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SANTRAUKA
Sio magistro baigiamojo projekto tikslas — suprojektuoti automatinj gitaros derinimo
mechanizmg. Tyrimo procesg sudaré Sie etapai: 1) Literatiiros analizé; 2) Stygy daznio matavimas;
3) Stygy stiprumo analizé ir ribinio daznio radimas. Ketvirtoje darbo dalyje apraSytas projektavimo
procesas, o penktoje — iSvados.

Pirmame skyriuje trumpai apzvelgiami akustikos pagrindai, gitary derinimo mechanizmy ir

stygy konstrukcijos.

Antroje dalyje matuojami stygy dazniai naudojant ,,ZOOM G5* elektroning jrangg. Trecioje
dalyje apraSytos stygy medziagy charakteristikos ir atlickamas jy stiprumo skaiciavimas, nustatomas

ribinis trikimo daznis naudojant ,,ANSYS Workbench 16.2“ programa.

Ketvirtoje dalyje ,,ANSYS Workbench 16.2“ ir ,SolidWorks 2016 programiniy pakety
pagalba suprojektuotas velenas ir sliekiné perdava, parinktas tinkamas variklis, apraSomas jrenginio

prototipas.

Paskutinéje dalyje pristatomos baigiamojo projekto iSvados.
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SUMMARY

The aim of this work is to design an automatic guitar tuning mechanism. The steps of the
research process are the following: 1) Literature analysis, 2) String frequency measuring, 3) String
strength analysis and marginal frequency calculation. Project-based section is in the fourth part of the

project. The fifth part contains project conclusions.

The first part contains a bit of information about acoustics, guitar tuning mechanisms and

strings.

In the second part are presented string frequency measurements using electronic equipment.
The third part contains information about string materials and that characteristics. There are presented
string strength and marginal frequency calculations using ,,ANSYS Workbench 16.2* software.

The project-based part present shaft and worm gear design using ,,ANSYS Workbench 16.2*
& ,,SolidWorks 2016* software, proper motor choosing and information about already built prototype

of the device.

In the last part are presented final project conclusions.
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IVADAS

Temos aktualumas: Muzikalumas — tai vienas i$ daugelio Zzmogaus talenty. Pasaulyje yra
labai daug muzikanty, naudojan¢iy naujas technologijas savo kiiryboje. Norint, kad muzikos
technologijy mokslo Saka vystytysi kartu su naujy technologijy tobuléjimo sparta, reikia senovinius
baroko epochos instrumentus pritaikyti prie skaitmeninés aparatiiros. Visi Siuolaikiniai kiriniai
jraSomi naudojant skaitmening technikg ir aparatirg. Garsg galima lengvai apdoroti jvairiomis
kompiuterinémis programomis. Tokiomis programomis Salinami garso jraSymo metu atsirade

trikdziai, garso daznj galima paaukstinti arba pazeminti.

Pritaikomumas: Automatinis gitaros derinimo prietaisas puikiai tinka muzikos atlikéjams,

kurie koncerto metu nori greitai pakeisti gitaros stygy derinima kitu.

Darbo tikslas: Atlikti stygy stiprumo skai¢iavima sujungiant modalinés ir stiprumo analizés

aspektus. Atlikus analizg, suprojektuoti automatinj stygy derinimo mechanizmg.
Darbo uZdaviniai:

e iSanalizuoti literatlira, susijusig su darbo tema;

e iSmatuoti gitaros stygy daznius naudojant elektroning jrangg;

o atlikti stygos modaling ir stiprumo analizes ANSY'S programoje;

e pagal gautus tyrimo rezultatus suprojektuoti automatinj gitaros derinimo prietaisa,

o atlikti svarbiausiy mechanizmo detaliy stiprumo analizes.



1. LITERATUROS APZVALGA

1.1. Gitaros istorija ir rasys

Gitara — muzikos instrumentas, priklausantis styginiy instrumenty grupei. Pagrindinés jos

dalys, tai korpusas, grifas, stygos ir derinimo galvutés. Gitaros vaizdas parodytas 1.1 pav.

Pirmieji instrumentai, panasiis j Siuolaikines gitaras, buvo naudojami jau 3000 mety p. k.
vidutingje Azijos dalyje ir Indijoje. Mokslininkai mano, jog gitara kilusi i$ senovinio instrumento,
vadinamo cithara, kuris reiskia ,,styga®. Zodis gitara buvo pirma karta paminétas X a. Ispanijoje, kai

maurai atkeliavo su tokiais instrumentais j Pirény pusiasalj [1].
Gitaros skirstomos j dvi pagrindines risis:

e akustines

e clektrines

Akustinés gitaros Kilusios is klasikiniy gitary. Akustiné gitara turi sustiprintg korpusa, pritaikyta
naudoti plieninéms stygoms, kuriy didelé tempimo jéga. Abiejose gitarose garsas stiprinamas
rezonansiniame bugne. Akustiné gitara pranasesné tuo, kad joje galima panaudoti jvairias stygas,

priklausomai nuo to, kokj garsg norima iSgauti.

Elektriné gitara — gitara, kurioje stygos virp¢jimas, atsirades magnetiniame lauke, pakei¢iamas
jtampos signalu naudojant émiklj (generatorinj keitlj). Pirmas gitarinis signalo keitlys buvo

pagamintas 1931 m. i$ vielos ir magneto.


http://lt.wikipedia.org/wiki/Muzikos_instrumentas
http://lt.wikipedia.org/w/index.php?title=Grifas_(muzika)&action=edit&redlink=1
http://lt.wikipedia.org/wiki/Styga

. Tl o

PAVADINIMAS NUMERIS PAVADINIMAS NUMERIS PAVADINIMAS NUMERIS PAVADINIMAS NUMERIS
Korpusas i Stygy laikiklis (maZas) | 5 Derinimo kuoliukas ] Enmniklis 1 13
Grifas 2 Dirzo fiksatorius 6 Laikiklis 10 Emiklis 2 14
Mygtukas 3 Sandariklis 7 Dangtis 11 Spyruckle 15
Stygy laikiklis 4 Jvoré ] Danglelis 12 Slieking perdava 16

1.1 pav. Elektrinés gitaros dalys



1.2. Elektriniy gitary Keitikliai ir ju veikimo principas
Kaip buvo minéta anksciau, elektrinése gitarose garsas stiprinamas naudojant elektros energija.
Garso signalas 18 keitiklio patekes ] stiprintuva stiprinamas ir apdorojamas.

Gitaros keitikliy rasys [3]:

o magnetoelekriniai;

o pjezoelektriniai;

o optiniai.

Labiausiai paplite yra magnetoelektriniai keitikliai. Jie susideda i$ nuolatinio magneto, Serdies
ir induktoriaus. Serdziy skai¢ius dazniausiai lygus stygy skai¢iui. Visas $erdis priziaréti gali vienas
induktorius, arba kiekviena Serdis gali turéti savo atskirg induktoriy. Nuolatiniai magnetai sukuria
magnetinj laukg, keliaujantj per Serdis ir stygas. Kai kuriais atvejais pacios Serdys pagamintos i$
magnetinés medziagos. Emikliy korpusai gaminami i$ plastiko, re¢iau skardos. Kiekvienas garso

signalo keitiklis turi dvi montavimo skyles.
ISskiriami du $iy gitaros émikliy tipai [3]:

o vienos rités (angl. single coil);

Magnetas (Serdis)

Rite

Korpusiné dalis

Apvijos pradzia

Apvijos pabaiga

1.3 pav. Vienos rités magnetoelektrinio keitiklio schema [2]
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dviejy ric¢iy (angl. humbucker).

0

~ Magnetas
‘-—/ i (serdis)
Rite
Nuolatinis

7 magnetas

Korpusiné dalis

1.4 pav. Dviejy ri¢iy magnetoelektrinio keitiklio schema [2]

Dviejy ri¢iy émikliuose indukuojama kintama elektrovaros jéga. Vienos rités émikliy triikumas

— stiprintuvo magnetiniy daliy indukavimas. Dél stiprintuvo transformatoriaus ir induktoriaus

atsiranda nepageidaujamy triukSmy. Dviejy riciy tipo émiklis Sios problemos neturi. Visi trikdZiai
panaikinami, nes induktoriai sujungti priesfaze [3].

keitiklis laidas ir Eiprintuvas
- C C
1 2 []
— — R
E
* O * * >
Cf+CQ=C

1.5 pav. Gitaros émiklio su stiprintuvu jungimo grandiné [2]

1.5 pav. parodyta magnetoelektrinio keitiklio schema. Sprendziant i$ Sios elektros grandinés

didel¢ jtakg keitiklio veikimui turi gitaros laido, einancio j stiprintuvg, talpa C; ir paties keitiklio

11



varza R. Esant tam tikram daZniui f, jvyksta indukcinis (L) ir talpinis (C) rezonansas. Rezonanso metu
] stiprintuvg ateinantis garso signalas gali pasiekti 12 dB. VirS rezonansinio daznio talpa C ir
induktyvumas L sudaro zemo daznio filtra. Zemo daZnio filtras — tai elektros grandiné, praleidZianti

tik tam tikro daznio signalg. Jo veikimg apraso funkcija [3]:

K
Ts+1

G(s) = (1.1)

v

cla:
T — laiko pastovioji
s — Laplaso operatorius, s = j2rf

Rezonansinis daznis f kinta nuo 2 iki 5 kHz ir turi didele jtaka gitaros skambesiui. Esant 2
kHz, garsas biina minkstas, 0 5 kHz — skardus ir triukSmingas. Dirbtinai padidinus kondensatoriaus
C talpa, rezonansinis daznis sumazeéty. Jeigu rezistorius R turés maza vertg, tada grandinés dalis LC

turés mazg amplitude ir nejvyks rezonansas [2].

Kei¢iant anksCiau minétus parametrus, galima gauti norimg gitaros skambesj. Maksimali

jtampos verté iS¢jime kinta tarp 50-500 mV, priklausomai nuo stygy virpesiy daznio.

1.3. Stygos, naudojamos gitarose

Styga, tai styginiy instrumenty garso Saltinis. Ji gali buiti pagaminta i§ metalo (nikelio, plieno),

natiiraliy medziagy ($ilko), polimery (nailono) arba gyvuliniy skrandziy.

Virpancioje stygoje susidaro stovinti banga. Kadangi instrumente styga tvirtinama i$ abiejy
galy, joje susidaro virpesiy mazgai. Stygos savyjy virpesiy daznis priklauso nuo jos ilgio (1),
medziagos tankio (q), itempimo (T), skerspjivio ploto (S). Stygos virp¢jimo daznis lemia sukeliamo
garso aukstj. Garso aukStumas priklauso nuo stygos jtempimo. Styginio instrumento garso tipas
(savitumas) vadinamas garso tembru. Tembras priklauso nuo to, kaip virpinama styga (pirstais,

plektru) ir kurioje vietoje ji virpinama [5].

Stygos parenkamos pagal grojama muzikos stiliy, tembra. Storesnés stygos virpa zemesniais
dazniais, dél to tokiomis stygomis iSgaunamas Zemesnis ,,bosinis* garsas. Kuo storesné styga, tuo
didesné jos tempimo jéga. Stygos skerspjuvio skersmenj gamintojai pateikia tikstantosiomis colio
dalimis. Ploniausiy gaminamy stygy skersmuo lygus 0.008 colio, o storiausiy — 0,056 colio. Bosinése

gitarose storiausia styga siekia 0,145 colio.
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Plonesnés metalinés stygos dazniausiai gaminamos i§ plieno. Storesniy stygy konstrukcija
kitokia (1.6 pav.). Storesnés stygos turi pliening Serdj, kuri apvyniojama tam tikro metalo rite. Rités
medZiaga turi didele jtakg skambesiui. Bronzinés, auksinés ir varinés vijos naudojamos apsaugojimui

nuo korozijos, nikelinés — siekiant i§gauti i$siskiriantj skambesj.

1.6 pav. Gitaros stygos konstrukcija [11]
1.4. Stygy stiprumo savybés

StandZiai abiejuose galuose jtvirtintos stygos labai daZnai deformuojamos (tempiamos)
derinant gitarg. Gitaros derinamos labai jvairiai. Norint iSgauti aukStesnius garsus, stygos tempiamos
labiau, Zemesnius — stygos atleidZiamos. Didinant tempimo jéga, auga jtempiai. Susidévéjusi styga
pradeda plastiSkai deformuotis, dél to negalima sugraZinti stygos pradinio virp¢jimo daznio. Norint
tinkamai eksploatuoti stygas, gitarg reikia derinti stygos proporcingumo ribose, kad neatsirasty
lieckamosios deformacijos. Stygos tempimo jéga galima susieti su virpéjimo dazniu. Si jega

apskaiciuojama pagal 1.2 formule [13].

f=5 P (1.2)

dia:
f — stygos virpéjimo daznis, L — stygos ilgis tarp jtvirtinimy (angl. scale length), T — tempimo jéga,

U — stygos mas¢ ilgio vienete (kg/m)

13



1.7 pav. llgis L (angl. scale length)

1.5. Stygu dazniai

Stygos virpéjimo daznis nulemia garso aukstj. Zmogus girdi garsus, kuriy daznis nuo 16-20

Hz iki 16-20 kHz. Garsumas priklauso nuo oro, kuriuo sklinda garsas, virpéjimo amplitudés.

