¢
eparkoOn gia ton prosdiorismi tou wfélimou érgou mi“c jermk ¢ mhgan ¢ enic hlektrikoO kinh-
tra. H metrhsh tou jliptikoO fortbou mi“c atr'ktou apodBde i to fortbo priwshc enic axonikoO
sust matoc plobou.

Sthn paroOsa Ergasthriak ‘Askhsh ja esti"soume thn prosoq  mac sthn exagwg twn orjo-
gwnbwn megej,n {stréyh}, {K'myh} kai {,sh} “xona mésw métrh shc epifaneiak,n epimhkOnse,n
tou.

Argik” ja jewr soume gnwstec tic ennoiec twn epifaneiak,n m egej,n {epim kunsh} , {pa-
ramirfwsh} kai {olbsjhsh} . O peiramatikic prosdiorismic touc ja apotelései to méson gia
thn anagwg tou sOnjetou fortBou thc atr’ktou stic orjog,ni  ec sunist,sec thc pou droOn se
mia egk’rsia diatom . Ja analOsoume thn entatik kai epimhlinsiak kat“stash thc epifaneDac tou
kulindrikoO elastikoO s matoc, h opoPa ja oloklhrwjeD me tm perigraf thc tegnik ¢ mejidou
mhkunsiométrhshc me epimhkunsiimetra epifanebac.



Sg ma 1.1: Geniki sqedio me iyh kai egk’rsia tom axonikoO sst matoc elikac metablhtoO b matoc

thc etairbacLIPS



VISV
L
[—4
l . Jaam |
R
| _@(ﬂj.
| . =l 1 g
AN 55 3
| 1T faan |
L | _QL»\§=5=¢J =1
: 1\ -
SN|E gal |
U HAEY
I 0ADdQ3, ¢
'

00ce=a

Sq ma 1.2: 'Oyh Prowst riac Egkat”stashc me axoniki sOsthm a enic edr"nou
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Sq ma 1.3: 'Oyh Prowst riac Egkat"stashc me axoniki sOsthm a dOo edr’nwn



Kef'laio 2

Metasghmatismic t"sewn stouc
kOriouc “xonec - KOkloc t"sewn
Culmann-Mohr

H epif'neia enic kataponoOmenou elastikoO exart matoc ufatai paramorf,seic. Oi paramorf -
seic autéc perigr-fontai akoloOjwc ekten c kai ex"getai h e ntatik kat“stash thc epifanePac enic
exart matoc, h opoba mésw thc statik ¢ ja mac odhg sei sta ofog,nia fortba. Sth suneqgeia ja
ex"goume tic sgéseic pou apodbdoun thn pl rh perigraf thc atatik ¢ kai mhkunsiak c kat"stashc
epifanebac gia opoiad pote katapinhsh.

K’je metasghmatismic sto g,ro pou perigrfetai api to sOsth  maf el; € ; e3g orDzetai api thn
sqgésh:

Sj Uy =Y, i) =1;2;3 (2.1)
U =nce, =nie+nye+nze (2.2)

H (2.2) perigrfei ta sunhmbtona dieQjunshc:

up = cogn;el); up=cogn, e?); up= coyng;e?)

Me thn (2.2) h (2.1) lamb"nei thn morf :

Sj nie =Y (2.3)

Gia k'je epif'neia deutérou bajmoQ, h opoba perigr-fetai ap to ginimeno thc arister ¢ pleu-
r’c thc (2.3) dOnatai na ektelesteD metasghmatismic suntagménwn stouc kOriouc “xonec upi thn
prodpijesh summetrbac tou tanust: S; = S; .



Orbzetai metasghmatismic kurbwn axinwn sto orjog,nio sOstmaf e'; €? ; €3g, itan ta stoigePa
tou tanust S giai 6 j mhdenbzontai. 'Estw éna epPpEdb to opobo orbzei thn epif'neia ipou
droOn apokleistik™ orjéc sunist sec t"sewn kai to opobo kal ebtaikOrio epPpedoTa sunhmbtona

dieOjunshc, ipwc perigr-fontai api thn (2.2), orBzoun to “n usmau,. To "nusma (K'jeto sto epbpedo
E 9 orbzetai:

2 l3
Sp Uy
Yp:spupzﬁ spugg
Sp u3

(2.4)

Exutiedo E

855

Sg ma 2.1: Metasghmatismic kurbwn t'sewng! = (1;0;0);e? = (0;1;0);e® = (0;0;1) monadiaPa
anOsmata kartesian,n suntetagménwn

Sthn eikina 2.1 sumbolbzoume ton tanust t"sewnS; , to monadiabo orji "nusmany sto epbpedo
E (orbzei thn dieOjunsh tou epipédou) kai to “nusma thc surteménhc t'shcY; we akoloOjwc:

2 3 2 3 2 .3
Suu Siz Sis ni Y,
Siizgszl S S 5 nk=gnﬁg; Yj=2szg
Ss1 Sz2 Sss ng Y3

J
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Api thn (2.1) prokOptei:

SpUp=Spup) (Sp ipSp)=0 (2.5)

H (2.5) apoteleb priblhma prosdiorismoO tou idiodianOsn@t S, me sunist, sec tic akraDec timéc
tou tanust  Sjp:

82 3 2 3 92 N 3

2 Sui1 Sz Si3 1 00 = b
Su Sz Smb %01 06s,_8nzb=o0 2.6)
S31 Sz Ss3 0 0 1 ! n3

p

To sOsthma (2.6) eéqei IOseic gia:

2 3
Su S Si2 Sis
Detg Sy So Sp So3 g =0 (27)
Sz1 Sz32 Ssz Sp

Prikeitai na metr soume epimhkOnseic epifanei,n, gi' autija anazht soume I0seic thc (2.7) se
dOo diastseic:

Det i Sp Sw =0 (2.8)
So1 S» S

Lamb™nontac up' iyh thn summetrba tou tanustS; = S lamb noume api thn (2.8) thn tetra-
gwnik morf :

S5 (Su+ S22)Sp+(S1uSe Si)=0 (2.9)

h opoba éqei tic IOseic:

q__
Sip = Suts (Su +4822)2 +S%4,=S, S (2.10)
S: = 3(S11 + S22)
1
S = $(Su S»)?+ S%, ¢

E™n sugkrbnoume th (2.9) me thn exBswsh tou kOklou, dhlad rnth

X X2+ Y?=R?) X?2 2XoX+Y?2+(X2 RH=0
0

me thn (2.9) prokOptei m¥o = 3(Si1 + Sp2) kai R? = 2(Su1 Sp)? + S, iti h tetragwnik
morf (2.9) perigrfei kOklo, o opoPoc orDzetai api thn exDash:

11



2
Si1+ S

S 2

+12= %1(511 S»)?+S%,) (S S:)?+t2=82 (2.11)
Sthn (2.11) oi anex’rthtec metablhtéc S kai t antiproswpeOoun tic efelkustikéc kai diatmhtikéc
t"seic sto sOsthma suntetagménwn tou kOklouS t (bl. eikina 2.2).
O metasghmatismic kurbwn axinwn (2.5) odhgeb ston orismicgkurbou epipedou me orji "nusma
Up, Sto opobo droOn apokleistik” orjéc t"seic, pou onom”zontai kOriec t"seic kai to epPpedo dr"shc
touc kOrio epPpedoH gwnbPa an"mesa sto orji "nusmau, kai sto epPpedd 1° sto opoPo
parathroOme tic t"seic S11, Sy» kai Si» upologbzetai se:

tan2 = ————— 2.12
Si1 S» ( )
me tic t"seic
( )
Suo S, S cos2 (2.13)
Sy
Spp = S sin2

Sy = 2(Su+ S); S = Z(Su S»)*+Sh .

)
T

Sq ma 2.2: KOkloc t"sewn Culmann-Mohr
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2.1 Gewmetrik exagwg sgeshc kurbac epim kunshc kai
olbsjhshc gia epbpedh entatik kat"stash kat™ thn
apokleistik axonosummetrik di"tmhsh

Sq ma 2.3: KateOjunsh kurBac epim kunshg kat™ thn apokleistik axonosummetrik di"tmhsh

H epif'neia dx; dx, sthn eikina 2.3 apoteleb apeirostiki stoigebo epifanebadraktou katapo-
nouménhc apokleistik™ me di'tmhsh. To stoigebo ebnai proatlismeéno me ton "xon"x; proc thn
dieOjunsh tou diam kouc “xona thc atr’ktou, étsi ste oi t’s  eic Si» na sunthroOn thn isorropPa me

thn rop pou epib’lletai sthn “trakto san exwteriki fortbo. Sthn eikina 2.3 gr'foume to phlbko
B
( dL = tan ) u 12
X1 2 = - = == 2.14
2 1 ) T 2 (2.14)

H epim kunsh ; = % thc diagwnboll ebnai:

p. G o
| = a 2= dx3+dx3=2acos - 22 =2a cos—cos—= + sin - sin 122
" # 4 2 4 2 4
| °2 L "2 . p
5 12
— = _ + — = _ + — = = + —
> a 5 1 5 a 5 1 5 ) I=a 2 1 5
P P
a 21+ a 2
1 = PP = 12 (2.15)
a 2 2

