                                  Ηλοι

Άσκηση 1

                [image: image1.png]“Hlwon ué 6umAf dpuorailinipa watanovelitar -
nwe oté oxfina:

atvovtar té otouxela:

TAPEEGHEVO POPTLO. . ... P =12000 Kp

2. Téxog EAGOUATOV.......e.. 5 =10mm

3. Mdxoc &puowahuntoBy Si=S: = 6mm
4. adueTpoc GLanopewévoy fou di =17mm

5. ApLsuse firwy

6. "AoLSuse oELEEY AAev

7. YALé st34.N& AneSe

“EnLtoenduevn Tdon E9EANVONOD O = 1100Kp/cr
‘Entoenduevn tdon buatificeas T = 900Kp/cm®

Znteitar & EXevxog ThE xatarAnAbTnrag Tov fi-
Aov.





Λύση 1

1. Ελεγχος σε διατμηση
Η πιο πάνω ηλωση είναι διπλής τομης (αριθμός τομών ήλου m =2) και έχει δύο σειρές παραλ​λήλων ηλων.

Το φορτίο Ρ μεταφέρεται από το ένα έλασμα στίς αρμοκαλύπτρες με 4 ήλους (Z=4) και από τις άρμοκαλύπτρες στο άλλο έλασμα με τους άλλους 4 ήλους οπότε ισορροπεί με το απέναντι φορτίο Ρ.

  Με την προϋπόθεση της ισης κατανομής του φορ​τίου στους ήλους, ο κάθε ήλος δέχεται φορτίο:

F = P/Z = 12000/4 = 3000Κρ

Η διατομή του ήλου ειναι: A=π d12/4=2,27 cm2
Κάθε ηλος καταπονείται με δύο διατομέs, οπότε ή συνολική επιφάνεια καταπονήσεως κάθε ήλου είναι:

             Σ A =2. A =2.2,27=4,54 cm2
Η τάση διατμήσεως είναι:  τ   = F/ Σ A=3000Κρ/4,54 cm2 
                             τ =660 Κρ/cm2 < 900 Κρ/cm2

Το ίδιο αποτέλεσμα προκύπτει από τη σχέση A = Ζ m (πd12/4)                                               πού αναφέρθηκε στη σελιδα    .

τ   = F/ A =F/ Ζ m (πd12/4) =
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2. Ελεγχος σε συνθλιψη αντυγας

Η επιφανειακη πιεση στην αντυγα των συνδεομενων ελασματων είναι

          σ
[image: image3.wmf]l

=
[image: image4.wmf]S

Zd

P

1

=
[image: image5.wmf]1765

1

.

7

,

1

.

4

12000

=

cm

cm

kp

 Κρ/cm2
H σ
[image: image6.wmf]ep

l

= επιτρεπoμeνη πίεση συνθλίψεως της άντυγας λαμβανεται  ως

                        σ
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= 2.σ επ =2.1100 Κρ/cm2=2200 Κρ/cm2
Αφου σ
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 υπαρχει εξασφαλιση απο συνθλιψη αντυγας

Η επιφανειακη πιεση σε κάθε αρμοκαλύπτρα είναι

σ
[image: image10.wmf]l

1=
[image: image11.wmf]1470

6

,

0

.

7

,

1

.

4

2

/

12000

2

/

1

1

=

=

cm

cm

kp

S

Zd

P

 Κρ/cm2< σ
[image: image12.wmf]l

< σ
[image: image13.wmf]ep

l


Άσκηση 2
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Άσκηση 3
Ένας χαλύβδινος συζευκτήρας φέρει εφελκυστική δύναμη Ρ=100ΚΝ μέσω αριθμού ήλων διαμέτρου d=1cm . Το υλικό των ήλων είναι St40 και του ελάσματος St36, με ενιαίο συντελεστή ασφαλείας S = 4. Να υπολογισθεί ο απαιτούμενος αριθμός ήλων, z , καθώς και τα πάχη των ελασμάτων t, tl & t2 αν το πλάτος τον ελάσματος είναι b=10cm. Να ληφθεί υπ' όψιν και η αναπτυσσόμενη τάση σύνθλιψης άντυγας, σπφ.,αν σ
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Καταπόνηση δίτμητου ήλου με ταυτόχρονη καταπόνηση των ελασμάτων

Λυση

1. Καταπονηση ηλων

σεπ=σzθρ/S= 40/4 kp/mm2=10 kp/mm2=10kN/cm2
τεπ = 0,8.σεπ = 8 kN/cm2
Οι ηλοι είναι διτμητοι επομενως  m= 2

τεπ
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 Z = 8 ηλους

2. Καταπονηση ελασματος σε εφελκυσμο

σεπ/ελασμ=σzθρ/S= 36/4 kp/mm2=9 kp/mm2=9 kN/cm2
σεφελκυσμου/ελασμ= P/Aκαθαρη=
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2. Σύνθλιψη άντυγας στο έλασμα Π1

σ
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Eπιλέγω το μεγαλύτερο πάχος  t 
[image: image31.wmf]»

14mm
     και  επειδή τα ελάσματα Π2 και Π3 δέχονται φορτίο P/2  έκαστο 
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               t1 = t2 = t/2 = 7mm

 Άσκηση 4.

              [image: image33.png]Ztov pogéa Tov ayuatog T15-1 a6 vhud St37 va ehezfovv oe avioyr xa dia-
otasohoyud oL k6oL A %t B. O VTOAOYIOHGS VAL YiveL i TV TeQlroan
ooTions HZ, 610 Aeufivovial uToym oL «UQLES #ai 0L TQOOBETeS GOQTiTes.

OL duvaers oTig ApSOUS eivar:
U, = +72000N D, = ~43600N
D, = +80800N 0, = ~174000N 0, = —160000N

2L asasxs 2Lasdsxs

TR
La0xa0s
1

o Pegelfetett—-u
2

T T g0 3 avwierud thaoua
—askmm g S T

2L100x65x9

soubotione
R

o

\ 2Lisxasxs

Syina [15-1, 90pécs i nhootés ouvéoess. Koufos A xa B.