Garsy iSdéstymo schema instrumente vadinama garso gama. Gama yra oktavos apimties ir
kartojama kitomis (aukStesnémis, zemesnémis) oktavomis. Kiekviena oktava susideda i§ septyniy
diatoniniy garsy: C, D, E, F, G, A, B (do re mi fa so la si do). AStuntas garsas (C) pradeda nauja
oktavg. Garso pakeitimas vienu tonu lygus jo daznio padauginimui arba padalijimui i
Y2~1,22462 Hz. Tonai dar dalinami j pustonius. Garso kitimas pustoniu lygus garso daZnio
padauginimui (padalijimui) i$ '3/2~1,059463 Hz [7]. Norint rasti garso daznj, kuris aukstesnis visa

oktava, reikia padauginti garso daznj i$ 2.

1.1 lentelé. Akustinés gitaros stygy standartinis derinimas

Styga Virpéjimo daznis
1(E) 329.63 Hz
2 (B) 246.94 Hz
3(G) 196.00 Hz
4 (D) 146.83 Hz
5(A) 110.00 Hz
6 (E) 82.41 Hz

1 lentel¢je parodytas standartinis stygy derinimas. Kartais norint iSgauti aukstesnius ar

Zzemesnius daznius, stygos derinamos Kitaip, pavyzdziui, C-G-D-A-E-G.

14



1.6. Stygy derinimo principas ir biidai

Gitaros derinimas — gitaros akustikos nustatymas taip, kad pagrojus kazkurj i§ garsy, jis turéty

tg patj aukstj ir daznj kaip garsas, su kuriuo jis lyginamas. Tinkamai suderinto instrumento garsai turi
tiksliai nustatytus daznius.

Daugelyje pasaulio $aliy instrumentai derinami pagal dvylikatonés lygiosios temperacijos
sistema [7]. Sioje sistemoje oktava skiriama j 12 lygiy daliy ir ty daliy daZnio santykis lygus
12

2~1,059463 Hz. (Zr. 1.5. poskyris). Sis skai¢ius nusako pustonio intervalo reik§me. Sio intervalo
iISvedimas:
e jei a, pazymésime pirmajj oktavos garsg, o a,, — paskutinjjj, gausime % =2;
0
e kadangi garsai sudaro geometring progresijg, galima iSreiksti oktavos galiniy naty sarysj ir
kitaip: a;, = ag - k2 % = k12 ;
0

e sulygine abi iSraiSkas gauname k2 =2, o i§ to apskai¢iuojame, kad:

k = 3/2~1,059463 Hz.

1.8 pav. Gitaros stygy savieji dazniai [14]
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1.2 lentelé. Dvylikatonés lygiosios temperacijos intervalai [13]

Verté centais lygiojoje

Pavadinimas temperacijoje DeSimtainé verté
Unisonas (C) 2/120 1.000000
Mazoji_sekunda (C#) /121 1.059463
Sekunda (D) 12152 1.122462
Mazoji tercija (D#) 2/123 1.189207
Didzioji tercija (E) 12154 1.259921
Kvarta (F) 2/125 1.334840
Tritonis (F#) 2156 1.414214
Kuvinta (G) /127 1.498307
Mazoji seksta (G#) 2/128 1.587401
Didzioji seksta (A) 27129 1.681793
Mazoji septima (A#) 2/1210 1.781797
DidZioji septima (B) 21211 1.887749
Oktava (C) 2[1212 2.000000

Gitaros stygos derinamos sukant gitaros derinimo mechanizmo galvute (1.9 pav.).

Stygy derinimo metodai:

1.9 pav. Stygos derinimas

zmogaus klausos gebéjimu,

naudojant derinimo prietaisg.



http://lt.wikipedia.org/wiki/Unisonas
http://en.wikipedia.org/wiki/C_(musical_note)
http://lt.wikipedia.org/wiki/Ma%C5%BEoji_sekunda
http://en.wikipedia.org/wiki/C_(musical_note)
http://lt.wikipedia.org/wiki/Sekunda
http://lt.wikipedia.org/wiki/Ma%C5%BEoji_tercija
http://en.wikipedia.org/wiki/C_(musical_note)
http://lt.wikipedia.org/wiki/Did%C5%BEioji_tercija
http://lt.wikipedia.org/wiki/Kvarta
http://lt.wikipedia.org/wiki/Tritonis
http://en.wikipedia.org/wiki/C_(musical_note)
http://lt.wikipedia.org/wiki/Kvinta
http://lt.wikipedia.org/wiki/Ma%C5%BEoji_seksta
http://en.wikipedia.org/wiki/C_(musical_note)
http://lt.wikipedia.org/wiki/Did%C5%BEioji_seksta
http://lt.wikipedia.org/wiki/Ma%C5%BEoji_septima
http://en.wikipedia.org/wiki/C_(musical_note)
http://lt.wikipedia.org/wiki/Did%C5%BEioji_septima
http://lt.wikipedia.org/wiki/Oktava
http://en.wikipedia.org/wiki/C_(musical_note)

1.7. Literatiiros apzvalgos apibendrinimas

ISanalizavus literatiiros Saltinius, pagilintos zinios apie muzikiniy instrumenty veikimo principg
ir derinimo biidus. Gitaros derinimas glaudZiai susijes su stygos virpéjimo dazniu. Zinant virpé&jimo
daznj, galima jj lyginti su tam tikro garso tikru dazniu. Kadangi daznis proporcingas stygos tempimo
jégai, tal jmanoma instrumenta derinti matuojant jéga. Derinimas pagal tempimo jéga nepatogus ir

netikslus, nes stygoms susidévéjus ir patyrus ciklines apkrovas, tempimo jéga mazéja.

Kitas Sio darbo etapas — stygos tempimo jégos nustatymas. Nustacius tempimo jégg, galima
parinkti tinkamus variklius, kurie suteikty judesj derinimo mechanizmo kinematinéms poroms. Tai
jvykdzius, galima atlikti mechanizmy stipruminius skaiiavimus, pagal varikliy dydj pritaikyti

prietaisg standartinei elektrinei gitarai montuoti.
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2. STYGU DAZNIO MATAVIMAS

2.1. Bendra apzvalga

Literattiros apzvalgoje buvo minéta, kad stygos virpéjimo daznj galima susieti su stygos ilgiu,

mase ir tempimo jéga. Pagal dvylikatonés temperacijos sistemg nustatyti kiekvieno garso dazniai (Zr.

2.1 lentelé). Baziniu muzikiniy instrumenty derinimo tasku laikomas garsas A3, kurio daznis 440 Hz.

Aisku, visa derinimo bazé pasikeisty, jeigu naudojamas bty kitas daznis. Grojantys asmenys jvairiai

derina savo instrumentus, naudodami A3=335-443 Hz. Siame projekte nagrin¢jamas standartinis (440

Hz) derinimas.

2.1 lentele. 9 oktavy garsy dazniai

Oktava/Garsas C C# D Eb E F F# G G# A Bb B
0 16.35 | 17.32 | 18.35 | 19.45 | 20.6 | 21.83 | 23.12 | 24.5 | 25.96 | 27.5 | 29.14 | 30.87
1 32.7 | 3465 | 36.71 | 38.89 | 41.2 | 43.65 | 46.25 | 49 | 5191 | 55 |58.27 | 61.74
2 65.41 | 69.3 | 73.42 | 77.78 | 82.41 | 87.31 | 925 | 98 | 103.8 | 110 | 116.5 | 123.5
3 130.8 | 138.6 | 146.8 | 155.6 | 164.8 | 174.6 | 185 | 196 | 207.7 | 220 | 233.1 | 246.9
4 261.6 | 277.2 | 293.7 | 311.1 | 329.6 | 349.2 | 370 392 | 4153 | 440 | 466.2 | 493.9
5 523.3 | 554.4 | 587.3 | 622.3 | 659.3 | 698.5 | 740 | 784 | 830.6 | 880 | 932.3 | 987.8
6 1047 | 1109 | 1175 | 1245 | 1319 | 1397 | 1480 | 1568 | 1661 | 1760 | 1865 | 1976
7 2093 | 2217 | 2349 | 2489 | 2637 | 2794 | 2960 | 3136 | 3322 | 3520 | 3729 | 3951
8 4186 | 4435 | 4699 | 4978 | 5274 | 5588 | 5920 | 6272 | 6645 | 7040 | 7459 | 7902

2.2. Stygos daZnio matavimas naudojant daZnio spektro analizés programa ,,PRAAT*

Siame etape naudojamos garso analizés jrangos ir kompiuterio galimybés stygos dazniui

matuoti. Kadangi stygos daznis lygus garso dazniui, tai atlikti galima iSmatavus analoginio signalo

verte, kuri kompiuteryje apdorojama Furje eiluciy pagalba. Naudojama jranga:

e Elektrin¢ gitara;

o ,ZOOM G5*" gitaros efekty ir garso jraSymo jranga;
e USB kabelis (1 vnt.);

e 6,5mm ,stereo” kabelis;
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2.1 pav. Gitaros jungimo prie kompiuterio schema

Signalas apdorojamas gitariniy efekty procesoriaus ,,ZO0OM G5 garso plokstéje. Prijungus
jrangg prie kompiuterio, ji tampa nauja garso plokste, kurig kompiuteris gali naudoti kaip garsiakalbj

arba garso jra§ymo jranga.

Paleidus programa ,,PRAAT", atsidaro du darbiniai langai: ,,Praat Objects” ir ,,Praat Picture*.
Pirmame lange jvedami analizuojami objektai. Tai gali bati jraSytas garsas ar elementarus dazniy
spektras. Antrame lange atlickama spektro analizé. Norint pradéti analizg, reikia j programg jrasyti
analizuojama objekta. Siuo atveju jraSomas pirmos stygos savasis daznis (angl. record mono sound)

(2.4 pav.).
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1] Praat Objects EEN

Praat | New | Open Save Help
Objects: Record mone Sound... Ctrl-R

Record stereo Sound...

Sound b

Matrix r

Tables r

Tiers r

Create TextGrid...
Create Strings as file list...
Create Strings as directory list...

Articulatory synthesis 3
Create Permutation...

Polynomial 3
Multidimensional scaling 3

Acoustic synthesis (Klatt)

=

Constraint grammars
Symmetric networks
Neural nets

kMM classifiers

r v v ¥

Rename... Copy... I
Inspect Info I
Remove

2.2 pav. Objekto tipo pasirinkimo langas

Toliau pasirenkama spektro daznio verté ir failo pavadinimas. Spektro daznis nusako jraSomo
garso kokybe. Kuo daznis didesnis, tuo garso spektro analizé tikslesné. Naudojamas standartinis
44000 Hz vertés spektro daznis. Prie§ jrasant garsa, naudojant ,,ZOOM G5* garso procesoriy,
tinkamai suderinamos stygos pagal A3=440 Hz standartinj derinimg. Derinant suzadinama styga ir
raudoni indikatoriai rodo — styga atleisti ar tempti. Zalias indikatorius rodo, kad styga tinkamai
suderinta.

2.3 pav. Zalias indikatorius rodo, kad styga suderinta.
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2.4 pav. Matoma E2 garso spektrograma. Pazyméjus garso atkarpg nuo 2,48 iki 6,30 s ir
nuspaudus komanda ,,Pitch/Get minimum (maximum) pitch®, galima i$skirti maksimaly ir minimaly

virp¢jimo daznj.

i 1. Sound Styga E2 = =
File Edit Query View Select Spectrum Pitch Intensity Formant Pulses Help
2.484031
0.1685
D ] 1 ||| |||||II|||. 8O 1
-0.06977}
-0.1721
2000 Hz 200 Hz
St LR DAL SR R gL
bz 8342 Hz
2484031 3.824540
0 Visible part 6.308571 seconds 6308571
Total duration 6.308571 seconds
all | in | aut | zel | bak, | 4 |p| [v Group

2.4 pav. Jradyto garso spektras.

Atitinkamai minimalaus ir maksimalaus daznio verteés:

e 82,38701140795804 Hz (minimum pitch in SELECTION) — minimali daznio vertg;
e 83,87744502181363 Hz (maximum pitch in SELECTION) — maksimali daznio verté.

Apskai¢iuojamas vidurkis:

int 82,387+83,877
foiq = tmintfmex _ S3THS3RTT _ g3 132 Kz,

Teorinis daznis E2 = 82,41 Hz.
Priezastys, dél kuriy galimos matavimo paklaidos:

e stygos derinamos priartéjimo budu;

e styga gali biiti neatitinkamai suzadinta.

Pamatuojami taip pat likusiy stygy virpéjimo dazniai ir palyginami su teoriniais.
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2.2 Lentelé. Teoriniy dazniy palyginimas su iSmatuotais

Styga ISmatuotas daznis, Teorinis daznis, Hz Santykiné paklaida,
Hz %
1(E4) 328,562 329,63 0,324
2 (B3) 246,822 246.94 0,048
3(G3) 197,112 196 0,567
4 (D3) 145,921 146,83 0,619
5 (A2) 110,253 110 0,23
6 (E2) 83,132 82,41 0,876

2.3. 1Svados ir rezultaty apibendrinimas

ISanalizavus gautus eksperimento rezultatus galima teigti, kad prietaiso ,,ZOOM G5 derinimo

tikslumas didelis, nes visais atvejais paklaida nevirsija 1 %. Kompiuterinis gitaros stygy derinimo

metodas tikslesnis dél tiesioginio analoginio signalo vertés apdorojimo naudojant garso plokste.
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3. STYGU STIPRUMO ANALIZE IR RIBINIO DAZNIO RADIMAS

Siame skyriuje atlieckama stygy parametriné stiprumo analizé. Stygos labai plonos ir juy
stiprumas ribotas dél mazo skerspjivio ploto. Stygy stiprumas didinamas gaminant jas i§ stipriy
legiruoty nertdijanciy plieny. Stiprumo analizé atlickama naudojant ,,ANSYS Workbench 16.2*
programing jranga.