To apotélesma (2.14) dhl nei iti gia mikréc epimhkOnseic hygnba apiklishc api thn orj gia éna
apeirostiki, orjog,nio tm ma epifanebac dA = dx; dx, ebnai Bsh me thn epim kunsh thc diagwnbou
tou. H sunolik gwnba apiklishc api thn orj sunanttai sthn bibliografba kai san gwnba ,
ipou sOmfwna me ta parap’nw = 1,. H sqésh (2.14) apoteleD thn parastatik apideixh twn

13



sullogism,n tou kefalabou (3.2.2), ipou me to gewmetriki er galebo tou kOklouCulmann-Mohr
exgetai, iti se mPa kulindrik doki (p.q. elikofiro “trakt o ploPou) upi stréyh h kateOjunsh tou
epipédou kurbwn t"sewn (kai epimhkOnsewn) ePnai keklimupéthn gwnba twrd5° proc ton “xona
summetrbac thc (blépe sq ma 2.4). Gia k'je “llh, ep”llhlh ka tapinhsh sthn di"tmhsh (ipwc K"'myh,
asOmmetrh di"tmhsh kai ,sh) h gwnba apoklPnei api 46°, ipwc auti ex"getai me tic parathr seic
epb tou kOklowCulmann-Mohr. Sthn perBptwsh pou h “traktoc peristréfetai me stajer gwn iak
taqOthta ! kai h katapinhsh ePnai sOnjeth, h rop stréyhc apoteleD akbéc mégejoc minon san
arijmhtiki méso twn stigmiaBwn metrhmeénwn (api tic epimhkOnsgi¥ diatmhtik,n t"sewn S;, entic
peristrofc 2 . MPa perbptwsh sOnjethc katapinhshc diwst ra me sOjeto peflo ign,n epim kunshc
parathroOme sto sq ma 2.5.

Sq ma 2.4: 'lgnhKurbwn EpimhkOnsewn  strefimenou “xona

Sq ma 2.5: Pedbo ign,iKurbwn EpimhkOnsewn  diwst ra

Sth sunegeia ja anazht soume thn peiramatik mejodo gia thnakrib anagwg twn epifaneiak,n
epimhkOnsewn se t’seic isorropPac me ta exwterik™ fortba.
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Kef'laio 3

Metrhsh epifaneiak,n
epimhkOnsewn me
epimhkunsiimetra

3.1 Prosdiorismic mhkunsiak ¢ kat"stashc kai kateO-
junshc

Ta epimhkunsiimetra ebnai leptob hlektrikob agwgob (bl.f'kéo 5.1 kai 4.1), oi opoboi epikol-
loOmenoi ep'nw se kurtéc  koblec epif'neiec epimhkOnontaiurriknoOntai kurbwe se mba minon
dieOjunshkai étsi metab’letai h hlektrik touc antBstash. H métrhs t hc ePnai an’logh me thn zh-
toOmenh epim kunsh. Sth sunéqeia ja ex’goume api timéc naitstathc epim kunshc the epif'neiac
thn pl rh entatik thc kat"stash.

Oi epimhkOnseic mhganik,n exarthm™twn ePnai mikritere¢ 8o kai mporoOme na qrhsimopoi -
soume me ikanopoihtik akrbbeia to mégejoe I—O' diathr,ntac thn grammikithta twn exis,sewn.

H metroOmenh epim kunsh pou aisj netai éna epimhkunsiirneg¢pikollhméno se mia epif'neia
mporeb na perigrafeb proseggistik™ me

= + q - (31)

me » thn epim kunsh ligw thc surrbknwshc pou aisj netai to epimhkunsiimetro se orj gwnba
me ton “xona megisthc euaisjhsbac tou. O suntelest ¢ egk’rsac euaisjhsbaay ebnai to phibko twn
suntelest,n euaisjhsPac stic dOo orjog,niec kateujOnseic :

h i
1

_R
Ro o 2
1

q= <2 - :
k Ry
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Gia ton prosdiorismi thc mhkunsiak ¢ katstashc kai kateQj unshc ekteloOme metasghmatismi
kurbwn axinwn gia tic epimhkOnseic sOmfwna me to kef’laio Za megéjh orismoO tou kOklou
t"sewn antistoiqoOn éna proc éna ston kOklo epimhkOnsewne@metrik™ shmabnei auti, iti kai ta
kOria epPpeda t"sewn kai epimhkOnsewn sumpBptoun upi thdpjjesh iti isgOoun oi paradogéc
thc paragrifou 2. E'n griyoume thn (2.13) gia tic epimhkOnséc lambnontac thn éna proc éna
antistoigba twn irwn S; $ j kai Sy $ , prokOptei:

( )

no- + cos2 ; 12 = sin 2 (3.2)

22

AntikajistoOme tic orjog, niec epimhkOnseic 11, 2, kai 12 the (3.2) sthn (3.1) kai lamb noume:

=(1+qg ++(1 g cos2 (3.3)

LL Ewax = E 1|

Sq ma 3.1: KOkloc epimhkOnsewulmann-Mohr

Endebknutai na qrhsimopoi soume néa kateOjunsh 2-2' egiipet"sewn strammeénou upi gwnba
proc to epPpedo 1-1'. Auti ePnai anagkabPo stic peript,seiop h kateOjunsh  twn kurBwn t"sewn
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ePnai "gnwsth. Me metrhménec epimhkOnseikai 2, (metrhménec se aujabretec kateujOnseic upi
gwnb® = metaxO touc sOmfwna me ton kOklo thc eikinac 3.1) o kOkloc mpkOnsewn ebnai
orisménoc minon gia gnwst gwnba gia gnwst olbsjhsh  15.

Epeid oi olisjseic "12 den ebnai metr simec me mhkunsiimetra (ipwc shmei,samagiaw
aut™ metroOn mononodi“stath diafor™ m kouc metaxO dOo katisewn-afirtisthc kai fortisménhc),
ja greiastoOme mba trbth métrhsh mBac epim kunshc se povismpénh kateOjunsh sgetik me tic
“llec dOo. Me “lla ligia, h mhnkunsiak kat'stash orbzetai a pi dOo epimhkOnseig kai ", kai
mba olPsjhsH 1. Sunépeia autoO ebnai, iti greiazimaste trba megeéjh gia tiphrh perigraf
thc mhkunsiak ¢ kat’stashc thc epifanePac. Me treBc timécetrhménwn epimhkOnsewn se gnwstéc
kateujOnseic metaxO touc orDzoume pl rwe thn entatik katStash tou shmebou thc epifanePac pou
endiaferimaste. Me th bo jeia epipedometrik n parathr se wn ston kOklo twn epimhkOnsewn Kai
me thn bo jeia tou trigwnometrikoO ajrobsmatoc twn gwni,n2' kai 2 :

cos2 =cog2( + ) 2 ]=cos2( + )cos2 +sin2( + )sin2 (3.4)

kai me to ginimeno thc (3.4) me lamb“noume:

cos2 = cos2(' + )cos2 + sin2(" + )sin?2 (3.5)

Api ton kOklo twn epimhkOnsewn me thn (3.5) ex getai iti:

cos2( + )= (% %) 356)

kai

sin2( + )= 9% (3.7)

H (3.5) pabrnei thn parak™tw morf :

1 .
cos2 = E( 9, 9)cos2 + ppsin2 (3.8)

Antikajist,ntac thn (3.8) sthn (3.3) lamb noume thn sgésh g ia thn metroOmenh epim kunslse
aujaPreta orisménh kateOjunsh upi thn gwnb@ + ) wc proc to kOrio epPpedo:

1+ 1 , .
= 0+ W) T (L %)cos2 +2 Gsin 2] (3.9)

Gia na orDsoume thn mhkunsiak kat"stash kai kateOQjunsh plrwc ePnai anagkabec treBc metr seic
se treDc diaforetikéc gwnbecy, ' » kai' 3. Me thn (3.9) orbzetai grammiki sOsthma tri_n exis,sewn
me touc treBc agn,stouc 9;, I, kai 9,:

1+ 1 .
(= (0t W) T %)cos2 +2 Lsin2 Wi k=1;23 (3.10)
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EpilOontac to sOsthma (3.10) gia tic treBc epimhkOnsefg, 9, kai $, h mhkunsiak kat“stash
ePnai pl rwc orisménh kat™ to mégejoc kai thn kateOQjunsh' , + api thn (2.12) grammeénh gia tic
epimhkOnseic:

2 0
tan 2(' k + )= 525 k=1;23 (3.11)
11 22

Tic trebc timec thc epim kunshc metr"/me me thn bo jeia mhéiomeétrwn, ta opoba perieéqoun
trba dbktua diatetagmeéena se koini forea membr nhc polu@uoid ipwc fabnetai sthn eikina 5.3 sthn
par"grafo 5.1.

Me tic exis,seic isorropbac t"sewn thc epbpedhc entatik ¢ kt"stashc sthn epif'neia:

o _ _E

Sh == (h+ %)

S == (%t ) (3.12)
0 _ E 9

Stz =7

h entatik kat'stash sto shmebPo thc meétrhshc ebnai kat® mégec kai kateOjunsh apolOtwe
orisménh.

3.2 Paradebgmata

3.2.1 Streyh

Zhtebtai o kOkloc t'sewn gia katapinhsh stréyhc epiballime nhc ston diam kh “xona elastik ¢
dokoO kulindrik ¢ diatom c.