           [image: image34.png]Aven
1. Zivdeon ouv

1 ido epekruood U,

— H dvvaun eqelxvapol tov 154000 N, Toguhaufaverat ard 6 quvohurd
Thovs a6 Toug omtolovg oL n, = 2 eivar SuThiic Tomn (m, = 2) xat o n, = 4
arhig oy (m, = 1).

H 8117005 T 0T OV iAoV Elvaw d; = 15 mm, n Suatop] T0v ToodeTIE-
vou tikov A = 177 mm? (wivaas 5-1)

H taon dudmmong 7, 0c eive (o7éon 5.4)

F u, 154000
= = - = 109 Njmm?
fa= TEmmaty GO A G Dt

AN Ttivana 5-4 eivat T, = 160 Nfmm? > 7, = 109 Njmm?
~ H o 0vBhuymg (micom emavetas) o Oa eivan (o760 5.5):

257 Njmm?

77000 N. T Siivapn U, Tagaapfavouy xatd 172 70 #op-

ot Moy za 21 70 G310 1/2 T0 oVETIG Elaoua
viaxd.

T a6 e yo-

Q¢ o5 ehdouatog t Aapdvera 1o adxos 10 mm Tov zouBoEAd-
ojaTog 70V Elvat UiQ0TEQO (T T dBlgotoua TV Ty
Vv (6 + 6 = 12 mm)

v o0 Y-

16T 10 royBoghaca wTigyowY 2 ot
AT6 ivona 5-4 haupavouue g = 360 N/mm? > o, = 257 N/mm?

70 GUVSETIG EAAONA #AT QT T TRENOS TOU YUMIKEHOD 1 Tdon oovEhuyms
eiva [LQETEQN %Ol SEV ATTLTELTAL EAEYLOS.

~ H Suatop T0v yoviaos LEOX60X6 diveTar o iveres av sivat:
S =691 mm?
AT6 Ty 0701 Tow A0V 1 StarTolt] Tov YeviaxoD eZaoBevitel xatd 6x15 = 90 mm?
H opéhy outov duatop elva:
S, = 691 — 90 = 601 mm?




          [image: image35.png]Aga 1 1hon egERXVONOD eival Yia 2 Yoviard (0xEon 5.7):
U, _ 154000
S, 2-600
A6 ivana 5-6 happavoupe o, = 180 N/mm? > ¢ = 128,1 N/mm?

= 128,1 N/mm?

2. Zbvoeon ot ddo epekeuonos U,
Enewdni U, > U, 6uog xaé ta howtd éxovpe (dieg ouvbies, dev anauteizat
vohoyops,
3. Tovbean o duayévia odBdo Briyng D,
‘Exoupe d; =13 mm xat A = 133 mm? (rivasag 5-1)

S =430 mm? ir L45x45%5

Ourartaroviioes enojiéves Ba elvau:

D 43600 i
32133 = SLINMM? <7, = 160 Nimm? (nivackas 5-4)

43¢
2- 7,;@1“ = 167,7 Nfmm? < 0, = 360 N/mm? (rtivasag 54)

43C00PN 50,7 N/mm? < 6, = 160 N/mm? (tivasog 5-6)

2-5 7 2-430
H afSog D, moémet v eheyyei i héov xar o€ Myiopo.

4. Tivean ot Slayvia iBSo egekxvouoy D,
H urtow eiva ibia e T 0Bdov D, 6us Ay eqeknvouod AauBaverar
VoYM 1 €5a0DEVLON TOV TIQOEQKETA G TG OTES TOV TAOV L Eiva:

2-t-d; =2-5-13 = 130 mm?

Qéhyn Satow S,
S, = whiorc datopi S — egaobévion = 2 - 430 — 130 = 730 mm?
Ou xartamovioes enopévas Oa sivat:

80800 2 5
Ta 13 = 152 Nimm? < 1., = 160 N/mm
80800 ¥
=213 10 = 311 Nmm? < o4, = 360 Nfmm?

=110,7 Nfmm? < g, = 160 N/mm?





          [image: image36.png]5. Zovdeon otis Gve eaBdovg Bhiyng O, xai O,
OLvo koL e d; = 15 mm TV v B0 AATATOVOUVTAL A6 Tig BMLTTURES BU-
vépets D, = 43600 N xau  Suarogd O, — O, = 174000 — 160000 = 14000 N.

H 0UVIoTaéVn Tov 850 autiv Suvipeny eiva
P = V/14000 + 43600 = 45790 N

©a Egoupe emopévos;
B 45790

L aalme, o = 3

ST A = 72177 = 647 NImm? <7, = 160 Njmm
B 45790

%= g T 7 15 10 = 19M6 Nmm? < 07cr = 360 Njmm?

H Statopr Tov ywviaot 100x65X9 eivau § = 1420 mm?

Aoa, n Tdon BRPNS Yia 2 YoV B eivat

O, _ 174000
= JHO000 1 2 yfmm?
0= 35 = 3 1420 = 613NMmM? < o, = 160 Njmm

Eni Théov eivar anagaimitog évag Eheyyog ae huyiopo.
6. ATOOTAOELS (16 TaL (Qa %L PETAED 0DV

A6 mivaka 52 éyoupe:

— ATOOTG0ELS GO T CoKQa KAt T SuEvBLvOT TS Sivapng = 12 d
Tl d; = 15 mm 6a eivas ehicgiom axdotaon 18 mm

T d,
— ATOOTG08S a0 T dQa #ABeTa 71005 T SiEvBLVOT TS Sivapg = 12 d,

1

13 mm 0c eivas ehdyioT andotaon 16 mm

Tt d, = 15 mm Ba eivar ehixiom wrbotaon 18 mm
Ta d, = 13 mm Ba eivar ehdyiom andotaon 16 mm
~ ATOOTAOR 0T peTaEs Tovs = 3 d,

Tur d = 15 mm B eivar ehdyiom™) wr6oTaon 45 mm
Tt d, = 13 mm 6a eivas ehigiom andotaon 39 mm

AT6 10 Oyrinet I15-1 TQOXUATEL GTL OL ATTOOTAGELS EivaL PWEGTL OTCL ETTQETOE-
va 6gua. ETOTIC 06 TOV Tivauea 5-3 TQOAIITTEL OTL #atl OL GAALTOVHEVES G0~
otdoeic W ézouv rone.