Pagrindiniai analizés tikslai:

e Suzinoti, kiek maksimaliai galima tempti styga, kol joje neatsiras plastinés deformacijos;

e Apskaiciuoti stipruma, siekiant parinkti maksimalig automatinio derinimo mechanizmo
varikliy galia,

e ISbandyti derinima virs baziniy (standartiniy) dazniy (zr. 2.2 lent.) norintiems alternatyvaus
derinimo. Aukstesniems dazniams pasiekti reikalinga didesné tempimo jéga;

e Rasti stygos triikkimo daznj, atliekant optimizavimo uzdavinj pagal stiprumo ribg tempiant

ir daznio diapazona.

3.1. Stygu medziagos nustatymas ir charakteristikos

Stygos dazniausiai gaminamos i$ plieno arba nailono. Siy medZiagy charakteristikos pateiktos

3.1 lentel¢je.

3.1 lentelé. Stygy medziagy charakteristikos [14]

Medziaga Tankis, kg/m?3 Jungo modulis, GPa | Stiprumo riba, MPa
Plienas 7700-7900 190-210 420-585
Nailonas 1100-1300 1,1-16 45-90

Stygy mechaninés charakteristikos gaunamos tempimo bandymais. Styga tempiama tol, kol
nutriiksta ir, panasiai kaip ir standartiniams bandiniams, gaunama tempimo diagrama (3.1 pav.). 3.1
pav. parodyta proporcingumo riba P, prie kurios styga deformuojasi tampriai, t. y. jos ilgis po
tempimo grjzta j prading verte. Pasiekus taska B, styga nutriiksta. Plieninés stygos nutroksta, Kali
deformacijos pasiekia 40-75%, nailoninés 35-70%. Stygos pagamintos i$ plieno gali biiti apkrautos
3—4 kartus didesne jéga nei pagamintos i$ kity medziagy. Stygy gamybai naudojami vieliniai plieno
ruosSiniai. Plienas turi biiti nertidijantis ir atsparus tempimui. Prie tokiy plieny priskiriami AISI

standarto plienai: 302, 304, 305 [15]. Toliau bus nagrinéjamos stygos, pagamintos is AIS1 304 plieno.
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0 TEMPIMO JEGA, N

DEFORMACIA, %

3.1 pav. Plieninés stygos tempimo diagrama [14]

3.2 lentelé. Plieno AISI 304 cheminé sudétis %

C Mn P S Si Cr Ni
Min - - - - - 18 8
Max 0,08 2 0,045 0,03 1 20 10,5

3.3 lentelé. Plieno AISI 304 mechaninés charakteristikos

Santykinis
Stiprumo riba Takumo riba, Santykinis skerspjiivio _
. Kietumas, HB
tempiant, MPa MPa pailgéjimas, % susiauréjimas,
%
585 240 40 50 150
3.4 lentele. Plieno AISI 304 fizikinés savybes
_ _ Specifiné iluma, Silumos laidumas,
Tankis, kg/m? Jungo modulis, GPa
J/kgK W/mK
7900 193 500 16,2

Likusios charakteristikos pateiktos 1 priede.

Nerudijantys plienai daZniausiai savo sudétyje turi 8—10% nikelio [16]. Nikelis padidina plieno
stiprumg aukStesnése temperatiirose. Anks¢iau minétas plienas AISI 304 — tai viena populiariausiy
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markiy neriidijanciy plieny Seimoje. Jis dazniausiai naudojamas detaliy, kontaktuojanciy su drégme,
gamybai (indai, Sakutés, peiliai).

Siame darbe bus atlikta stygos netiesiné stiprumo analizé. Siekiant ja atlikti, stiprumo kreive
reikia apraSyti keliais taSkais, per kuriuos eina kreivé arba dvejomis linijomis, kurios apraSomos
Jungo ir tangentiniu moduliais. Kaip Zinome Jungo modulis aprasomas medziagos jtempiy ir
deformacijy santykiu [17]. Jo ribose rySys tarp jtempiy ir deformacijy tiesinis. Tangentinis modulis
nusakytas ty paciy dydziy santykiu, tik rySys tarp jtempiy ir deformacijy netiesinis. Jungo modulis
visada plieno gamintojo duotas kaip medziagos mechaniné (stipruminé) charakteristika, bet
tangentinj modulj daZniausiai reikia apskaiciuoti. Vietoje tangentinio modulio kartais naudojama
tiksli tempimo kreivé, gauta eksperimenty metu.

Tangentinj modulj lengviausiai apskaiciuoti naudojant Rambergo-Osgoodo lygybe. Tiksly
lygybés i§vedima $ie mokslininkai publikavo savo darbe 1943 m. [18]. Si lygybé turi kelis variantus,
priklausomai nuo medziagos stipréjimo koeficienty. Siame darbe naudojama formulé su
koeficientais, pritaikytais nertdijantiems plienams pagal EN 1993-1-4 normg. Tokiu atveju tangentinj

modulj galima apskaiciuoti pagal 3.1 lygybe [19]:

E
Ey = —soozwe | (3.1)
fy
¢ia; E — Jungo (tamprumo) modulis;
n — valcavimo kryptis (skersiné, i8ilginé);

fy — takumo riba;

Jungo modulis ir takumo riba pateikti 3.3 ir 3.4 lentése. Koeficientg n galima apskaiciuoti

pagal 3.2 lygybe arba paimti i$ lentelés [19 — Table 4].
__ log(0,05)

Rpo,02, ?

= (3.2)
IOg(T)

¢ia: Ry 02 — salyginé takumo riba, MPa.
Pagal 4 lentele 1§ [19] Saltinio nagrinéjamam plienui tinka verté n = 6.

Tada suraSomi visi duomenys j (3.1) lygybe:

E ~ 193000
002 n-E " | 0,026-193000
5 240

= 1979 MPa

Ey:

1 1+

Biitina paminéti, kad tangentinis modulis visada maZesnis uz Jungo modulj. Sie moduliai gali

baiti vienodi tik tuo atveju, kai kreiviy salycio taskas yra tiesinéje zonoje.
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3.2. ANSYS skaiciavimo blokai ir medZiagos nustatymai

Norint parametriSkai susieti stygos modalines ir stiprumo savybes, sukuriami skai¢iavimo

blokai su grjztamaisiais rysiais (3.2 pav.).

- A - B - C
2 @ Engineering Data +" =M 2 @ Engineering Data +" g~ 2 Q Engineering Data +"
3 |G Geometry v, 3 | Geometry W g8 3 i} Geometry v 4
4§ Model v 4 @ Madel W g——H 4 @ Model v
5 a Setup ¥ o, o a Setup N ‘—/—IE a Setup v 4
6 Solution v o, 6 Solution v 4 6 Solution v 4
7 @ Results v oy 7 @@ Results v 4 7 @ Results v 4
» 8 |5 Parameters = » 8 (] Parameters > 8 (5] Parameters T
Metiesine stygos stiprumo analize BEAM tempimas BEAM modaline analize
|[‘p1.1 Parameter Set
- D b4 E - F
2 (&) Optimization v 2 | {g) Optimization ¥ . 2 (&) Optimization ¥
0.013 0.017 0.02

3.2 pav. ,,ANSYS Workbench* skai¢iavimo blokai

3.2 pav. matomi trys skai¢iavimo blokai, susieti parametrais. Visi blokai dalijasi tomis paciomis
medziagomis (Engineering Data). Svarbu pabrézti, kad modalinés analizés jéjimo parametry skiltelé
»Setup® sujungta su ,,BEAM* tempimo bloko ,,Solution* skiltele. Kaip buvo minéta anksciau, Stygos
virpéjimo savasis daznis priklauso nuo jos jtempimo, masés ir ilgio. ,,ANSYS Workbench“ — viena
i$ nedaugelio programy, leidzianéiy atlikti apkrautos detalés modaling analize (angl. prie-stress modal

analysis).
,Engineering Data“ skiltel¢je jvesti visi anks¢iau nagrinéto plieno AISI 304 parametrai (Zr. 3.3
pav.).

Ivesti medziagos parametrai:

o Jungo modulis — 193000 MPa;

. Puasono koef. - 0,3;

o Takumo riba — 240 MPa;

o Tangentinis modulis — 1979 MPa.

o Nuovargio kreivé (zr. 1 priedas).
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Outline of Schematic A2, B2, C2: Engineering Data

A B |C D
1 Contents of Engineering Data 2 | P jource Description
Pl =
3 % Stygos medziaga (AIST 3040) B
=3 Click here to add a new material

Chart of Properties Row 16: Alternating Stress Mean Stress > B X

280 Mean Stress - 1T.OE+08 [Pal g

Alternating Stress [MPa]

4.5 5 5.5 ] 6.5 7
Cycles (Logae)

A B C
1 Property Value Unit
2 % Density 7930 kgm~-3
3 |E 1A Isotropic Elasticty
4 Derive from Young's Modulus an... LI
5 ‘Young's Modulus 1.93E405 MPa LI
[ Poisson's Ratio 0.3
7 Bulk Modulus 1.6083E+11 Pa
8 Shear Modulus 7.4231E+10 Pa
B 4 Field variables
13 = EI Bilinear Isotropic Hardening
14 Yield Strength 240 MPa hd
15 Tangent Modulus 1979 MPa |-
16 = EI Alternating Stress Mean Stress = Tabular

3.3 pav. Stygos medZiagos nustatymas

3.3. Parametrai ir skai¢iuojamoji dalis

Visi jvesti parametrai parodyti 3.4 pav. Parametrai: P1, P2, P3 ir P4 — tai stygy ilgiai ir
skersmenys. Jie susieti tarpusavyje ir, pakeitus B1 bloko stygos parametrus, automatiskai pasikei¢ia
Al bloko dalyje. Siame skyriuje nagrinéjamos trys stygos, kuriy skersmenys 0,013; 0,017 ir 0,02

colio (Zr. 3.5 pav.).
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3.5 pav. Stygy skersmenys pagal tipg ir daznj [20] (light — lengvos, medium — vidutinio

sunkumao, heavy — sunkios)

i D Parameter Name Value Unit

2 E Input Parameters

3 =) E Metiesine stygos stiprumo analize (A1)

4 [}p PF1 D_S0LID 0.0003302 m

5 h P2 L_SOLID 0.6477 m

[ f}p P& Tempimo jega stiprumo sk. 123.75 M

7 b P15 Tankis 7930 kam~3 x|
8 E Bz BEAM tempimas (B1)

g b P3 D_BEAM 0.013 in =l

10 b Pa L_BEAM 25,5 in =l

i1 E}p P& Tempimo jega modalinei analizei 123.75 M

12 b Pi1 Morimas daznis 329,63 Hz

* rp Mew input parameter New name Mew expression

14 B Output Parameters

15 = ﬁ Metiesine stygos stiprumo analize (A1)

16 pd P13 Mizeso itempiai IB2L.T5 MPa

17 pd P14 Maziausios plastines deformadijos 0.0093335 mm mm™-1

18 pd P15 Tigaamziskumas (ciklais) 6, 2635E+06

19 = BEAM modaline analize (C1)

20 pd P10 Total Deformation Reported Frequency | 331.85 Hz

3.4 pav. Parametry jvedimas
Name 1 2 3 4 5 6 7
e} (B) (G (D) (A) (E) (B)

Extra Super Light (8-38) .008 |.010 |.015|.021 .030 .038 =~=
Extra Super Light Plus (8.5-39) 0085 | .0105 | .015 022 032 038 ==
Super Light (9—42,52) 009 011 | 016 | 024 032 042 052
Super Light Plus (9.5-44,54) 0095 0115 | .016 | .024 034 .044 .054
Super Light w/Light Bass (9—46,56) 008 1 .011 | .016 026 .036 .046 .056
Light (10-486,56) 010 .13 | .017 | 026 036 046 .056
Light Plus (10-48,58) 010 .13 |.017 |.028 .038 .048 .058
Medium (11-493,59) 011 | .014 |.018 | .028 .038 .04 .059
Light Top / Heavy Bottom (10-52,60) 010 .13 | .017 | 030 042 052 060
Medium Plus w/Wound G String (11-52,60) .011 | .014 |.020 .030 .042 .052 .060
Heavy (12-54,62) 012 | .016 | .020 | .032 042 054 .062
Extra Heavy (13-56,65) 013 .17 | .026 .036 .046 .056 .065
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Likusieji parametrai:

e P11 (Norimas daznis) — jéjimo parametras, kurj keiciant, apskai¢iuojamas parametras P5
(éga);

e P16 (Tankis) — nekintantis parametras, reikalingas parametro P5 skai¢iavimui. Tai AIS1 304
plieno tankis;

e P13 (Mizeso jtempiai) — jtempiai, reikalingi stygos stiprumo nustatymui;

e P14 (Plastinés def.) — stebint §j parametra zinoma, kokia deformacijy dalis negrjztama;

e P10 (Bazinis daznis. Moda) — modalinés analizés rezultatas. Turi mazdaug sutapti su
parametru P11;

e P5 (Tempimo jéga) — jéga apskaiciuojama pagal 3.3 formule [21]

2
F = u(2fL)* = p=- (2fL)?; (33)
¢ia: p — medziagos tankis, d — stygos diametras; L — atstumas tarp jtvirtinimy

Svarbus stiprumo skai¢iavimo aspektas — baigtiniy elementy tinklelio ktrimas. Paprastai
apvalaus skerspjiivio detalé dalijama j lygias sijos elementy dalis. Naudojant ,,SOLID* elementa,

cilindrinei detalei parenkamas ,,SWEEP* tinklelio kiirimo metodas (3.6 pav.).