Orismic anOsmatoc kurDwn t'sewn Sp

Metasghmatismic kurbwn axinwn gia ton prosdiorismi twn kubwn t"sewnS; kai S; :

" #
Det o v
S, S

) S = Si2; S; = Si; S, = Spo

S? s%,=0

To idiodi"nusma kurbwn t"sewrs,

Sp = (313)

lamb™nei antBrropec timéc thc diatmhtik ¢ t"shcS;».
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Sq ma 3.2: Streéyh : DieOjunsh epipédou kurbwn t"sewn

Orismic kateOjunshc tou epipédou kurbwn t'sewn

H t'sh S;, dra sto epbpedo egk'rsiac diatom c kai isorropeb me thn exnk™ epiballimenh rop
T (bl.eikina 3.2):

) " #
Si1=S522=0 ) s = 0 S
Si12=5,160 ! Sy O

Api thn (2.12) prokOptei h gwnba kateOjunshc tou epipédou KDwn t"sewn

2SS, 28
tan2 = ——= = 251 —
Si1 S» 0
2 = tan 11
2 = (2k+1), k2N (3.14)

Kataskeu kOklou t"sewn
O kOkloc t"sewn (2.11) orbzetai api trba shmeba (bl. eikina®):
1o shmebo: orbzei thn jésh tou kéntrou ston "xon8 meS, =0.

20 shmebo: orbzetai api thn meégisth tim tou idiodianOsroatdhlad api thn kOria t'sh
S; = Si2 epb tou “xonas.

30 shmebo: orbzetai api thn el’gisth tim tou idiodianOsnwt, dhlad api thn kOria t"sh
S, = Sy epb tou “xon&és
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Sq ma 3.3: Tixo efaptoménhc2

Sq ma 3.4: KOkloc t"sewn

3.2.2 DiereOnhsh kateujOnsewn mhkunsiométrhshc
Streyh

Epidr® apokleistik™ fortbo streyhc T
(3.2):

fT1;0;09. Oi kOriec epimhkOnseic ePnai sOmfwna me thn

«C )

oo + + Ccos2 ; 12 sin 2 ; 2 = —
2 2

EpimhkOnseic. kai  api thn (2.13): Perbptwsh | : Prosanatolismic stoigePou epfaneDad
axonikic:

20



Sq ma 3.5: Streyh : KOriec kateujOnseic

1
+ = — + =
2( 11+ 22)=0

[%( o 2E= 1

Perbptwsh Il : Prosanatolismic stoigePou epifaneba¢ upi gwnbay :

1
T 5 Nt %)=0
1 1
= [Z( (1)1 (2)2)]2= 81: 82

Sthn epif'neia thc atr'ktou thc eikinac (3.5) minon oi epimhkOnseic ¢ ePnai metr simec kai auti
ebnai dunatin mino sthn perBptwsh I, kaj' iti sthn perDptwa | droOn apokleistik™ olisj seic
oi opobec den metroOntai me epimhkunsiimetra epifanefath\(3.3) lamb noume:

=(1+0g ++@ g cos2 = (1 9 $) glzm

3.2.3 Efelkusmic - JIbyh

Zhtebtai o kOkloc t"sewn gia katapinhsh efelkusmoO epiballimenou ston diam kh “xona elastik ¢
atr’ktou.
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Orismic tanust kurbwn t"sewn Sy

Metasghmatismic kurbwn axinwn:

" #
pet o S 0 = S S%2=0
0 S
M=
S S
) S = s 2y $=S515;$=0
2 . 2 7,

Sy 0
S, = Det 3.15
p — (3.15)

Sq ma 3.6: Efelkusmic : KOriec kateujOnseic

Minon mba kOria t"sh dra sthn kateOjunsh tou fortbouF kai lamb™nei thn tim Sy = ’Aio' ipou
Ao h epif'neia diatom c.

Kataskeu kOklou t"sewn
Trba shmeDa tou kOklou t"sewn orbzontai we ex ¢ (bl. eikina7 :

1o shmebo: suntetagménh tou kentr@s = S%

20 shmebo: shmebo epb tou kOklou me suntetagménh thn rigkofisth tou tanust , thn tim
thc kurbac t"shc S; = Siq

30 shmebo: orbzetai api thn el qisth idiotimS, = 0

Sto epBpedo upi thn gwnba= ; epidr” o tanust c:

L
|
N|Lf’ N|g)
N|Lf’ I\J|
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Sq ma 3.7: Efelkusmic : KOkloc t"sewn

3.2.4 Efelkusmic - K"'myh

Zhtebtai o kOkloc epimhkOnsewn gia tic peript,seidl kai IV
Api thn (3.12) lamb™noume mé&;, =0 :