 

Άσκηση 5.
              [image: image37.png]210 07iuct T15-2 0 chug0TQOYOS UVDEETAL 1160w TV e T GAGVTLa ev0g Ou-
JTkéxen, T100g Metagood eivan uic evakAaGaoyEvn Qo7m oToEyMS 800000 Nmm.
Ziteirar o €key(0g TS 0UvOEOTE.

i I15-2. Hionj ovvdeon ahuootoozov we i qhdvita owumhéenn,

» At
~ Megupegeianni Sovayn F, 0tov winho ovvbeons Tov fkwv:
ﬂ 2 - 800000

F, == 0 13333N

— Taon Suitumong

Eetsii 1 Qo petagégeTau b Tov akvooteoyd xat’ euliay 0to uuhéxT
XQIS T CVMKETO T TARVIS, GT0S BerveL xau 1) Qo g SBvapT 0T oy
a1 OBvSeon eiva juag Tojs (m = 1).

Me n = 6 tihot, Suaoui Tou ToroBeTpévou fikou A = 32,2 mm? xat Sovaun
goQuiong F = F,, 1 don Suérumons 7, 0c eivas (oyéon 5.4):

= 69 N/mm? < 7., = 85 Nfmm (xivaceag 5-5).





              [image: image38.png]BT NGUVNTG, Do XETN 200

To €haoua TxoU t = 4 M T GAAVIZAS TOV CUWTAERT EivaL TO AETTOTEQO
Tej/10 TS GUVSEOMS (1 TQOGBLOQLOTLAO YLt TOV VTOROYLOUG:

~ 87 Nfmm? < 0, = 170 N/mm? (rivorag 5-5)

H GUVBE0T ETONEVOS QVTEZEL OE HaTamévnon Sueurons e oovehupns




[image: image39.png]napaﬁsly{ya 3- ,Na UHOAOV}OTSI 10 PEVIOTO EQENKVOTIKO QopTio Py
nov prnopoVv va @épowv ta eddopara (I7;) kai (I1,), av n S1dpetpog KABe
nAov sfval d=2cm Kai n emtpanépsvn £QENKLOTIKN Tdon yid T0 LAIKG TOUL

elvai a =100 MPa = 1000 N/ cm §




[image: image40.png]Na vnodoyiotei eniong 10 eAdxi0T0 NAXOG ¢,,;, MOV MPEMEl VA €XOLV A
ehdopara, av n emtpendpevn tdon ovvBAiyng eivar oL’ = 12000 N/cm?2.

7 -
R

Zx.a

O1 ndor kararovovvral g€ Sidtunon, otnv Kpion Slatoun u-v o MpeIog Kal otn
u'-v' o 8ebtepog. H emipenduevn Siatuntikn tdon tov nAwv, eival nepinov

7,,=0.80,,=0.8x10000 = 7, =8000 N/cm?
To epBabdv g Siatoung tov kdBe NMov, eival

podal gttt id L A it
1 4

H ovvodika avBiorduevn Siarouni otn Sidiunon, ensibn o1 ndor eivar 8%o (n=2),
eivar 2F. a va ikavonoleitar n ovvBrikn avroxig, npéner:

P
TSTSH = ﬁg Tl;‘ﬂ = P£2F‘csn (1)
Ztm oxéon (1) @aiveral, éu n péyiotn upn nov pnopei va AdBer n P (6nAadn n P,,,,),
npokomtel 6tav n (1) 1oxbel pévo cav eiowon, ondte Bpiokovpe:

P,0c=2F1, =2x1 cm?x8000 N/cm?> = P, =503 KN

Katd v xatanévnon oe nieon emgaveiag tov ehacpdiov (rdon ovvBAmpng
dvruyag), n avantvooopevn tdon @ eivar: 0, =P/ntd=P/2td.

Hop, OumS via AGYoLG avtoXng, MPENE] va 1IKAvorolel Tn oxéon:

ne
o <0 = > —
ng en 2td en 2d a;(zp 2)

Ané mv efiowon (2) eaiverar 61, n eddxiotn Tipd tov ¢ (Sndadn ¢, . ), npoklmtel av

n oxéon (2) 10xVel povo oav e€iowon, ondte Bpiokouvpe:

: P 50.3-10° N s e
e = n = 1.05 cm 3)
"™ 2d¢™ 22 cmx 12000 N/cm? e

ET

min

Extég and ug nepimtcdoeig Sidtunong nov nén avaAdoape, avantio-
oovial SlatuntkéS Ttdoelg omng ovykoAAnoelg KaAOdG eniong, oe pia
kapmépevn 60k6 (OINV yevikd Kdpwn ToL ovvundpxel Kal Tépvovod
SVvapn), onwg Ba efetdoovpe avanvtkd oto Kepddaio tng Kduyng.

Alatunuikég  1doeig eniong avantdooovial Kal oty Mepi®on piag
nePIoTPEPOPEVNG atpdktov, onwg Ba Sodpe oto Kepdhaio tng Zipéyng.