—|| Scope
Scoping Method Geametry Selection
Geometry 1 Body

—|| Definition
Suppressed Mo
Method Sweep
Element Midside Modes | Use Global Setting
Sr/Trg Selection Automatic
Source Pragram Controlled
Target Pragram Controlled
Free Face Mesh Type Al Tri
Type Element Size

Sweep Element Size | 3.5 mm

Sweep Bias Type Mo Bias
Element Optian Solid

3.7 pav. Stygos modeliuotos ,,SOLID* elementais BE tinklelio parametrai
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25 coliai (635 mm)

§>|— ;%;F _

3.8 pav. Stygos jtvirtinimo ir apkrovimo schema

Styga jtvirtinta tarp dviejy atramy. Vienas galas jtvirtintas standZziai, antras gali slinkti tik

iSilgai bazinés aSies. Slankiojan¢iame gale uzdedama jéga F (parametrai P5 ir P6 Zr. 3.4 pav.).

Optimizavimo parametrai:

Method Mame Adaptive Single-Objective
Mumber of Initial Samples 3

Maximum Mumber of Evaluations 40

Convergence Tolerance 1E-06

Maximum Mumber of Candidates 1

E " Optimization
E Objectives and Constraints

&) SeckP13 =585MPa

= Domain

E Ez BEAM tempimas (B1)

(b P3-D_BEAM &

b P4-L_BEAM F

B Bz Metiesine stygos stiprumo analize (A1)

(b P16 -Tankis [l
[ P11-Norimas daznie /\__\/\

3.9 pav. Optimizavimo parametrai ir tikslas

Norint rasti stygos trikimo daznj, susikuriamas optimizavimo blokas, kurio parametrai pateikti
3.9 pav. Naudojamas ,,Adaptive Single-Objective” metodas, nes uzdavinio tikslas apsiriboja tik
stiprumo ribos jtempio pasiekimu. Sis metodas veikia gradiento principu, nustatoma priklausomybé
tarp parametry veréiy ir optimizavimo rezultaty. Pagal nustatytus Kriterijus programa gali isrinkti
vieng ar daugiau rezultaty, kurie tenkina uzbréztas ribas arba yra arti norimo tikslo pasiekimo. Daznio

diapazonas (zr. 3.5 pav. parametras P11) nustatomas viena oktava aukstesnis nei bazinis daznis:

e 0,013 colio skersmens styga 329,62 Hz — 659,24 Hz;
e 0,017 colio skersmens styga 246,94 Hz — 493,88 Hz;
e 0,020 colio skersmens styga 196 Hz — 392 Hz.
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3.4. Analizés rezultatai

Pirmiausia atliekami kiekvienos stygos bazinio derinimo stiprumo skaiCiavimai, pries tai
susikairus kelis parametry variantus ,,Design point“. Analizé atlickama dviem stygy tipams: ,,Extra

Super Light“ (labai lengvos) ir ,,Extra Heavy* (labai sunkios).

3.5 lentelé. Storiausiy ir ploniausiy stygy analizé

Mizeso

Stygos D, Stygos ) Tempimo jéga, Teorinis ANSYS Plastinés

Nr. . L,in . . itempiai, B
mm D, in N daznis, Hz daznis, Hz deformacijos
MPa

DPO 0.3302 0.013 25.5 123.754 329.63 331.847 382.756 0.009
DP1 0.4318 0.017 25.5 118.768 246.94 250.053 210.210 0
DP 2 0.508 0.02 25.5 103.560 196 199.96 132.647 0
DP 3 0.2032 0.008 25.5 46.865 329.63 330.955 382.756 0.009
DP 4 0.254 0.01 25.5 41.096 246.94 248.652 210.210 0
DP5 0.381 0.015 25.5 58.252 196 198.800 132.647 0

Optimizavimo rezultatai:

e 0,013 colio skersmens stygos nutrikimo daznis 402,793 Hz;
e 0,017 colio skersmens stygos nutrikimo daznis 403,506 Hz;

e 0,02 colio skersmens styga pasieké vienos oktavos riba prie 558 MPa - daznis 392 Hz.
3.5. Aukstesnio derinimo stiprumo patikrinimas

Siame poskyryje bus atliktas stiprumo skai¢iavimas SeSioms stygoms analogidkai kaip
ankséiau. Siuo atveju papildomai atliktas vienu tonu aukstesnio garso stygos tempimo jtempiy ir
plastiniy deformacijy skaiciavimas. Papildomas skai¢iavimas atliekamas, siekiant patikrinti
alternatyviojo (aukstesnio) derinimo stipruma. Siuo atveju stygos derinamos vienu tonu auki&iau (Zr.

2.1 lentel¢):

e E4(329,63) - F4 (349,23);
e B3(246,94) - C3 (261,63);
e G3(196) - A3 (220);
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Analogiskai kaip optimizavimo uzdavinyje sukuriami keli skai¢iavimo variantai (Design Points)

pagal dazniy ir skersmeny skirtingas vertes. Skaiiavimo rezultatai pateikti 3.6 lenteléje.

3.6 lentelé. Stiprumo skaiciavimo duomenys ir rezultatai

St D St T i jé Teorinis Plastiné
os D, 0s empimo jega, astines
Nr. Yo yg L, in pHmo 18 daznis, Mizeso jtempiai, MPa .
mm D, in N deformacijos
Hz
DPO 0.3302 0.013 25.5 123.754 329.63 382.756 0.009
DP1 0.4318 0.017 25.5 118.768 246.94 210.210 0
DP 2 0.508 0.02 25.5 103.560 196 132.647 0
DP 3 0.2032 0.008 25.5 46.865 329.63 382.756 0.009
DP 4 0.254 0.01 25.5 41.096 246.94 210.210 0
DP5 0.381 0.015 25.5 58.252 196 132.647 0
DP 6 0.3302 0.013 25.5 138.908 349.23 434.681 0.013
DP 7 0.4318 0.017 25.5 133.319 261.63 231.370 0
DP 8 0.508 0.02 25.5 130.474 220 167.121 0
DP9 0.2032 0.008 255 52.604 349.23 434572 0.013
DP
10 0.254 0.01 25.5 46.131 261.63 230.988 0
DP
1 0.381 0.015 255 73.392 220 166.749 0

IS 3.6 lentel¢je pateikty rezultaty matyti, kad plastiné zona atsiranda tik ploniausiose stygose.

IS praktinés pusés pastebéta, jog nuovargio kakliukas pirmiausiai atsiranda prieSpaskutinéje ir

paskutingje stygose (ploniausiose). Taigi teoriniai skaiciavimai atitinka praktinius pastebéjimus.

3.10 pav. pateiktas stygy tempimo jégos ir jtempiy priklausomybés grafikas, kuriame matyti,

kad didziausias jégos skirtumas norint pasiekti vienu tonu auks$tesnj daznj yra storiausios stygos

atveju (0,02 colio), maziausias — vidutinio storio (0,017 colio).
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Jégos ir jtempiy priklausomybé kintant dazniui ir stygos skersmeniui
500

450

_.-A
400 A ~ 349.23Hz
‘ .
350 329.63 Hz
© 300
[a W
= - m -D=0.02
‘® 250
3 .//0 —e—D=0.017
2, 200 261.63 Hz
246.94 Hz - A- D=0.013
______ |
L T —
B--"" 220 Hz
100 196 Hz
50
0
100 105 110 115 120 125 130 135 140 145
Jéga, N

3.10 pav. Stygy tempimo jégos ir jtempiy priklausomybés grafikas

3.6. 18vados ir rezultaty apibendrinimas

Siame skyriuje atliktas akustinés-elektrinés gitaros dviejy tipy stygy stiprumo skai¢iavimas.
Analizé atlikta stygoms, skleidzian¢ioms aukstus tonus (E4, B3, G3). Zemiems tonams skleisti
naudojamos stygos, susidedancios i$ plonos plieninés gijos (Serdies), apvyniotos plona kitokio metalo
viela. Stygos, susidedancios i§ Serdies ir apvijos yra plastiSkesnés ir stipresnés. Joms nuderinti
reikalinga Siek tiek didesné tempimo jéga nei paprastose stygose. Jeigu tokia styga biity be apvijos,
zemiems dazniams pasiekti ji turéty turéti didelj skerspjiivi (masg). Tokios stygos akustinés savybeés
buty labai silpnos, dél didelés masés jy standumas buty labai didelis, 0 grojimas jomis pasirodyty

labai nepatogus.

Atlikus tyrimg pastebéta, kad mazéjant stygos masei, jai nuderinti reikalinga mazesné tempimo
jéga. Kuo plonesnés stygos, tuo gitaros korpusg veiks mazesni jtempiai ir derinimo prietaiso sliekinés

perdavos momentas bus mazesnis.
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Auks¢iausio daznio stygos (maziausio skersmens) virsija takumo ribg jau prie bazinio derinimo
daznio. Plastinés deformacijos salyginai nedidelés ir nevirsija 1,5 %. Kadangi stygos kei¢iamos gana

daznai (kasdien grojant — kas ménesj), tai ilgaamziskumo skai¢iavimai nereikalingi.

Dvigubai aukstesnj (vienos oktavos) daznj pasiekia tik styga, suderinta prie 196 Hz daznio

(G3). Si styga gali virpéti visa oktava aukstesniu garsu ir pagal teorinius skaiiavimus ji nenutruks.
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4. DERINIMO MECHANIZMO PROJEKTAVIMAS

Gitary konstrukcijos jvairios. Skiriasi jy forma, stygy suktuky dydis ir atstumas tarp juy.
Populiariausia yra ,,Fender Stratocaster* tipo elektriné gitara. Daug mazesniy gamintojy naudoja jy
Sablonus kuriant savo gitaras, dél to daug sutaupoma naudojant standartines, lengvai prieinamas

detales.
4.1. Bendra konstravimo apzvalga

Automatinis derinimo prietaisas bus projektuojamas ,,Fender Stratocaster” elektrinés gitaros
tipui. Svarbiausi matmenys, pagal kuriuos projektuojamas prietaisas — tai gitaros korpuso skyliy
skersmenys derinimo mechanizmui montuoti, pa¢iy skyliy i§déstymas ir atstumas tarp jy. Korpuso

brézinys pateiktas 4.1 pav., o tikslesnis $ios elektrinés gitaros darbo brézinys — ketvirtame priede.
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4.1 pav. Gitaros korpuso svarbiausi matmenys [23]

Stygy suktuko skylés skersmuo 8 mm. Kartais naudojami derinimo prietaisai su didesniu
10 mm velenu. Jeigu nuperkama netinkama detalé, paprastai skylé padidinama iki 10 mm. Derinimo

prietaisas projektuojamas taip, kad tikty tick 8 mm, tiek 10 mm montavimo skyléms.

Turbut pats svarbiausias projektavimo aspektas — tai variklio ir perdavos parinkimas. Variklis
parenkamas pagal didziausig sukimo momentg ir darbing jtampa, kad galima biity parinkti tinkama
maitinimo Saltinj. Kadangi styga grojimo metu turi biti jtempta, tai naudojama sliekiné perdava.
Tokiu atveju po stygos nuderinimo variklis bus nukraunamas ir tempimo jéga veiks perdava o ne pati

variklj.
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4.2. Veleno stiprumo it variklio galingumo skai¢iavimas

Variklis parenkamas pagal momentg. Jo apsukos turi biito kuo mazesnés, kad galima biity
1Svystyti kuo didesnj; sukimo momentg. Sukimo momentui apskaiCiuoti reikalinga maksimali
tempimo jéga ir velenélio skersmuo, ant kurio uzvyniojama styga. Velenélio konstrukcija parodyta

4.2 pav.

4.2 pav. Velenélio konstrukcija

Auks¢iau parodyto veleno konstrukcija standartiné, jiS naudojamas daugelyje gitary.
Svarbiausias matmuo paryskintas. Ant lanko formos kakliuko uzvyniojama styga. Skylé @ 2mm
skirta stygos fiksavimui. Zinant kakliuko skersmenj, galima apskaiiuoti reikalinga sukimo momenta.
Kadangi ankstesniame skyriuje atlikta tik trijy stygy analiz¢, o ritémis apvynioty stygy tempimo jéga
skiriasi, tai pasitelkiama stygy gamintojy Saltiniuose pateiktomis tempimo jégomis visiems stygy

tipams. I$samesné informacija pateikta prieduose.

Stygos gaminamos i§ jvairiy medziagy, dél to tempimo jéga gali Zymiai skirtis. Sunkios ir
didelés tempimo jégos reikalaujancios stygos paprastai sunkiai prieinamos ir variklio galingumas bus
skai¢iuojamas pagal 0,052 storio nikelio apvijos stygg, kurios tempimo jéga 230 N (gamintojo
pateikta - 51,7 svary).