Sz = (a2t 1)=0) 2= u

E
) Su = ﬁ(“ u)=E n

Antikajist,ntac sthn (2.13) tic t"seic gia thn epPpedh enta tik kat'stash api thn (3.12) lam-
b noume tic sgéseic twn t"sewn kai epimhkOnsewn:

1 E S, 1
= — + = = — +
S 51 (2t 22) 0 E + 2( n+ 22)
E 1 z S 1 t
_ 2, 2 _ 2, 2
S—1+ 1(11 2)°+ 1o 0 = = Z(ll 2)°+ 1

=
+

Sth sunégeia upologbzoume tic suntetagméneckai

kai orbzoume étsi ton entatiki kOklo gia
tic peript,seic 1l kai IV thc eikinac 3.8:

1 2 1
S, =ZE 11; S = Z(E 0)?+02 ZE
+ = 5 E o 4( 11 0) SEu
_ S, _ %E 11_1
+ = = = 11
T T 2
_ S _ %E 11_l+
T E T TE T Tu
T+ T+
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Sq ma 3.8: Efelkusmic - K’'myh : KOkloc t"sewn

Gia thn olbsjhsh 1, lamb™noume api thn (3.2):

« )
i2 = sin 2 0 1+
— _) 12 — - 2 11
-z

O kOkloc epimhkOnsewn gia tic peript,seidll kai IV thc eikinac 3.9 perigr-fetai parak™tw api
tic akiloujec suntetagmenec tou kéntrou . kai

1 1+
1= + * = > 11+ > 1= 11
1 1+
2= + = > 11 2 1 = 11

Api thn (3.2) ex"goume:

0 1+
1= ++ C0S5 = 4= ——u
0 _ _ _ 1+
22 = + COSE = + = 2 11
1+
0 _ - _
= sin= =
12 2 11

O metasghmatismic kurbwn t'sewn pou perigrfei h (2.5) isqéi gia ta epPpeda 1,2 2,3 3,1.
Antikajist, ntac kuklik” touc deBktec i kai p sthn (2.5) ex"goume treBc kOklouc t"sewn gia ta trDa
epPpeda pou orbzoun ta monadiaba dianOsmatakai r3. Stic eikinec 3.10 kai 3.11 oi t"seic 1,

», 3 kai antistoiqoOn stic t"seic S;, S, kai S Kai t.
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Sq ma 3.9: Efelkusmic - K’'myh : KOkloc epimhkOnsewn
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Sq ma 3.10: Probol twn entatik,n kOklwn sta trba epPpeda

Sq ma 3.11: Apeikinish twn tri,n entatik,n kOklwn se éna di" gramma
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Kef'laio 4

Meétrhsh epimhkOnsewn me
epimhkunsiimetra

4.1 Sunj kh metafor"c epim kunshc - hlektrik ¢ antb-
stashc

Gia thn metrhsh epimhkOnsewn gBnetai gr sh tou fainomeénetabol ¢ thc antbstashc metallikoO
hmiag,gimou ulikoO me kOria par"metro epirro ¢ thn allag thc morf ¢ tou. To fainimeno auti égei
perigrafeb sto m“jhma {Ergast rio Nautik c Mhganologbac | }, Ergasthriak ‘Askhsh:  Meétrhsh
Fusik,n Megej,n, Métrhsh Jermokrasbac, PBeshc, Roc me kwdiki ENM I-Al. H sumperifor®
tou agwgoO ( hmiagwgoO) (bl. shmei seic exDswsh 5.6) pefifetai api:

s kO k() ki) = T 1,
W % 1+2
ko (") = % 7(1 2 2 4.1)

En, gia hmiag,gima ulik” h k; kubern” thn epirro thc allag ¢ morf ¢ tou ulikoO (epim kun  sh)
epb thc hlektrik ¢ antbstashc, gia metallik”™ ulik™ kuriarq eb tk,. H k, ebnai exarthmenh api ton
suntelest surrbknwshc , o opoboc ebnai stajeric gia elastikec paramorf,seic kai thn epim kunsh
" emfanbzetai sto tetr"gwno tou paronomast , opite san mikri mégejoc h epirro thc ebnai amelhtea.
'Etsi gia = 0:3 mek; 04 kai k,  1:6 égoume thn exbBswsh metafor"c thc epim kunshc se
hlektrik antbstash me k= k; + ko 2:

— =k " (4.2)
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4.2 Gefura WHEATSTONE

Mikréc allagéc hlektrik ¢ antBstashc  pt,shc t'shc metroO  ntai me to kOklwma thc géfuracw-

HEATSTONE (bl. eikina 4.1).