Ασκηση 6

[image: image41.png]5.10- Abo xaniB6va eddopata and St 36 cvvdéovtal pe 4 HOVOTUNTOLG
fAtovg ané LAIKS pe 7., =100 MN/m? (£x.5.7). Na vnodoyiotei n 8idpetpog
0OV KM@V, NPoKelpévou ta eddopata va e@edkvovtal pe Sdvapn P =100
KN. Na yivel édeyxog oe oOvBAipn g dutuyag ondv, av n emipendpevn
tdon oe nfeon empaveiag tov St 36 ivar g, =150 MN/m?,




[image: image42.png]Emoeaven Sidtunong

(a) (8) (v)

Avvauerc ka QVATITVOOUUEVES J1ATUNTIKES TAGEIC TE HOVOTUNTO NAO
Zx.5.7





Ασκηση 7

[image: image43.png]5.11- Ao xaAiBSwa ehdopata cvvdéoviar pe 4 nhovg, pe m Bondela
ka1 §vo appokaivrpév (£x.5.A11). Na vnodoyiotei n S1dpetpog 0L KABE
ANOL, Mpokelpévoy Ta eddopara va unopoby va Séxovtal £QENKVLOTIKN
Sovapn P=200 KN. H emtpendpevn Siatunukn tdon yia 10 LAKG TGV
fdov efval 7,, =100 MN/m?, v n empendpevn nigon emeaveiag yia 1

VAIKG TV ehaopdtev efval g, =150 MN/m2




[image: image44.png]zx.5.A11




ΚΟΧΛΙΕΣ:  Ασκηση 1
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ΑΞΟΝΕΣ- ΑΤΡΑΚΤΟΙ

Προχειρος υπολογισμος
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oTPéYn. H petapepopevn amno tnv ATpakto por (BAEme Keo. 8) eivat:

M, = 71600P/n = 71600 (50HP/900RPM) 1 M, = 3979 kp-cm

Ao v Ek.14.6.8 yia St42 éxoupe 6Tt T, = 150 kp/cm?, onote and
TOV QVTIOTOLXO TUMO UroAoylopou g Eik.14.6.a £xoupe OTL:

d=(M/02-1, )" 1 d=(3979/0,2-150)cm A d=51mm
t ETL
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Na vtoAoyLobei n dLapeTEOG TNG ATEAXTOV XivNomg £VOG LETAPOQED e ®OUBO-
ddmia (oxMuo I18-1). Ta pia woraio arrddoom 50 t/h dnuntoLomdv xat éva Mpog
uetagpods H = 30 m mooxvmtovy:

Ioxig xivnong P = 7,5 kW, atgogéc n = 80 RPM, dLduetoog Teoyahiog D, = 800 mm,
andotoon ededvawv €, =580 mm, epexvotixi dUvoun otov ¥AGdo avédov
F, = 10000 N, atov #AG60 %xabddov F, = 8000 N. YAuxo g atEdxToL: St50.

""'”- OTQOYEAS YIX
ovvdeapo

tll'p

. ’II’I
4 |
...'....

Zytjua I18-1P. Avvduels otnv GTOaXTO XIVIONS XAl ETIQPAVELES Twv goTv M, xau T.
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2TV 0N TEOOALOQILOVTAL Ta €N POQTICEWV KAL XOTATOVIOEWY TNG ATEA-
®tov. H Qomn 010éymg Tov €LOEQXETAL QIO TO CUVOECUO HOTATTOVEL TO TUHUO
NG ATQAXTOV HETAED CUVOECUOV KOl LECOV TNG TQOXAALAS OE OTQEYN KAl OV-
YHEXQLUEVA, AOYW TLOAVDV RQOVOEWY RATA TN AELTOVQYia, O¢ emavalauavo-
LEVN RVQLWG OTEEYM.

H dUvaun F otov #A4d0 TNng TQOYXOAIAS KATATOVEL TNV ATQAKTO €T TTAEOV OF
HAUPN HOL CUYHEXQUUEVOL OE OVTLOTQEQPOUEVT RAUYT, OPOV OL EEWTEQUXES VES
™me Jtegtotg\e(péuevng aTEAXTOV VPIoTOVTOL Lot CUVEXY] EVOAAOYT UETAED EQEN-
HVOUOV 0Itd v xow OAiyng amd xwauyn. H dtatou A-B oto péoco thg atod-
HTOV TTOV ééxaf‘m TNV LOXVQOTEQN HAUTTTLXY} POQTLON ELVOL TTQOPAVWGS 1) ETTLKIV-
ovvn dratoun) (oxnua I18-1pB).

Emerdn} oL Qomég ®Apymg ®ow oTeéYng UIoQovv va TeoodLogLofouv eroia, o
vITohoyLopog B yiver ue T BonBeta tng Loodvvaung eomig M, (oxéom 8.7)

M, = /M2 + 0,75 (0, T)?

H péyrotn gomn xauyng eugavitetar otn dtatopn A-B, dnhadn otn Béon eme-
véQyelag g dvvaung F otnv teoxaiia:

¢ 580

—p . ta_ 280 5610-109
M, = F, - =% = 9000 - ~= = 2610- 10° Nmm
F_F+F _ 1000+800
we Fy=Fp=75="—"5—"= 2 =2
€, =580 mm

H oomn oteéyng T mov peta@éet  dtQaxtog eival (ONUeimwon ®atw amd oyé-
on 8.3)

P 75
T=0955-10°— =955 - 106 —— = 895- 103 Nmm
n 80
ue P=75kW

n = 80 RPM

O Aoyog ratamovnong eivar o, = 0,7 Yo AVTLOTQEPOUEVN XAUYN HOL ETTAVOL-
Aappovouevn oteéyn (onueiwon xatw amd oxéon 8.6):

M, = V(2610 - 10?2 + 0,75 (0,7 - 895 - 10%)%= 2666 - 103 Nmm




[image: image88.png]11.1- Atpaktog éNikag mAoiov, éxel koidn kukAikn Siatopn, 6mov n
eonteplkn ka1 e€otepikn Siduetpo ovvbéoviar pe 1o Adyo n=d/D=0.7. H
emtpendpevn SiatpntikA tdon tov LAIKOY g eivar 7,, =700 Kp/cm? Kai n
pori otpéyng mnov emevepyel oe aumv eivar M,=60000 Kpcm. Na
ouykpiBei 10 Bdpog g mapandve arpdktov pe 10 Bdpog arpdkrov
nAfipoug KUKAIKAG S1atopng 1Kavig va @épel v i61a pornn otpéyng.