Zinomas kakliuko skersmuo ir tempimo jéga. Apskai¢iuojamas pasipriesinimo momentas (4.1

formul¢):
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MS=F'

N |

= 230 -2 = 345 Nmm (4.1)

Kadangi velenélyje yra jtempiy koncentratorius (fiksavimo skylé skersmens susiauréjimo
vietoje), tai atlickamas patikrinamasis skaic¢iavimas ,, ANSYS Workbench* programa. Velenas
jtvirtintas gitaros korpuse ir derinimo prietaise (turi dvi atramas). Stygos tvirtinimo gale veikia
momentas M. Velenas pagamintas i$ neriidijan¢io plieno. Modelio krastinés salygos parodytos
4.3 pav.

A: Static Structural
Stafic Structural
Tirne: 1,5
2016-4-2018:29

. Cylindrical Support 0 rmm

Displacermnent

. Mornent: 345, Momim

4.3 pav. Jtvirtinimai ir apkrova (A — cilindriné atrama, B — ribotas poslinkis X asimi ir posukiai, C —

momentas)

Toliau sukuriamas baigtiniy elementy tinklelis (BE). Tinklelis kuriamas automatiniu metodu,
sutankinamas ties skyle ir skersmens pasikeitimo vietose.

Tinklelis sukurtas automatiniu metodu naudojant ,,tetraedro® baigtinius elementus. Svarbiausi
tinklelio parametrai:

e  Mazgy skaicius — 15585;
e Elementy skaicius — 9381,
e Tinklelio tankumas — vidutinis;

e Tinklelio tankinimas — tankinamos dvi krastinés kakliuko susiauréjimo zonoje ir skylés

vidinis pavirsius.
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4.4 pav. BE tinklelis

Taip jtvirtintame velene veiks Slyties jtempiai skersmens susiauréjimo vietoje, nes styga bus

visg laikg jtempta. Analizés rezultatai pateikti 4.5 ir 4.6 paveiksluose.

A: Static Structural
Equivalent Stress
Type: Equivalent fvon-Mises) Stress
Unit: MPa
Tirne: 1
2016-05-03 1701

161.11 Max
143.21

125,31

10741

83.506

71.605

53.704

35,802

17.501
§.9464e-9 Min

4.5 pav. Mizeso jtempiy grafikas

Grafike matyti, kad jtempiai sglyginai nedideli — 161 MPa. Jie nevirsija leistinos ribos.
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A: Static Structural
Safety Factor

Type: Safety Factor
Tirne: 1

2Ne-05-03 1708

15 Max

10

3
1.7731 Min

0

4.6 pav. Atsargos koeficiento grafikas

Atsargos koeficiento grafikas pristatytas 4.6 pav. Minimali koeficiento verté — 1,77. Tai

reiSkia, kad velenas galés atlaikyti tiek karty didesnius jtempius.

4.3. Veleno antivibraciniy savybiy gerinimas

4.2 poskyryje parodytas velenas pagamintas i§ nertidijancio plieno. Toks plienas labai stiprus, 0
didZiausias jo prana3umas — atsparumas korozijai. Siuo atveju plieniné detalé gali perduoti stygos

virpesius korpusui ir, siekiant to iSvengti, pakei¢iama veleno konstrukcija tokia, kokia parodyta
4.7 pav.

Antivibracine jvore

4.7 pav. Nauja veleno konstrukcija
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4.5 pav. parodytas velenas su uZzmauta Kieta plastmasine jvore, kurios tikslas — malSinti
virpesius ir neperduoti jy i slieking perdava. Jvoré turi biiti pritvirtinta prie veleno (klijuojama), kad

uzmauta styga neprasisukty kartu su ja.

Toks velenas teoriskai silpnesnis nei parodytas 4.2 pav., todél atlickamas papildomas stiprumo
skaiiavimas. Veleno diametras padidinamas, skersmens pasikeitimo zonose dedamas didelis
uzapvalinimo spindulys, kad toks velenas biity stipresnis. Rezultatai parodyti 4.8 pav. Baigtiniy

elementy tinklelis matomas rezultatuose.

Krastinés salygos tokios pacios kaip ir ankstesniame veleno skai¢iavime (zr. 4.2 poskyris), tik
momentas uzdedamas ant jvorés, kuri laikoma nedeformuojamu (standZiu) kuinu. Kontaktas tarp kiiny
standus (bonded). Tinklelio mazgy ir elementy skaicius parodytas 4.8 pav. lenteléje ,,Statistics*.

Pirmas stulpelis rodo jvorés, antras — paties veleno mazgy ir elementy skaiciy.

Statistics
Modes 4812 49122
Elements 2256 29737

B: Static Structural
Equivalent Stress
Type: Equivalent fvon-Mises) Stress
nit: kAP

Time: 1
2Me-05-03 1751

125.41 Max
11143

9754

83.607

69.672

55,738

41,803

27.869

13.934
9.077e-12 Min

4.8 pav. Antivibracinés jvoreés ir paties veleno baigtiniy elementy skai¢ius bei Mizeso jtempiy

grafikas (matomas BE tinklelis — pats velenas)

Maksimaliis Mizeso jtempiai sumazéjo nuo 161 MPa iki 125 MPa. Abi $ios vertés nevirSija
neriidijancio plieno takumo ribos, kuri lygi (priklausomai nuo plieno markés) 220-260 MPa.
Prailginta veleno susiaur¢jimo zona ir padidintas siaurojo kakliuko diametras sumazino tikimybe

itempiy koncentracijai. Atsargos koeficiento grafikas parodytas 4.9 pav.
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B: Static Structural
Safety Factor

Type: Safety Factor
Tirne: 1

2016-05-03 17:54

15 Max
10

5
1.6506 Min

0

4.9 pav. Atsargos koeficiento grafikas

4.4. Variklio parinkimas

Variklio parinkimas — tai labai svarbi Sio darbo dalis. Gitaros derinimo prietaisai labai nedideli,
atstumas tarp jy labai ribotas, todél sunku parinkti tinkama varikli. Norint, kad maitinimo Saltinis buty
prietaiso korpuso viduje (akumuliatorius), geriausiai rinktis 12—24 V servo arba zingsninius variklius.

Galutinai parinktas servo motoreduktorius ,,SERVOCITY MICRO GEARMOTOR*. Variklio
matmenys pateikti 4.10 pav.

™ 8.27 26 (max)

25
®
|

03

2-M1.6 x P0.35 Al os

4.10 pav. Variklio matmenys milimetrais [25]

Sie varikliai gaminami su jvairiais perdavimo santykiais. Jy greitis gali bati reguliuojamas

jtampos diapazone 6—12 V. Galimi Sie variantai:

e 45 aps/min (6V) — 90 aps/min (12 V);
e 55aps/min (6V) — 110 aps/min (12 V);
e 65 aps/min (6V) — 130 aps/min (12 V);
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e 90 aps/min (6V) — 175 aps/min (12 V);

e 140 aps/min (6V) — 270 aps/min (12 V);

e 240 aps/min (6V) — 460 aps/min (12 V);

e 450 aps/min (6V) — 900 aps/min (12 V);

e 1300 aps/min (6V) — 2600 aps/min (12 V);
e 2500 aps/min (6V) — 4900 aps/min (12 V).

Sliekinés perdavos perdavimo santykis 1:20. Galiausiai parenkamas variklis, kurio maksimalios
apsukos 460 aps/min. Tada 460/20 = 23 aps/min. Variklio galia 22 W, maksimalus sukimo momentas

0,141 Nm. Likusieji variklio parametrai pateikti prieduose.

4.5. Sliekinés perdavos parametrai ir variklio galingumo skaifiavimas ,,SolidWorks

Motion* programa

Naudojant ,,SolidWorks* judesiy analizés ir skai¢iavimo priedg ,,Motion Analysis*, galima
lengvai apskaiiuoti variklio jéga, reikalinga analizuojamo mechanizmo judesio suteikimui. Sioje

programoje galima jvertinti trinties salygas bei medziagos kietuma.

Gitaros derinimo mechanizme naudojama sliekiné perdava. Ji projektuojama ,,SolidWorks*

priedo ,,GearTeq" pagalba. Sliekinés perdavos parametrai parodyti 4.11 pav.

Sliekinés perdavos naudojamos mechanizmuose, kur reikia zymiai sumazinti veleno sukimosi
greit] ir padidinti sukimo momentg. Perdavos darbo metu sliekratyje ilgesnj laikg veikia kontaktiniai
itempiai, dél to jis gaminamas i$ stipresnés medziagos nei sliekas [26]. Kai perdava perduoda mazesnj
nei T = 50 Nm momenta, slickg rekomenduojama gaminti i§ E295, E355, C45, 35, 45 plieny, kurie

termiSkai neapdorojami [27].
Metalai ir jy lydiniai, 1§ kuriy gaminamos sliekinés perdavos:

e Kketus — lengvai apdirbamas ir suteikia pavarai ilgaamziskuma;

e legiruoti plienai — perdava ilgaamziska ir atspari korozijai. Tinkamai parinktos
legiruojancios medziagos gali padidinti kietumg ir sumazinti kontaktinius jtempius;

e konstrukciniai plienai — lengva gamyba, perdava atlaiko dideles apkrovas, atspari
virpesiams;

e angliniai plienai — pigas ir stipras plienai, bet lengvai rudijantys;

e aliuminis — naudojamas retai, dél didelio tamprumo modulio;

e bronzos — pigios ir atsparios korozijai. Naudojamos sliekraciy gamyboje;
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e varis — brangus, lengvai formuojamas. Stiprumas didinamas naudojant varing bronza;

e polimerai — perdava i$ polimery maziau triukSminga, atspari korozijai, bet trapi;

e Kkitos medziagos - dazniausiai naudojamos individualiems uzsakymams (pvz.

mediena).

e

vijy

posvyrio

kampa

5

v sgsukos

kampas

_dalijamasjs_'l'._ i
- skersmuo |
5Iie|m
Zingsnis
sliekratio
dalijamasis
skersmuo

—— sliekas

tarpcentrinis
atstumas

sliekratis

4.11 pav. Sliekinés perdavos pagrindiniai parametrai [26]

E GearTeq 2016 - [ WeormGearSet01 in Sliekine |

File CAD View Insert New Component Tools Help

CRUSHNIEeOF B L HCePLe @AIEIFO 3L BEED D

I+ ++

[E]- Assembly: Sligkine

e’

i.. apWormGearSet011
e |WnrmGearSet[]1 j

Mumber_of _Teeth 20
Mumber_of Threads 1
Diameter_Pitch_Gear 7.500mm
Diameter_Pitch_Worm 2.650mm
Worm_Outside_Diame 3.400mm

Center_Distance 5.075mm
Face_Width 2.000mm
Length_Worm 7.100mm
Direction_Gear Right_Hand

Gear_Outside_Diamete 8.534mm
Contact_Ratio 1.758
~ fPressure Angles
Pressure_Angle 20.18325deg
Pressure_Angle_Morm 20.00000deg
v g Tooth Form
Addendum_Modificatic 0.000
Addendum_Modificatic 0.000
Addendum_Modificatic 0.000mm
Bedd o s Lo difimnbie N Ao

e Gear Data

WormGearSet0l, x-5.736mm y:4.442mm r7.254mm  d:14.509mm

WormGearsetol

0.00 0.00

60.0 {active)

EW:= 420 NS:= 350.0

4.12 pav. Suprojektuota sliekiné perdava ir jos parametrai
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4.12 pav. pateikta slickiné perdava, suprojektuota naudojant ,,SolidWorks* prieds ,,GearTeq".

Svarbiausios perdavos charakteristikos:

sliekracio dantuky skai¢ius (angl. number of teeth) — 20;

e slieko vijy pradziy skaicius (angl. number of threads) — 1;

e sliekracio dalijamasis skersmuo (angl. diameter pitch gear) — 7,5 mm;
e slieko iSorinis diametras (angl. worm outside diameter) — 3,4 mm;

e tarpcentrinis atstumas (angl. center distance) — 5,075 mm.

Turint suprojektuota veleng ir slieking perdava, galima atlikti judesiy analize ,,SolidWorks

Motion* aplinkoje. Judesiy modeliavimo schema pateikta 4.13 pav.

»Motion* aplinkoje nustatytas kontaktas tarp slieko ir sliekrac¢io. Nurodytos medziagos, i$§ kuriy

pagamintos Sios detalés ir tepimo salygos (zr. 4.14 pav.)

n =460 aps/min'

T=0-345 NmmI

4.13 pav. Judesiy modeliavimo schema

44



Material ~
$=5 | steel (Dry) v
$=3 | steel (Dry) -
Friction A

‘I-*k 10,16 mm/s

..‘IL 0.25

Slippery Sticky
Static friction

1,*5 0.10 mmy's

M |03

Slippery Sticky

4.14 pav. MedZiagos ir trinties salygos

Judesiy analizés laikas lygus 2 s. Tiek laiko pakanka, kad programa pateikty rezultaty grafikus.
Po dviejy sekundziy variklis i§jungiamas. Sliekiné perdava savistabdé, todél i§jungus varikli jis turéty

sustoti ir momentas sumazéti iki 0. Rezultatai pateikti 4.15 pav.