Sq ma 4.1: GeéfuraWHEATSTONE

Efarmizontac touc nimouc twn Kirchho kai Ohm sto kOklwma thc eikinac 4.1 katal goume

sOntoma sthn exPswsh twn t"sewn:

UB R:L R4

- = + 43

Ux Ri+ Ry Rz + Ry ( )
Me stoiqgei,dh b mata upologbzoume to apiluto diaforiki tou ligou twn t"sewn d 8—: kai

pern"me se peperasména megégh b’—: ! b’—: katal gontac sthn jemeli,dh exbswsh tou

mhganismoO leitourgbac thc géfurac:

s .1 R Re, Rs R (4.4)

U« 4 Ry R, Rs3 R,

Me thn (4.2) lamb”™noume api thn (4.4) :
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U k
o= e+ s )=

U (o (4.5)

H (4.5) ebnai h jemeli,dhc exDswsh tou mhganismoO leitoam@c géfurac WHEATSTONE . H
arister pleur” thc onom™zetai apiklish api thn isorropba dhl nontac thn idiithta thc gefurac na
isorropeD, itan oi antist”seic ePnai ilec Bsec, prigma poutemabnei, iti h pt,sh t"shc Ug ebnai mhden.
Mikréc apokIBseic thc t"xhc merik,n dek’dwnm  prokaloOn apiklish thc géfurac me apotélesma
na réei reOma stouc kl"douc kai na prokaleb pt sh t'shc sta dl» “kra absjhshc tou s matoc
Ug. To métro apiklishc thc géfurac api thn isorropba thc ebnai adi"stato kai gi* auti epiléximo
an’loga me thn efarmog thc. ‘Allote ebnai bolikitero to gew metriki mégejoc -+, en, to megejoc
% apodbdei pii pist” thn apiklish thc géfurac api thn isorropD a thc. Ta dOo megéjh métrhshc

ebnai fusik” sundedeména mesw thc (4.2).
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Kef'laio 5

Epimhkunsiimetra epifanebac

5.1 EBdh epimhkunsiométrwn

E - abgedecktes Messgitter

DMS-Typen: FAE, FSE

Die am meisten verwendete Option. Ein 0,025 mm dik-
ker Polyimidfilm deckt den ganzen DMS ab. Nur der
zum Anléten der Anschlussdréhte nétige Bereich bleibt
frei. BLH empfiehlt abgedeckte Messgitter, da die Ab-
deckung das Messgitter vor Schmutz und Fingerab-
druicken wéhrend der Applikation schitzt.

E - Encapsulation only

Gage types: FAE, FSE

The most popular option. This option consists of a 0.025
mm layer of polyimide film that covers all of the gage
except that portion of the tab necessary for lead attach-
ment. The polyimide overlay provides protection of the
sensing element during installation handling, and pro-
motes better long term stability with the foil grid protec-
ted from airborne contaminants or fingerprints.

Sq ma 5.1: Metalliki epimhkunsiimetro eurebac gr shc prostateuméno me membr'nh poludmidbou se
fusiki megejoc

Sqg ma 5.2: Epimhkunsiimetro api hmiag,gimo uliki
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Sq ma 5.3: Metalliki epimhkunsiimetro tri,n dieujOnsewn ( 0° 45° 9(°)
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FAE-Serie