Q¢ yvootév, ta Bdpn twv arpdkiev efvar avddoya tov epBabol twv Siatopdv
1oug. ‘Eto1 yia kdBe empépoug mepintomon, £xovpe:
‘Atpaktog Siatopng KukAKoU Saktudiov, aktivov R=D/2 kai r=d/2. ‘Exoupe:
M,R M,R 2M,R 2M,

= = T T e = (1)

max = max
7, E(R4—r4) e r nR3(1-n4)
2 it Y
R

T

Q¢ yvwotév, n péyictn avantuooduevn tdon npénel va eivar pixpotepn N fon pe

v emtpendpevn SIATUNTKA 1Gon TV VAIKOY, T, < T, Apa and mv (1) éxovpe

2M, 3 2 x 60000
<7, => R°2—"——— = R2415cm = D2x83cm

nR3(1— ;74) n700(1— 0.74)

T'vepizovtag 10 Aéyo n=d/D=1/R=0.7 xa1 éu D=8.3 cm, Bpiokovpe d=5.81
c¢m, ondte 10 gpBaddv tng koidng Siatoung Ba sival

F Z(Dz dz)_2(8.32 5.812) = F=27.58¢m> )




[image: image89.png]Atpakrog KUkAIKAG Siaroprig, aktivag R'=D'/2. Oa npénel T Ten»

2M 2 * 60000
Toax S Ton = L<t, = R2>3 M o g %FZ— ~ 3.79cm
zR3 Ty, 7700

n D'~ 7.59cm. Zuvendg 1o epBabév tng Siatopris otnv nepinteon avtd, Ba eivar

. aD*  77.59*
F =——H3=
4 4
Zuykpivovtag 1 OxXECEl (2) Kal (4) mpokVnTel 411 Xpnolponoldviac Koiin drpakio
Siatopng kukAkoD Saktvdiov, Ba éxouvpe oikovopia os Bdpog katd

_yF'l-yF{ F'-F 4522-27.58
- yF'L F 4522

ondte EXOU}JE

= F' =45.22cm> 4)

100% = 39%

11.2- Xah0BSwn dipaktog kar owdivag and adouvpivio ocvvSéoviai
otspsd petad touvg (Ex. a). Av o1 ponég otpéyng mov epapudzovialr oty
A1paxIo Kal 10 oeAhva eiva Mt =600 kpm Kai Mt =400 kpm

va LnoAoyIoToOv 01 PEVIOTEG Slcmmrlxeg 1doeig mov Ba avantvxBovv ota
800 vAIkd. Eniong va vnodoyiotel n yovia otpogig tng Siatopnhs téooepa.
Aivovtal 10 £ =20 cm, d=6 cm, D=10 cm kaBd¢ ka1 ta pérpa Sidrunong
Tov XdAvBa G; =80 GPa kai Tov adouvpiov G,=27 GPa.

O1 ponég adpdveiag I p, NS atpdkrov kar 1 p_ 10U o@Afva, avtiotoxa efval
a a

4
_nr W4 4 :E 4_4=£4_4= 4
I, e 53 =127.23cm” |, I, 2(R r) 2(5 3")=854.1cm
O1 ponég otpéyng ota tuApata 3-4, 2-3 ka1 I-2, avtiotoxa sivai

Mt3_,,= 400 kpm , M, =600+400=1000 kpm |, M,1_2= 1000 kpm

I3

Eneibni oto tuhpa 2-3 o1 Siatopée eivan oévesrsg (Grpaktog - cwdrivag) npénel va
vrioAoyioovpe mv Kcmvopr'x g OTPEMNTIKAG pormg kKal ota 800 vAkd fexwpiotd Etol
domév av M, n otpentkn pori nov napa?\apBavsl n atpaxtog kar M; n OTpENTIKA
porn mnov napa?\cuBavel 0 oeAnvag sival eavepd éu 10xvel

M, =M, +M, = M, +M, =1000 kpm (1)

AAOVHIVIO x&Avpog

|2 sy i) oo rope) Do




[image: image90.png]To npdBAnua tov npoadiopiopod twv M, kKai M, eival otaukeg adpioro. ‘Etol

’ 7 ’ a , a ’ ’ ’
Noinév xpnoponoioviag v efiomon ovpBiBactod twv napapope@dcewv 6u SnAadn
0l yovieg oTpéyng g arpdkIou Kal Tov ooAnva npénel va sivar ioeg, ondte €xovpe

M, 20 M, 2
Gol,  Giliy

Vo =Ps

M, G,I, 800000 kp/ cm® x 127.23 cm*
= . i
“  GyI, 270000 kp/cm” x854.1cm*

¢ = M, = 0.44M,a (2)
Ndvovtag 10 obotnua tev e§lodoeav (1) Kal (2) NpoKUMIEL
Mta=305‘56 kpm , Mta=694'44 kpm (3)
Me yvwotég g napandve TIHES TV GTPENTIKAOV Ponav, ol PEVICTES SiatptnukEég
1doeig g arpdxtov Kai 1ov oodnva Ba avazninBodv to tuApa I-2 yia 10 oeAdva kai
oto uApa 3-4 yia mv drpakto. ‘Etor Aomdv éxovpe

M, 40000 2
3-4 _ _
To e = Ip r= 177.23 3 Ta, 0 = 943 kp/ cm (4)
a
M, 100000 2
- -2 = =
“Omax = I, R=%5a1° = Toma ~OSk0/cm ()

H apiorepoorpopn ywvia ing Siatoprig 4 wg npog tn Siaroun 1, Ba eival

M, 1 M, 24 M, 2
-2 2-3 : 3.4
G Ly GG

01 4=01 210y 3103 4

= 2.857-10 * rad

1000 = 20 1000 > 40 400 x 20
270000 > 854.1 800000 < 127.23+ 270000 x 854.1 800000 x127.23

11.3- Mia pdBS&og AB prikoug £ =4 m, Siapétpov D=40 cm eival oteped
NaKI®PEVN ota dxpa A xair B kai vnoBdddstar oe otpéypn vnd v enidpa-
0N TG OTPENTIKNG porng M, = 10000 kpcm oe andotaon 1.5 m and 10 drpo
A. Na vnodoyiotel n yovia otpoeng g Siatoung énov s@apudzetal n po-
m M, kaBag kar o1 avudpdoeig ota onpeia 4 kai B. (Afvetar G =80 GPa).