21

Power Consumption? (watt)

t t t t t t t t
0.00 0.20 0.40 0.50 0.20 1.00 1.20 1.40 1.60 1.20 2.00
Time (sec)

4.15 pav. Reikalingos variklio galios grafikas (perdava netepama)

Auks¢iau pateiktame grafike nurodyta variklio galingumo priklausomybé nuo laiko. Velenas
apkrautas kintamu momentu, kurio verté artéja maksimalios vertés link. Tokiu badu parodomas realus
stygos tempimo atvejis. Po 2 s variklis i§jungiamas ir momentas sumazéja iki 0.

Toliau atlickamas skai¢iavimas su pakeistomis sliekinés perdavos darbo salygomis. Priimta,

kad sliekratis tepamas. Siuo atveju sumazéja trintis slicko ir sliekradio kontakto zonoje, reikalinga

mazesné variklio jéga (zr. 4.17 pav.).
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Material B
":E| Steel (Greasy) ~

8= | steel (Dry) “

Friction S

1’;.,- 10.16 mm/s

..‘IR 0.05
Slippery Sticky

Static friction

Vs 0.10 mmy/s

;15 0,08

Slippery Sticky

4.16 pav. Pakeistos tepimo sglygos

wn

S
|

Power Consumption? (watt)
(=]
]

i i i i i i i i i
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
Time (sec)

4.17 pav. Reikalingos variklio galios grafikas (perdava tepama)

IS 4.15 ir 4.17 pav. pateikty grafiky matyti, jog netepamai sliekinei perdavai reikalingas 21 W,
o0 tepamai — 15 W galios variklis.

4.6. Sliekinés perdavos stiprumo skai¢iavimas

Naudojant ,,ANSYS Workbench* programg tikrinamas sliekinés perdavos stiprumas. Dviejy
sgveikaujan¢iy detaliy stiprumo analize (slieko ir slickracio) galima atlikti naudojant ,Static
Structural (statiné analizé) arba ,, Transient Structural® (pereinamoji judesiy analize¢) skaiiavimo

blokus.

Itempus styga, slieking perdava veikia pasiprieSinimo momentas M (Zr. 5.1 formulé). Styga
visg laika jtempta ta pacia jéga, todél apkrovimas statinis. Daroma iSvada, kad stiprumo skai¢iavimui

pakanka statinés analizés skaic¢iavimo bloko (4.18 pav.).
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= Static Structural

Iu

#* Geometry

w

N 1
B Geometry ‘\2
Geometry 3

4

[T |

Engineering Data  +"

&
Bl Geometry v 4
@

Madel v 4
5 ﬁ Setup ¥ 4
6 Solution v 4
7 @ Results v .

Static Structural

4.18 pav. Sliekines perdavos stiprumo skai¢iavimo blokas

Sliekratis bus gaminamas is konstrukcinio plieno (angl. structural steel). Tokios rasies plieno
markés pasizymi dideliu stiprumu ir atsparumu virpesiams. Sliekui parinktas E355 plienas.

Krastinés sglygos atvaizduojamos kinematinémis poromis, t. y. sliekratis ir sliekas gali tik
apsisukti apie savo asj. Visi kiti posiikiai ir judéjimo kryptys suvarzytos. Ant sliekracio vidinio
pavirSiaus uzdedamas pasiprieSinimo momentas Ms. Krastiniy sglygy schema pateikta 5.18 pav.

B: Static Structural
Mornent

Time: 1.5
2016-04-2819:07

. Revolute - Ground To SK_WormGearset0l_worm-1
. Rewvolute - Ground To SK_WormGearSet0l_wheel-1
. Moment: 345, N.mm

4.19 pav. Sliekinés perdavos stiprumo skai¢iavimo blokas (A ir B — sukamosios

kinematinés poros, C — momentas)

Tarp slieko ir sliekracio parenkamas tinkamas kontaktas. ,,ANSYS Workbench* programoje
yra Sie kontakto tipai:
e bonded - laikoma, kad abi detalés sujungtos nevarzomai. Tai tiesinis kontakto tipas;
e no separation — panasus j ,,bonded*, bet detalés gali truputj keisti padétj viena kitos
atzvilgiu;
e rough — detalés laikomos kaip atskiri kiinai, bet negali judéti viena kitos atzvilgiu;

e frictionless — detalés gali judéti, trintis nevertinama;
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o frictional — kontaktuojancios detalés gali judéti, vertinamas trinties koeficientas. Kai

trinties koeficientas didesnis nei 0,2, gali atsirasti skai¢iavimo problemy.

Visi anks¢iau minéti kontakto tipai, iSskyrus ,,bonded”, netiesiniai. Dél to, kad apkrova statiné
ir sliekiné perdava savistabdé¢, galima naudoti tiesinj kontakto tipa arba ,,no separation“. Siame
skai¢iavime pasikliaunama ,,n0 separation kontaktu. Apkrovus patj slieka, siiloma naudoti ,,no

separation®, ,,frictional* arba ,,frictionless“ kontakto tipus.

B: Static Structural
Equivalent Stress
Type: Equivalent (van-hdises) Stress
Unit: MPa
Tirme: 1
20M6-04-2812:12

139.3 Max
123.82

10834

02,864

77387

61.91

46432

30,955

15.477
4.8178e-7 Min

4.20 pav. Mizesio jtempiy grafikas

4.20 pav. matyti, jog ekvivalentiniy Mizeso jtempiy maksimalios reik§més nevirsija 140 MPa.

Tokios perdavos stiprumas pakankamas, matmeny didinimas nereikalingas.
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4.7. Derinimo mechanizmo kinematiné schema ir prototipo gamyba

Il
z=20
T=345 Nmm_

(M
Nv=2 W S
n=440 aps/min

4.21 pav. Derinimo mechanizmo kinematiné schema
Derinimo prietaiso prototipas pagamintas be sliekinés perdavos. Prie variklio movos pagalba
jungiamas velenas, ant kurio uzvyniojama styga. Tai padaryta siekiant patikrinti, ar paties variklio

pakanka stygos tempimui. Prototipo valdymo elektriné schema parodyta 4.22 pav.

Maitinimas 6-12V

N

(o] (o]
X X
I LM317MABT + Radiatorius
IN OUT| . 6 ST
GND

a) »_JT/WS—OX*?
5

ADJ

1C2 ' -
e s Variklis
3' 1
H,Jrz—o X1-1
2o b
Su
S1

GND

4.22 pav. Prototipo elektriné schema

Prototipas tvirtinamas prie elektrinés gitaros ,,Stratocaster” (zr. 4.23 pav.)
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4.24 pav. Variklis, prijungtas prie valdymo plokstés
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4.24 pav. Mova ir velenas, ant kurio vyniojama styga

4.24 ir 4.25 pav. pateiktas pilnas prototipo vaizdas. Prototipas pagamintas tik vienai stygai
derinti. Maitinimas tiesioginis i§ rozetés, transformatorius jtampa sumazina iki 12 V. Potenciometras

gali papildomai sumazinti jtampa iki 6 V. Keiciant jtampg, galima reguliuoti variklio greit;.
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5. ISVADOS

e [Sanalizavus literatiirg, susipazinta su gitary konstrukcija, akustikos pagrindais ir nuspresta
derinti gitarg pagal daznj. Derinimas pagal tempimo jéga netikslus, nes tempimo jéga kinta
priklausomai nuo stygy eksploatacijos laiko.

e Vienas svarbiausiy derinimo prietaiso parametry — tikslumas. ISmatavus stygy virpéjimo
daznius, apskaiciuota prietaiso ,,ZOOM G5 derinimo paklaida, kurios maksimali verté
0,876 %. Projektuojant automatika reikia atkreipti démesj j tai, kad projektuojamo prietaiso
paklaida nevirSyty 1%.

e Atlikus stygy stiprumo analiz¢ nustatyta, kad suderinus ploniausias stygas, jos gali
plastiSkai deformuotis.

e  Optimizavimo biidu apskaiciuoti trijy stygy trikimo daZzniai, kurie lygis:

o 0,013 colio skersmens stygai — 402,793 Hz,;
o 0,017 colio skersmens stygai — 403,506 Hz;
0 0,02 colio skersmens stygai — pasiekiama oktavos riba prie 558 MPa — daznis 392 Hz.

e Siame projekte skai¢iuojamo antivibracinio veleno minimalus stiprumo atsargos
koeficientas lygus 1,65.

e Pagal judesiy analizés rezultatus mechanizmo varikliams reikalinga galia:

0 Tepant perdava — 15 W;
0 Netepant perdavos — 21 W.

e Sliekinés perdavos stiprumas pakankamas. Veikiantys Mizeso jtempiai apkrautoje
perdavoje lygiis 139 MPa.

e |ki Sio momento suprojektuotas automatinis derinimo prietaisas ir pagamintas derinimo

mechanizmo prototipas be sliekinés perdavos.
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PRIEDAI

| priedas. Plieno AISI 304 charakteristikos

NAS , ,
orth American Stainless

Long Products Stainless Steel Grade Sheet
AISI 304
UNS S30400
EN 1.4301

AISI 304L
UNS S30430
EN 1.4307

INTRODUCTION:

Types 304 and 3041 are the most versatile and widely used of all the stainless steels.
Their chemical composition, mechanical properties, weldability and corrosion/oxidation
resistance provides the best all-round performance at relatively lower cost.

These have excellent low-temperature properties and respond well to hardening by cold
working. The carefully controlled chemical compositions of various sub-grades provide a
large range of cold work hardenability, enabling them to suit for various applications by
direct drawing without intermediate annealing. Contact us to suggest a suitable NAS
grade to satisfy your specification.

The 304 types S8 have good welding characteristics. Post-weld annealing is not normally
required to restore the excellent performance of these grades in a wide range of mildly
corrosive conditions. Type 304L SS does not require post-weld annealing and finds
extensive use in heavy-gauge components where freedom from carbide precipitation is
often required.

PROUDCTS AVAILABLE
Wire Rod, Round Bars and equal leg length Angles. See product sheet for dimensions,

tolerances, finishes available and other details.

Standard Chemical Composition:

Elements | C MN P s sl | cR NI
UNS AlSI Min 18.00 | 800
§30400 | 304 Max 08 2.0 0.045 | .030 100 | 2000 | 1050
UNS AlS| Min 18.00 | 8.00
$30403 | 304L oy 03 20 | 0045 | 030 | 100 | 2000 | 12.00




Nominal Mechanical Properties (annealed condition)

Tensile Strength | Yield Strength % Elong | % Reduction Hardness
ksi|MPa] ksi| MPa] 4d in Area HB
85[585] 35[240] 40 50 150

Nominal Physical Properties: The values are at room temperature, unless otherwise
specified.

Density 7.9 kg/m® Mean Co-efficient of | 17.2 um/mK
Modulus of Elasticity 193 Thermal Expansion 0-
100°C
Specific Heat Capacity S00J/kgK Melting Range 1400-1450°C
Thermal Conductivity 16.2W/mK Relative 1.02
(@100°C Permeability®

*Note: This grade is non-magnetic in annealed condition but becomes slightly magnetic
after cold working.

PROPERTIES AT ELEVATED TEMPERATURE

The properties quoted below are typical of annealed 304 only. as strength values for 304L
fall rapidly at temperatures above 425°C. These values are given as a guideline only, and
should not be used for design purposes.

SHORT TIME ELEVATED TEMPERATURE TENSILE PROPERTIES
Temperature (°C)

Property Type|100| 300 | 500 | 600 | 700 | 800 | 900 |1 000|1 100
304 |510| 435 | 410 | 360 | 245 | 135| 75| 40 20
321|525 | 405 | 380 | 335 | 265 | 175|100 | 60 25
304 |220| 145|125 |110| 95| 70
321/210| 165 | 140 | 130|115 | 95
304| 52 40| 36| 35| 35| 37| 42| 73 96
321| 50| 43| 37| 37| 48| 68| 62| 62 87

Tensile Strength (MPa)

0.2% Proof Stress (MPa)

Elongation (% in 50mm)

MAXIMUM RECOMMENDED SERVICE TEMPERATURE

(In oxidising conditions)

Operating Conditions Temperature (°C)

Type 304 321
Continuous 830 830
Intermittent 800 800




[PROPERTIES AT SUB-ZERO TEMPERATURES]

The properties quoted below are typical of annealed CS304 only

Temperature (°C) 20 0 -10 -50 | -100 -140 | -196

Tensile Strength (MPa)| 616 885 976 | 1101 | 1281 | 1368 | 1609

0.2% Proof Stress (MPa)| 255 242 240 236 222 246 231

Elongation (%) 70 64 55 50 42 41 38

Impact Energy (J) 217 204 194 194 168 160 168
FATIGUE PROPERTIES

When looking into the fatigue properties of austenitic stainless steels, it is important to
note that design and fabrication—not material are the major contributors to fatigue
failure. Design codes (e.g., ASME) use data from low-cycle fatigue tests carried out on
machined specimens to produce conservative S-N curves used with stress concentration
factors (klc) or fatigue strength reduction factors (kt). In essence, the fati gue strength of a
welded joint should be used for design purposes, as the inevitable flaws (even only those
of cross-sectional change) within a weld will control the overall fatigue performance of

the structure.

The curve bel ow shows a typical 5-N curve for 304 stainless steel.
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ANNEALING

Annealing of types SS304 and SS304L is achieved by heating to above 1900°F for 60
minutes per inch thickness followed by water quenching. The best corrosion resistance is
achieved when the final annealing temperature is above 1900°F. Controlled atmospheres
are recommended in order to avoid excessive oxidation of the surface.