FAE Series

DMS-Modell Gage Pattern jAbmessungen in mm Dimensions in mm
Gitter- Gesamt- | Gitter- Matrix R-Ohm | Bild [Typen- Optionen
lange (a) | lange (b) | breite (c) | L (d) B(e) I. bezeichnung
Grid Overall | Grid Matrix Size R-Ohms | Fig. |Designation Options
Length Length Width L(d) W (e) EIEIEIE
@) (b) © ElL|s|c|L|s|T|P
12,70 17,78 6,35 23,06 9,40 120 1 |FAE-50-12-SX  [i1{1 | i]i1]I
12,70 17,78 6,35 23,06 9,40 350 1 |FAE-50-35-SX  [i{1} 1[I
8,56 13,21 4,93 20,32 12,07 120 2 |FAE-37-12-SX |1 {1 1
9,27 13,34 4,83 18,64 9,27 350 2 |FAE-37-35-SX  [i {1 1
6,35 8,89 3,18 13,92 6,35 120 3 |FAE-25-12-SX e
6,35 8,89 3,18 13,92 6,35 350 3 |FAE-25-35-SX  [i{ 1| [t
4,76 6,60 2,41 11,79 6,22 120 4 |FAE-18-12-SX  [i {1 1
4,45 7,37 2,03 13,00 12,95 350 4 |FAE-18-35-SX  [i {1 1
3,18 4,57 1,65 8,99 4,45 120 5 |FAE-12-12-SX  [i{! 1
3,18 4,57 1,57 9,12 4,57 350 5 |FAE-12-35-SX [N i
1,57 2,54 1,27 7,06 4,57 120 6 |FAE-06-12-SX I I |
1,57 279 1,52 7,34 4,57 350 6 |FAE-06-35-SX I I |
1,27 2,54 1,02 7,06 3,81 120 7 |FAE-05-12-SX [l [ |
0,79 1,78 1,27 6,17 4,57 120 8 |FAE-03-12-SX [ [ |
6,35 9,65 6,35 15,85 13,46 120 9 |FAE-25S-12-SX i {1 1
6,35 8,89 6,35 13,94 9,27 350 9 |FAE-25S-35-SX i {1 1
4,11 6,48 4,57 13,72 11,81 120 10 |FAE-18S-12-SX |[i{! 1
4,70 7,29 521 13,56 13,08 350 10 |[FAE-18S-35-SX |[i{1 1
3,10 4,38 3,18 9,25 6,10 120 11 |FAE-12S-12-SX [i{ 1| 1|11
3,18 4,38 3,18 9,53 6,10 350 11 |FAE-12S-35-SX [i{ 1| 1|11
1,57 3,30 1,57 7,82 4,57 120 12 |FAE-06S-12-SX |i{ 1| 1[i 11
1,57 3,30 1,57 7,82 4,57 350 12 [FAE-06S-35-SX i {1} i{i1]I
0,79 1,78 0,79 6,32 4,57 120 13 |FAE-03S-12-SX |1 {1 1
3,18 711 4,60 12,95 12,57 120 15 |FAE-12W-12-SX | {1 i
3,18 711 4,60 12,95 12,57 350 15 |[FAE-12W-35-SX |[i {1 1
1,52 3,68 3,23 8,38 8,89 120 16 |FAE-06W-12-SX |1 {1 1
157 3,43 3,18 8159 7,85 350 16 |FAE-06W-35-SX |1 |1 1
0,79 1,90 1,57 6,83 3,56 120 18 |FAE-03W-12-SX |i {1 1
0,79 1,90 1,57 6,83 3,86 350 18 |FAE-03W-35-SX |I |
0,51 1,65 1,02 4,83 2,79 350 19 |FAE-02W-35-SX |
0,38 1,14 0,76 3,05 1,78 120 20 |FAE-01W-12-SX |[i |
6,35 711 711 12,57 18,52 120 21 |FAE-25G-12-SX ||| (1Nl
6,35 6,86 77 il 12,70 18,03 350 21 |FAE-25G-35-SX |1 {1 1l
3,23 3,56 3,30 9,63 €l 120 22 |FAE-12G-12-SX |1 {1 1l
3,18 3,30 3,30 10,41 13,08 350 22 |FAE-12G-35-SX |1 {1 Il
1,57 1,78 1,78 4,57 6,86 120 23 |FAE-06G-12-SX |1 {1 1Nl
1,57 1,65 .58 572 8,26 350 23 |FAE-06G-35-SX |[i {1 1l
0,97 1,09 2,28 3,20 6,10 350 — |FAE-03G-35-SX |1 {1 1
0,79 0,81 0,94 3,56 4,83 120 24 |FAE-03G-12-SX |1 {1 1
0,38 0,43 0,74 3,91 4,29 120 25 |FAE-01G-12-SX |1 {1 I
* in doppelter Effektivgrosse
12 * twice actual size

Sq ma 5.4: PPnakac epilog ¢ epimhkunsiometrwn
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5.2

Diagrmmata idiot twn

Sq ma 5.5: EndeiknOmenh epim kunsh exarthmeénh api thn @oasba

Strain Gage Fatigue Life

Group 1 Group 3 Group 5
FAP FAE DLB-PT
Group 2 Group 4

FAB FSM

FSE

Sq ma 5.6: Qarakthristik kampOlh kipwshc epimhkunsiométwn
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Sq ma 5.7: Qarakthristikéc kampOlec idiot twn epimhkunsimeétrwn hmiagwg,gimwn ulik n
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Sqg ma 5.8: Epimhkunsiimetra hmiag,gimwn ulik, n
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Kef'laio 6

Diegersh gefurac kai sullog
dedomenwn me to irgano Campbell
- CR23X Datalogger

6.1 Apispasma api to egqgeirbdio leitourgbac kai pri-
gramma metr sewn me géfurec WHEATSTONE
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Sqg ma 6.1: Campbell - CR23X Datalogger
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Sq ma 6.2: Campbell - CR23X Datalogger
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Sg ma 6.3: Campbell - CR23X Datalogger
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Sg ma 6.4: Campbell - CR23X Datalogger
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Sq ma 6.5: Campbell - CR23X Datalogger
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Sq ma 6.6: Campbell - CR23X Datalogger
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Sg ma 6.7: Campbell - CR23X Datalogger
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Sq ma 6.8: Campbell - CR23X Datalogger
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