11.4- "Evag Aeméroixog owAfvag prikovg £=5 m kai ndxovg ¢=2.0 cm
kararoveital oe oTpéwn and oTpentKn porn M,=20 kpm. Av 0! QKTiveg
v owNiva eivar r;=28 cm Kal r,=30 cm va uvnodoyiotel n yovia
otpopng Kabag¢ kar n avnypévn yeovia otpoeng. (Afvetar G =80 GPa).
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n =420 rpm SN
o

- Pouf otpélewg of¢ Nm:
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| Zntobvtal: & i 43gp T oo
Mg el
-'H yoviand taxdtnta . . . . . . . @ [rad/s] SEe

Loxbeioen DS = ik N [Ps] ~ Pouf otpébewc of¢ kpem wal kpm

1. ' H

2.°H

3.'H ponn otpédewg Mt oé Np, kpem wal kpm H nud ndvew oxéon ypdoetat:
4.°H
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tfic dtpdutou.

4. "Epyo_tpipfic Wr

"Epyo TpuBfic = Abvaun TPLBAC X Té Spduo mod ud-|
vel N &hvaun teuBfic of n otpovéc,

Wg=T.S =T.2nRn=25kp 2.3,14.0,03m.300 rpm =

=1413 kpm/min
5. ‘IoxVg TELBfic Ne
Ng - 'Epyolrpygﬁg =1413.kgg::1413 kpm -
Xpovo 1 min 60 sec
1413 kpm
~ 0,31 Ps
60 sec.75 Ep_r%% '
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Mpoopépovpe oTHV ETEARTO toxd 10 Ps YU
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AnAadn LOVO <6 96,9% Tfig {oxvog elvat OEEALUN .
EtoL &v Sewpndet 8TL N &tpantog otnplletal ot 80
t6La E8pava. TATE M tox0g Mol dmnalTelTal yid Th
Orepviunon @V TELBGY elval 2:0,31=0,62PSnal 9§
dALude Badudc dnoddécews ToD ovoThuaTog &TPAUTOS
g6pava SALodnoews-elval:

10-0,64 _ 9,36 s
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Ασκηση 2

[image: image99.png]ITowo e{val TO ETLTQETTOUEVO QPOQTIO TOV £dQAVOU ®VALONG NO6213 yia SLEQueL
Cong L, g, = 5000 deeg »aL n = 300 RPM

» AV |
A6 mivaxa 11-5 (1) omd ®atahoyoug QOUAMGY) AapBEveTaL TO SUVOULKO (OQ-
tio yio To édgavo N°6213: C = 60 kN

f, = 0,48 amo oynua 11-13
f, =22 om6 oxfpa 11-14
f, =1yt < 150°
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1 Gueco amd Tov mivaxa 11-3 yua Lo, = 5000 doeg #ow n = 300 RPM Aapfpd-
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— =448 P=—-=1339kN

VETAL P A48 no 243

b

EMOUEVWG, ETLTOETOUEVO YOQTIO YLOl TO QOVAAY N°6213: =~ 13,1 kN.




Ασκηση 3

[image: image101.png]£2C 0TADEQO £0QAVO AG ATQAUKTOV HWVIXOU OOOVIWLOU LQUAVU tAALYELUL EVLLS
0pauos ToLEag pe Babv avharo N°6209.

No eheyx0el ov 0 TQURENS UITOQEL VoL ETTLTOXEL Miat Sudorela Lwng TovAdyLoTov
15000 wQdv, vId axtvixd gogtio Fo = 4,2 kN, agovid goetio F, = 1,4 kN
%ol aQBpo 0teoYdv n = 250 RPM

» Avon

To 100dVvapo ogtio eival (oxéon 11-1):
P=X-F,+Y-F, kN

T tov ngoc&ogwué Towv X nar Y éxouvue (stivarag 11-5):

fo c‘ 204

=098 omote e = 0,284 (rogenorn)

ue f, =143 amd wivaxa 11-5a

C, = 20,4 axd swivaxa 11-5 1 a6 xaTaAdyovs QOVAUGY
F, 14
Yo —F-“— S 0,333 > e = 0,284 eivol X = 0,56 xav Y = 1,57 (aoepBorn)
N )

P=056-42+157-14 =455kN
O ovvieheotng dudioretag Lo f; Oa. eivar (oxgom 11.8):
32,5

C
fL=f 5 = 05255 =357

f, am6 oy 11-13
C amd mivaxa 11-5 1§ amd xataAdyovs govAUdY




[image: image102.png]Loy = 3,07 JTQOKUITTEL ATTO OYXNUO 11-14 OL0QRELd GG L4, = 25000 WQEC.
And mivaxa 11-3 yuo P = iZT'g = 7,14 nav n = 250 RPM moxumteL exiong
dudoxela Camg L, g, = 24000 mec.

Emopévig, o ToUBég emLTuyXGveL JLaQueld Cong OOXETE UEYOAUTEQN TV
15000 wQav.




Ασκηση 4

[image: image103.png]Na gvgefotv ta xatdAnia €0gava ®VUALONG YL TN OTHOLEN TN ATQAXTOV EL-
06dov 0TOV PELWTNEA TOV oxfuatog IT11-3.

Zyriua M11-3. YroAoyiouds twv edpdvwv xUALOTG, TG ATEAXTOV EVOG LELWTIOA.

ATO TOV VTTOMOYLOUO OE OVTOXT} XOL TNV XATACKEVAOTLXT) SLAUOQEPWON TTQOEXY-
YAV T TOQUHATW OTOLXELNL:

d=60mm, d,=50mm ¢=310mm, ¢ =120mm, €, =190 mm
F=10,6 kN, d, =364 mm xa. n=315RPM

» Avon

v oy TEETEL Vo Ato@aoLobel oo €idog edQAvmV gival ®ATAAANAO YLa
v Tegimtwon avty. Onwg éxel avagegbel Oa moémer va Eextvioel xaveic, ov
dev vIdExouv edLxoi Aoyol, ne agpatourots Toueic fabeiag avhaxog.