STRESS RELIEVING

The lower-carbon grade (3041.) can be stress relieved at 850°F to 1100°F for 60 minutes
with little danger of sensitization. A lower stress-relieving temperature of 750°F
maximum must be used with 304 SS with longer soaking times. If siress relieving is
carried out above 1100°F, there is a serious threat of grain boundary sensitization
occurring with a concomitant loss in corrosion resistance.

HEAT TREATMENT

Annealing: Parts can be annealed at 1900°F-2050°F held for minimum 60 minutes per
inch of thickness and water quenched. Prolonged exposure between 800°F—1500°F must
be avoided to prevent embrittlement and loss of corrosion properties.

This grade does not harden with heat treatment.

COLD WORKABILITY

304/3041. can be readily cold worked. Strain-hardening rate will vary depending on
chemistry. Operations such as drawing, forging, upsetting and bending are common.
Severe forming may require intermediate annealing.

MACHINABILITY

Like most other austenitic steels. these grades machine with rough and stringy chips;
therefore, chip curlers can be beneficial. NAS provides a special chemistry balance for
bars with improved machinability. Contact NAS for details.

WELDING

304/3041. SS types have good welding characteristics and are suited to all standard
welding methods. Either matching or slightly over-alloyed filler wires should be used.
For maximum corrosion resistance, the higher carbon type SS304 should be annealed
after welding to dissolve any chromium carbides which may have precipitated. The weld
discoloration should be removed by pickling and passivation to restore maximum
corrosion resistance.

CORROSION RESISTANCE

304/3041. SS have excellent corrosion resistance in a wide variety of corrosive media,
including foodstuffs, sterilizing solutions, most organic chemicals and dyes and a wide
variety of inorganic chemicals. Iso-corrosion diagrams for 304 in sulfuric, nitric,
hydrochloric, phosphoric and acetic acids are shown below.

In service, acid corrosion may be either inhibited or accelerated by the presence of other
chemicals or contaminants. The reaction of a material to all the possible service variables
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can not be fully assessed in the laboratory. Consequently, tests have been carried out in
pure acid solutions and are intended only to provide a guide to general uniform corrosion

in this media. In situ testing will provide more reliable data for material selection.

20 40 60 80 100
% Acid by Weight

SULPHURIC ACID Type CS304 NITRIC ACID Type CS304
— 100 L i —
(]
< 10 g 100—" " ot © B
E E bo.hnq
5 2 80— —
B s
g g 60— —
5 s 40— =
[ =

: : : 20 m— = . :
0 20 40 60 80 100 0 20 40 60 80 100
% Acid by Weight % Acid by Weight

HYDROCHLORIC ACID Type CS304 PHOSPHORIC ACID Type CS304
_ 120 o
g 100 g
v boiling point W™ o
g 80 2
e g
g N a
E E
g ¢

20 :

5 10 20 20 40 60 80 100
9% Acid by Weight % Acid by Weight

ACETIC ACID Type CS304 KEY
. 120— mils per year mm per year
o
< 100— S
@ boiling point curv <1 <.03
2 80—
m
g 60— 1-5 .03-.13
E
g = - 5-30 13-.75

B >.75
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PITTING RESISTANCE

Pitting resistance is important, mainly in applications involving contact with chloride
solutions, particularly in the presence of oxidizing media. These conditions may be
conducive to localized penetration of the passive surface film on the steel and a single
deep pit may well be more damaging than a much greater number of relatively shallow
pits. Where pitting corrosion is anticipated, steels containing molybdenum (such as 316L.)
should be considered.

The diagram below shows the critical temperature for initiation of pitting (CPT) at
different chloride contents for §8304, S8316 and SS2205 types.

100 y Y Y T T T Y
1 1 1 ] 1
1 | | 1 |
I 1 1 I I
1 1 1 1 1
| 1 | 1 |
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1 I
1 1
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E ] 1 ]
1 1 |
3 I i
M 1
—_ 1 1
L 40 -1 T
- | 1
= 1 1
s | i i
I | |
I 1 | 1
e e | o | P gl ||
I 1 I I I I I
I 1 1 | | I 1
1 ! No Pitting! 1 I 1 I
I |/—|— 1 ! I |
I I I 1 I 1 1
0 1 1 I | | 1 1
0.01 0.02 0.05 0.10 0.20 0.50 1.0 2.0
Cl-(%)

Pitting resistance equivalent numbers (PREN) are a theoretical way of comparing the
pitting corrosion resistance of various types of stainless steels. based on their chemical
compositions. The PREN (or PRE) numbers are useful for ranking and comparing the
different grades, but cannot be used to predict whether a particular grade will be suitable
for a given application, where pitting corrosion may be a hazard.
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INTERGRANULAR CORROSION

Sensitization may occur when the heat-affected zones of welds in some austenitic
stainless steels are cooled through the sensitizing temperature range of between 850°F
and 1550°F. At these temperatures, a compositional change may occur at and near the
grain boundaries. If a sensitized material is then subjected to a corrosive environment,
intergranular attack may be experienced. This corrosion takes place preferentially in the
heat-affected zone away from and parallel to the weld. Susceptibility to this form of
attack, often termed “weld decay”, may be assessed by testing per ASTM A262, Practice
A&E.

In the more severe nitric acid test, some weldments in 304 may exhibit slight
intergranular corrosion. For service in the as-welded condition in severe chemical
environments, 3041 would be recommended over 304.

ATMOSPHERIC CORROSION

The atmospheric corrosion resistance of austenitic stainless steel is unequalled by
virtually all other uncoated engineering materials. Stainless steel develops maximum
resistance to staining and pitting with the addition of molybdenum. For this reason, it is
common practice to use the molybdenum-bearing 316 SS grade in areas where the
atmosphere is highly polluted with chlorides, sulfur compounds and solids, either singly
or in combination. However, in urban and rural areas, 304 SS generally performs
satisfactorily.

STRESS CORROSION CRACKING

Stress corrosion cracking (SCC) can occur in austenitic stainless steels when they are
stressed in tension in chloride environments at temperatures in excess of about 140°F.
The stress may be applied, as in a pressure system, or it may be residual arising from
cold-working operations or welding. Additionally, the chloride ion concentration need
not be very high initially, if locations exist in which concentrations of salt can
accumulate. Assessment of these parameters and accurate prediction of the probability of
SCC occurring in service is therefore difficult.

Where there is a likelihood of SCC occurring, a beneficial increase in life can be easily
obtained by a reduction in operating stress and temperature. Alternatively, specially
designed alloys, such as duplex stainless steels, should be used.

61



300

aspfE==m = e e

200

1s0f—-—b-1--—-—— -~ ——-

Temperature (°C)

CS304L !
Cs316L !

50 b o]

I
l
I
I
|
1 10

CI(%)

Resistance to stress corrosion Cracking (laboratory results) for SS304L, SS316L and
S52205.

DISCLAIMER

The material contained in this Web Page/Sheet has been designed as a guide for
customers of North American Stainless. However, the material contained herein is not
intended as a substitute for any person’s procedures and should not be used or relied upon
for any specific or general application without first obtaining competent advice.
Furthermaore, North American Stainless disclaims any responsibility for the suitability of
the steel in question for any particular purpose or for the performance or selection of the
steel, unless North American Stainless specifically authorizes the purpose or selection.
The material contained in this Web Page/Sheet does not purport to be a comprehensive or
exhaustive statement of all relevant material applicable to special and general steel
products and no representation, condition or warranty, express or implied, is given by
North American Stainless as to the accuracy or completeness of this Web Page/Sheet and,
so far as is permitted by law, North American Stainless, its members, staff and
consultants disclaim any duty of care in relation to the preparation of this Web
Page/Sheet and the information that it contains and shall not be liable for any direct,
indirect or consequential loss, damage or injury suffered by any person, howsoever
caused as a result of relying on any statement in or omission to this Web Page/Sheet and
any such liability is expressly disclaimed. North American Stainless shall not be liable in
the event of a breakdown, malfunction or failure occurring due to faulty design, material
or workmanship of the steel, whether based on the information contained herein or not,
and shall not, under any circumstances, be liable for any damages, either direct or
indirect, particularly consequential damages, including but not limited to damages for
loss of profits.
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Il priedas. Stygy gamintojo ,,D‘Addaro* stygy charakteristikos

’I:ﬂs brochure was created o assist in
selecting the ideal string for your instrument
and playing style. Included in this brochure
are tension tahles and formulas to help you
calculate what tension a particular string will

have on your instrument.

Introduction

Technical Reference for fretted instrument string tensions
Guitar and Bass Fingerboard Legends

String Tensions

Acoustic or Electric Guitar
Pedal Steel Guitar
Acoustic Guitar

Classical Guitar

Folk Guitar

Electric Bass Guitar
Acoustic Bass Guitar
Mandolin Family Strings
Banjo & Loop End Strings

- o~ O
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Understanding what determines string tension.

In order to determine the tension at which a string will vibrate, you need three pieces of
information: the Unit Weight, the Scale Length, and the Frequency of the string. You can use
the charts in this brochure to get a pre-calculated tension for the D'Addario strings listed or
you can use the formulas below to calculate the exact tension for any string using the scale
length of your particular instrument. All of the charts illustrate string tensions for each

string at a variety of pitches, in case you use alternative tunings.

UW- LUnit Weight, In all the charts and formulas in the brochure, unit weight is
expressed in pounds per linear inch (Ibfin).
L- Scale Length. This is the vibrating length of the string. This is determined by

measuring the distance from the nut to the bridge of the instrument in inches (in).

F- m@n&mﬁm This is the pitch at which you will be tuning the string

expressed in cycles per second (Hertz).

On the following page are two fingerboard graphics detailing the various
frequencies for the standard guitar and electric bass quitar,

To caleulate the tension of a string in pounds use the formula below,

inserting the three variables described above:
T (Tension) = (UW x (2 x L x F)) /3864

lo convert the result into Newtons, simply multiply by 4.45.

If you know what tension you want the string to have, you can calculate the string
unit weight. You can then use the charts in this guide to locate a string with

approximately the same desired unit weight.

UW (unit weight) = (T x 386.4) / (2 x L x F)
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Scale Lengths
lo calculate the exact tension for a string on your instrument, measure the scale length (nut to
bridge) of your instrument and then use the formula on the previous page. The following scale
lengths were used to determine the string tensions found on the tension charts in this brochure.

Acoustic/Electric/Classical Guitar = 25 1/2*

Electric Bass Guitar (Superlong Scale) = 36"

Electric Bass Guitar (Long Scale) = 34"

Electric Bass Guitar (Medium Scale) = 32"

Electric Bass Guitar (Short Scale) = 30"

Mandolin = 13 7/8°

Mandola = 15 7/8"

Mandocello = 257

Mandobass = 42"

Banjo = 26 1/4" (19 5/8" for bth string)

Guitar and Bass Guitar
Fingerboard Legends

Use these graphics to determing the 1seSering—]o ”:-““’l—h' :“E'-'“’ = :‘%-””-‘}_"" :‘990”’ F—or ”.""‘”’ —————
frequency (in Hertz) of the pitch you 2nd Suring—], gq!gpq_gu- xE[_u He —]o z]?:[u Heb—T|ar 295[.? He f—]ar 3]1:5_1 L ———————
an lnoking lor Standarditlnings 3rd String—y - 1'.1!0 Hz |—[nn-2ur£.er|—| a-?ZEIUHx }—[as-zsnh He p—t b-?-!];[!!Hx —_——
Wl&"ll';\—{d.ua'nll; '—'dl-1£.6||y'—| W 1s]1|||y }—'{.\rl-.lslly '—'M-HEIIII: —_——
Sth SUINGad A 11.uol|x|—|.i\« 1|1-L'..‘.u.vr—1ri w];.lr.ll.v f— ¢ 1Zl|l;|!l||1 e 2 15.5“;]— -_——
Pitch Notation fvm&"ﬂq—'r.w! Hz '—[r.uEm,— HF#.!-J]'.:’[E.II: HG.QEOW HG#.\E&EIII:_ -

¢ (Middle ¢} = 261.6 Hz

MNote Above = o

Mur f Opan st Fror Znd Frot Ard Frot 4th Fror

were used for all guitar and electric

bass guitar frequency measurements,

Guitar Fingerboard Layout

(Standard Tuning)
Note Below = b
i Mur f Opan s Froo 7nd Frat ard Frat Ath Frar
Octave Above = ¢ " 1
Octave Below = ¢ 19!5(rln9—|r.. 1308 Hz of - 1366 Hx d - 1468 Hx d# - 1556 Hr - 1646 Hr I——-—-—

2 Octaves Below = C nd 5"""9—{(: !-JEUH: ]—'G; 1|El:u|||z|—[.'\ 11]alon.v l—'m 'I|'I-|N..‘x||r]—||'! v];lw,- }— ---------
3 Octaves Below = C* 4-5tring 3!“-‘"“9—{0-7?4& ]—[IJF-?HIH Hg]—[k-ag v ¥ -ST|.:|3 He ]—|u-a]2:.[5r-!_v e
Lot 4“'5“'“9—{A'-55'uw]—[;-\&'-2.3Hz]—[e'-sr.[er —c -Eflle |—|c.¢-e];[.3Hz ———