[image: image104.png]OL avTIOQAOELS TTQOXVITOUV QIO TLG CUVONKES LOOQQOTTIAG ZM, = 0
. _F-«‘fz 10,6 - 190
! ¢ 310

=6,5 kN

xat ZF = 0, dnhadn:

F,=F—F =106 -65=4,1kN
O vIToAOYLOMOG SLEEGYETAL Yia TO £DQavo A TTov déyeTon To peyahiTeQo (xaba-
04 axtvixd) gogtio.
Ioodtvauo gogtio P = F. = F, = 6,5 kN
To awoLTOUREVO duvapxrod pogtio eivar (oxéon 11.8):
f, 3,1

C=P-Lt=65"-=4287kN
f 6’50,47

n
ue Ly, = 15000 ges yia perwtrioes (oo wivaxa 11-2) éxovpe:
f, = 3,1 an6 oxrjua 11-14 yia L, = 15000 e
f, = 047 and gyiua 11-13 yia n = 315 RPM
'H and mivaxa 11-3 yio n =315 RPM xaL Ly, = 15000 dQeg TQOAVTTTEL
C
P =~ 6,6 omote eniong C = 6,5 - 6,6 = 42,9 KN.
T eowteguer duapetgo d, = 50 mm exAéyetar amo wivaxa 11-5 (1 and rata-
AOYOUS QOUAULAY) 0 TOYBENG NO63 10 pe dSuvapuxd gotio C = 62 kN. I'ia Adyoug
amAOTNTAG ®aL Euxohiag xategyaoiag (idia SLANETQOS OGS OTO HEAVPOS) HOL
Ao 1 SLagpoed QoQTiou dev eivar onpavtik, exhéyetal xat yia T 6éon B 10
idLo édoavo.
Av gixav exheyel xulvdQund €0gava Ba eixape
f, = 2,75 ané oxfiua 11-14
f, =051 omd oynfpa 11-13
f 2,75
x C=P L =65
f 051
‘H omd mivoxa 11-4 ywo n =315 RPM xau L = 15000 (deg mQoxumte

= 35,04 kN

C
P = 5,4, omote eniong C = 6,5 - 5,4 = 35,1 kN.

ATt6 mivoro 11-10 (1 a7td #atoAGYous QOVANGV) UITOQEL Vo EXAEYEL TO RUALVOQL1O
NU210 pe C = 64 kN oav eAevBego £8gavo xat To NUP210 cav otafed édpavo.




[image: image105.png]T'10. TN OTHQLEN TNG OTQAXTOV TOV UELWTHQA UITOQOUV AOLTTOV VO EXAEYOUV OQaiL-
owot TouBeig pe Badv avhaxa NO6310 (2 tepdyar) 1 xvdvdouxol Toleic NU210
(1 Tep.) naw NUP210 (1 tep.). H 0Uy%QLom Twv TLav divel o TAEOVEXTNUOL
0TOVG OaLQLHOVS TOLRELS.

» Naoddewypa 11-4
v £doaom Tov oyipatog IT11-4 Spowv oL duvdpelg Fy = 6,8 kN, F, = 52 kN
nav F, = 1,6 KN.

To £50avo 1 gival xwvixd QoVAudy N°30210 %ot 10 €d0avo 2 HwVIrd QOVAUEY
N°30207. Z10@ég TG atedxtov n = 1500 RPM.

Na 1000d10QLo0el 1 dudgrero TwNg TV 2 QOVAUEY.

1 2
ol 5
F A At - ___,/ﬁ_
B &

Zyijue IT111-4. ESQaon #wvixdv QOvAUGY

» Avon

ATo mivora 11-7 (1 artd xatahdyoug QOVAUAY) AapBdvovial:
yio QOUAUGy 1, N°30210: C=80kN Y, =14 e=042

yio QOUAMAY 2, N°30207: C=54kN Y,=16 €=037
T'L0. TOV VTTOAOYLOMO TV AEOVIXMV SUVAUE®V LOXVEL N ouvOTixn 2 (oxrua 11-12)
F 6,8 F 52
St = =486> 2 ="=325
g Y, 14 Y, 16

Frl FrZ
HOL F,=16>05 ( Y ) 05 (4,86 —325) =08

Yl 2
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Enopévag F, F,+05 =1,6+0,5 3,22 kN
Y, 1,6
] , o Fy 322 ;
Emewdn yia 10 £dgavo 1 eivar T = 68 = 0,473 > ¢ = 0,42, 10 AVT{OTOLXO

rl
Loodvvapo duvauund pogtio Py Ba eival (oxéon 11.1 xau wivarog 11-7)

P =04 -F,+Y -F,;=04-68+14-322=723kN
O \oyog pdoTiong Ba eival TTe:

C _ 80
—=——=11,06
P, 723

%o 1 dudoxrera Lwng Tov £8pdvov 1 omd mivaxa 11-4:
L;on = 32000 teg

T 70 €8Q0vo 2 TO LOOJGUVAUO dUVOULKG QOQTIO Elval P,=F, =52kNxao

Aoyog pdotiong — = = 10,4, mov diveL didoxrera Lwnig

P, 52
L,on = 30000 weeg

» Mogdderypa 11-5

271G £5QAOELG TOV TTQONYOULEVOL TTAQUSELYUATOS 11-4 SQOUY LEVO OL AXTIVIXES
duvdperg F ;= 6,8 KN xow F,=15kN.

Na ToodL00L00eil 1 Sucioueo ToMg Twv 2 QOUAUAY.

» Avon
ot Tov VITOAOYLOMS TWV AEOVIXMY SUVAMEWY LoXVEL | OuvBTin 3 (oyrua 11-12),
F 6,8 F 1,5
dwn =" =486>-2=_"-094
Y T Y, 16

wow F =0<05 Fn _TFp 0,5 (4,86 — 0,94) = 1,96
a SN oY & S ’ ’

F

om6teF, = 0,5 Y” F,=05-486—0=243kN
1

Fo 243

F, L5

Emedn yua 1o £d00vo 2 eival 1,62 >¢ =0,37




[image: image107.png]TO OVTLOTOLYO dUVOUIXO (oQTIO P, Dot elvan:
5 =04-15+16-243 =45kN

C 54
01 . v, = =22 — 12
Adyog @oeTIoNG Bar givat P, 45 1
%o M Suderera Lwng Tov edpdvovu 2 Ba eivar (tivoxag 11-4):
L, o = 45000 dogg

P,=04 F,+Y, F

a.

Twa to £8pavo 1 10 wodvvapo duvapurd gogtio eivar Py = F, = 6,8 kKN xai o
Aéyog poeTIONG P %8 11,8 mwov diver draoxera Lonig
1 g .
L,on = 45000 doeg

» Hapaderypo 11-6

Znteital xatdAANAO BoQEAOELOES QOVAULAY TNG OELQAS 223 YLol OXTIVIXG (OQ-
tio F, = 80 kN »ou aEovix6 gogtio F, = 15 kN. EmiBount eivan pa dudo-
®ewa Cong L,g, = 40000 deeg oTig n = 400 RPM nav Sudpetog omig Gvew
Twv 100 mm.

» AV n
l:9"2—0187<e ™G oeLRdg 223
F 30 ,187 = NG OELRAS

T

F
Ioodvvapo goQrio P =F + Y - F, yuo —];9— < e (mivaxag 11-9, ouvéxela)
r

Me Y = 2,06 yio. 10 QovAudv N°22324 pe d = 120 mm, Bo éxovpe:
P =80 +2,06-15 = 1109 kN
00
AOYOC @OQTLONG = = N0 = 8,11 mov divel dudoxera Lwng:
P 1109
L,on = 45000 doeg
To QOVAUGY 22324 ®OADITTEL ETTOUEVIG ONES TIG TQOVTODETELS.

» Hagedderypa 11-7
AveAxvOTHOOG AeLtouyel 010 10% TG dudorerag Lwiig Tov pe 1/2 Tng ToxvTn-




[image: image108.png]TAG RAL TTANQES POQTLO, OTO OUT TNG OLAQUELAS LIMNG KE TTANQT TAXVTNTA KAL 5/%
TOV (OQTIOV %ol 0TO 30% TNG drdonetag Lamg To pe 1/2 g ToxvTnTag xau 1/2
1oV oETiov. H 11Qog £5000M (TQOXTOG TEQLOTREPETAL e N = 3000 RPM
%Ol TO TTQOG VTTOMOYLOMG £8Q0vo xUALomG déxetan éva gogtio P = 1000 N. H
dudoxrela Luomg Tov £dgdvov ogitetar oe 10 xovia pe kobnpueotvi Aettovgyia 2
WOWV.

TI010 SUvauHO QOQTIO TIEETEL Va EXEL TO £3Q0VO;

» Avon

A6 ta dedopéva TTeoxvmTeL 0 axdhovBog mivoxag ne otolyeia mov Ba xonot-
HOTOmMBOVY YiLa TOV JTQOGSLOQLOUG TOV LOOdVVOLOU duvauwol gogtiov P
(oyéom 11.4)

P, = 1000N n, = 1500 RPM q,=10
P,=750N n, = 3000 RPM q, =60
P,=500N n, = 1500 RPM 45 =30

1
Pizg\3/10003~1500~10+7503~3000~60+5003~1500-30:3058N

H dudoxeta Comg Ly, elvar 2 deeg/MUEQe X 365 muégeg/érog x 10 €tn =
= 7300 toeg

And oxnpo 11-14 yia Ly, = 7300 doeg row oL QOVAUAY, TQOXVITTEL
f, = 2,45, omote 10 {nTovuevo duvapuxd gogtio C Ba. elvar (oxéon 11.8):

C

Piofy _3058-245 .o
1

f

n

» aoddevypo 11-8
Mmogei To £80avo #VAlong NO6315 va e0y0o0el XavOmomnTIKG VIO OTOTIXO
antvind gootio F o = 25 kKN xau otatnd agovird goQtio Fo =21 kN;

» Avon

ATO mivoxa 11-5 (1 agtd #atahdyoug QOUAUAY) Yia TO QOVAUGY N°6315 €yxouue
F 21

C, =765 kN %o F;“’ == 0,84 > 0,8 (mivomag 11-5), omdte oTn OYé-

ro

on (11.9) Ba eivar X, = 0,6 nar Y, = 0,5
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P,=X, Fo+Y, =0,6-25+05-21=255kN
Suvreheotiig aopahetag f amo oxéon (11.11):
¢ = So 765 _
ST P, 255

Emouévag to £80avo xvhang NO6315 umogel vor eQyaadel tuavomomtind e
AeLTovpyion Ue ®QOVOELS, ME KQOOAOUOUG XOL WE QIOLTHOELS Of axQifela
(f,>2.5).

» Mogdderypa 11-9

No vitohoyLoBei To 0Taded £30avo OTHOLENG TNG ATQAATOV EVAG KOVIXOV 000-
VIWTOU TQOYOV.

AT TN oxedropelétn TQoPAEmeTaL SLGpUETEOG 0TTg QOVAUAY d = 35 mm. AxTi-
vin6 gogtio F, = 2,5 kN. AEovind gogtio F, = 3,0 kKN. ZT00@ég TG atednToy
n = 800 RPM. EnBuunty dtdoreta Lomg tovkdaxiotov 8000 doeg.

» Aven
Q¢ ®ATEAANAOG THTIOG £8QAVOU YL TO OKOTO QUTO ETLAEYETOL QOUAUGLY YWVLD-
dovg emopig, OELAG 72.
F 30
To =& =
“E T 25

r

=12> 114

70 L00SVVapO SuVaXO (poQTio eival (Ttivoxrag 11-6)
P=035-F +057-F,=035-25+ 0,57 - 3,0 =258 kN

To amortovpevo duvapxd gotio C eivar (oxéon 11.8)

f 2,55
C=-Ltp=2""258=188kN
i P= 03 78.518

n
f,, f; amd oyiuara 11-13, 11-14 aveiotoxa
KatdAAnio goviudy eivar to N°7207B pe C = 27 KN.
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