S S G arsz |—[F-4E_[vH_v |—{n'-4E[.3H; }—[u'.z.Eln He '—[GF'-S]:‘I[.DHx]_ ——

ﬂmst"nn—|a'--30.m |—4C'-3|z_!er ]—|cr-l_t|.; HzHD'-sls_!? Hz HD#'-lsl.BHz_ -

Bass Guitar Fingerboard Layout

(Standard 6-String Tuning)
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_ XL - Nickelplated Steel Round Wound
liem# Uni Weight b a g i e d c B

HWOT/ 00003524 | M3 M3 80 64 b

Plain Steel - Lock Twist NWOIE 00006715 255 202 161 128 M4 90 12 64
liem# Uit Weight g L & 4 g b a g HWmy oooead] 285 2.6 180 143 124 101 8.0 il
PLOOS ooo0tosy M2 89 1 6.3 L] 15 35 2.8 N0 00007495 M4 194 154 137 10.9 8.6 il

PLOGB 0000418 47 116 104 82 BY 58 46 37 HWOZ  0000R3 340 2.0 24 170 152 120 96 85
PLOGBS 0000601 166 131 117 93 74 B6 52 41 HWOR  0000M® 377 29 A7 188 168 133 106 o4
PLO0Y 00001794 186 M7 131 104 83 14 58 A6 HWOM 00010057 M6 384 281 23 198 158 125 111
PLOGSS 0001999 207 164 146 M6 92 &2 65 52 WWWR6 000N - 413§ B0 22 184 M6 130
MO0 00002715 29 182 162 129 102 91 72 57 lem#  Ulkiaw | e d ¢ B A G F
PLOOS 000022 253 00 178 M2 T3 100 80 63 HWOR 0000666 301 68 213 169 151 19 95 75
PLOTI 00002680 2.0 220 196 156 123 M0 &7 B9 WW 001736 34 N5 B0 W8 17 W0 M1 BB
PLOTIS 00007930 303 20 214 120 135 120 95 76 NWOR 0001947 307 34 81 23 199 158 125 49
PLOT2 00003190 330 %2 233 185 M7 131 104 82 HWOM 0007100 M3 95 33 M9 22 16 M0 111
PLOT3 00003744 37 07 24 NI T2 4 122 97 NWO% 00026 492 438 MB 206 M6 105 155 123
lem#  UntMeit & ¢ b a g | e 4 HWO® 0061 M3 484 384 05 22 26 11 136
PLOTS 00407 234 186 166 132 104 &3 T4 59 hem# Mg ¢ b A G [ L D ¢
PLOTY 000032 252 00 W8 M1 T2 89 79 63 HWOX® 0000 322 87 28 181 M3 128 101 80
PLOTS 0000191 289 230 05 162 129 102 91 72 HWORz 00321 32 %1 63 209 166 M8 1T 93
PLO6 00005671 329 261 233 185 MJ 16 104 82 HWWOM 0003182 405 361 27 227 180 161 128 101
PLOT7 0000642 32 295 263 209 166 131 17 93 HWOE 0003816 M0 302 311 M7 196 15 13 110
lem#  UnaMeigt b 2 g [ e d ¢ B NWMS 0041362 477 425 BT %8 22 189 10 119
PO 000077 25 234 186 M7 131 104 83 74 WWOI9 0000M 495 M2 B0 28 21 10 156 124
PLOTY 00007997 328 261 207 164 M6 16 82 B2 WWO2  0M8100 554 494 32 ;1 MP 20 14 139
PLOZ0 00008861 364 289 29 182 162 129 102 01 lem#  UniMegt A 06 [ L D ¢ B K
lem#  UntMeigt 3 0g L e 4 ¢ B A HWOM 000533 439 3B 26 M6 195 15 18 10
PLO2Z 00072 M9 200 20 196 156 123 10 BF NWOS6 0005798 469 372 285 %3 09 166 ME 117
PLO24 0012760 416 BO 62 B3I WS M 131 104 HWOSS  0006N91 523 415 329 23 283 185 164 131
PLOZ6 0004975 488 T 307 44 27 122 154 122 WWOGD 000662 M2 420 M1 304 21 192 11 13

- - NEOR2 0007067 56 457 363 33 26 204 181 144
m SiHE ! S!Eo! 'dl erecg’._TW'St E ¢ £ £ 1 MW 000M9BA 611 485 385 33 212 76 192 153
KPLOOD 0001784 186 147 131 104 83 74 5B 46 NWOE 00079838 €51 516 410 365 B0 B0 W5 163
EPLOTO 00002715 229 182 162 129 102 91 2 g5j NWOR  00OBGM GRS M7 434 387 307 M4 DT T2
WO oo 217 20 196 16 13 1o 87 ce MO0 00088M  J27 5.7 458 408 34 7 29 182
W02 oo 3o %2 23 MR M7 11 l04 ap MOZ 000M14 767 608 483 430 31 21 A1 192
W03 s 87 0 24 1 112 A T2 ap WO 00088 805 B8 507 452 39 285 A3 201
e RO F 1 g, MEB0 00OT BT M4 B0 %6 AT BT M 23

Unit Veight o [ a g

EPLOT4 00004342 - 72 W00 1WA M1 Mz as 19 63 XL - Nickelplated Steel Round Wound Steinberger
KPOTG 00005611 329 761 233 185 M7 6 104 B?  hem#  UntVkige b 2 q i ¢ A ¢ B
WLOT7 00006402 372 295 263 209 166 131 T 93 SWWOM 000085 A6 34 281 23 198 18 125 111
KPLOZ0 00008861 515 408 364 289 229 182 162 129 SHWO6 00012671 13 N8 W0 B2 1B UG 130

. ! Item Unit Weight | e d c B A G i
IF: :j'r;‘ Stee'unh'ig”nh'e Ball E”I‘.j ; i i WWOR  00M93) 37 B4 M1 23 198 158 125 99
Mems Uit Weight g L e a L 13 a 1
POE 000 186 W7 131 104 83 T4 58 dp WS 002364 492 438 M8 26 M6 195 185 123
P00 0007715 29 182 162 129 102 91 g2 5y lem#  UntVbigt ¢ E- & & I £ D ¢
QN o068 2717 20 196 156 13 10 87 6o W0 00om2 32 BT %3 209 166 Ms 1T 93
G0 oM BT 307 24 A7 V2 154 12 oy WO 00086 40 P2 H1 AT W6 TS 133 M0
Item# Unit Weight ~ d' e b a q { e d  XLS - Stainless Steel Round Wound
SO 00006M 320 261 23 WS WI 16 104 B2 hemd  UntVeige b p g [ e
PO 0000G402 372 295 263 09 166 T3 T 93 WG0IB 0000588 270 A5 170 135 120 96 76 68

XSGO20 00007919 8 W0h w2 WL Mh 4] 8.1
XSGO21 0ooogrrg - - 6 1 180 160 27 101 9.0
XSG0z2 00009731 39.9 &1 I I S| N VX B T mnz 0
XSG024 0001150 Hh o N1 w6 N0 6T 132 N8

n KSGOZ0 om3ang - LK B Y A - TS KT | & T T F A



XLS - Stainless Steel Round Wound

ltem# Un Weight [ e d c

G078 00015193 18 783 15 118
KSGO30 00018203 374 333 264 na
WGO32 00020398 N9 33 96 35
XSGO34 00022729 466 M6 330 262
KSGO36 00025198 517 461 6 200
G038 0007 1804 - 508 403 30
ltem# Unit Vgt ¢ B A 6

HSGO40 0003104 358 na 73 201
HSGO? 00033924 391 ki kS 2HhH nsy
XSGO46 00040096 462 412 327 %9
JAHITE) 00043387 500 445 33 280
XSGO50 00046816 539 481 31 303
XSG052 00050382 580 5.7 1.0 16
Items# Unit Beight A G i £

NSG054 00056388 459 365 289 258
XSGO56 00060297 491 10 309 16
KSGOTO 00092592 754 509 475 123

Half Round - Stainless Steel Half Round

ltem# Unit Woight 2 g [ e
HRGOZ2Z 00011271 367 291 31 206
HRGO? 002850 N9 3132 264 345
HRGOZ6 00014750 381 303 270
ltem# Unit Wight | e d ¢
HRGO30 Q0018370 389 M 25 na
HRGO3Z 00021100 433 W6 06 M3
HRGO36 00025650 526 6.9 312 2945
ltem# Unit Vlight ¢ B i} G
HRGO39 00029700 34.2 305 .2 192
HRGM? 00033900 385 M3 212 ne
HRGMG 00039810 458 409 324 i
HRGOS? 00019500 470 508 403 30
HRGOYG 00056700 653 ha? 162 36.7

Chromes - Stainless Steel Flat Wound

ltem Unit Weight b a [ i
CG020 0o0/e2 32 254 02 1640

06022 00009784 N9 B3 W
06024 00011601 a8 300 18

L6026 onsM - M2 B 279
liem# Unit Weight g { 3 d
L6078 Q004683 380 301 %68 A3
(6030 00016956 439 M8 30 M6
(6032 00019233 407 305 32 279
(6035 Lopner 626 497 442 3]
llem# Unit Weight o c B A
(G038 Lo0zes20 35 305 22 26
LG40 0031676 460 365 35 258
(6042 0003377 499 306 33 280
(G045 Q0040393 566 465 415 329
llem# Unit Veight & G £ 3
(G048 Q0043641 365 281 223 199
(G050 Q047042 363 304 M1 nb
£6052 00049667 45 321 a0
(6056 00069075 481 362 303 270
£6065 00089364 128 518 A58 408

B
159
187
09
233
259
85

159
174
206
73
%0
%8
D
204
79
36

163
187
74

195
i
263

152
11
204
4
211

[
13
179
n?
M8

169
195
221
219
G
111
205
22
261

158
111
180
714
324

A
126
148
166
185
205
26

142
155
183
198
214
30
162
174
2.1

[4
130
14.8
170
135
112
209

136
153
182
726
758

nai3
142
168
144

151
174
197
18

136
163
176
.7

125
135
143
170
2l

G
100
18
132
141
163
180

n3
123
45
157
170
183
B
144
155
P

s
132
151

123
136
166

108
121
144
180
06

1

40
n3
134
156

120
138
157
197

121
145
157
185

n2
121
10
151
79

- o

1.9
9.3
1045
mni
129
"3

8.9
9.8
n5
125
135
15
1n5
123
189

o=
b=

104
120

8.1
108
132

B.6
9.6
145
"3
163

8.0
100
1n9
139

945
10
124
156

9.6
n5
125
16

9.6
101
120
182

XLS - Stainless Steel Round Wound Pedal Steel

liem##.
SPs074
SPS026
PS030
liemi#
SPS034
$Ps036
$Ps038
lem#
SPS0?
SPS054
ltem##
§P3070

Phosphor Bronze - Round Wound (EXP Coated and Uncoated)

ltem#
PBO20
PBO21
PBOZ2
PBOZ3
PBO24
PBOZS
PBO?6
PeO27
liemi#.
PEO?9
PBO30
PBO32
PBO34
PBO35
PBO36
liemd.
PBO39
PEOIZ
PBI45
lem#.
PBOAT
PBO49
PBO52
PBO33
PBO56D
PBO59
PBOGO
PBOG2
PROGY
PBOGH
PBO70

Unit Weight
00011500
A0m3ng
00mars
Unit Weight
0022729
00075798
0027804

00033924
00056388

Unit Weight
00092592

Uit ‘n‘kljn
00008106
00006544
00009676
00010801
00011662
00012686
00073640
00014834
Unit Weight
0007381
00018660
0002108
00023887
00025365
0026830

Unit Vibight
00031125
00036722
00041751
i Y
00045289
00049151
00055223
00036967
00063477
00070535
00073039
00077682
00082780
00087716
00096633

o
302
342
LI
e
316
ni
46.0
i
b
524
G
5.1

b

405
4.3

{
i
383
LER

521
451

¢
358
12.3
481

il
36.9
40.0
45.00
464
i
5h
505
63.3
674
n4
18.9

]
76.9

314
176
d#
35
30
410
A
780
466
L#
482

a
264
2.1
3.2
in2
341
13
M4

e
3.8
Ml
384
3.0
46.4
49.0
B
30
3
429
4
703
na
nd
36.8
1.0
5.6
472
h0.2
535
56.7
62.6

1#

.0
8.0
39

d
298
311
3.5
A
%0
1.5
L
430

g
7.0
21
%5
2.9
302
328
33
384

4
2.2
21
30h
g
36.8
B9

A
%4
299
340

£
3.2
3.2
03
9.2
126
362
35
309
425
5.0
49.7

f
n3
PIR]
B3
c#
.6
4
5
G#
73
.0
L
3

[
16,6
184
203
2
.0
26,0
78.0
304

¢
200
5
mna
b
02
309

&
201
ni
2710

£
20.7
25
%2
26,0
8.0
n?
334
35
318
401
443

[
19.0
.2
301

c
237
262
29.0
G
198
330
D#
Al

e
4.8
164
181
19.7
N4
2.2
Mn9
1

B
1.8
19.2
7.6
M
26,0
145

I
16.0
18.8
74

D
164
178
200
207
2.0
2.6
26.5
282
300
3.8
31

d#
10
198
738
B
71
234
%38
L#
17
04
D
304

d
1.8
130
143
13.7
169
184
19.8
.5

A
1.2
15.2
LAl
195
0.7
N9

3
1.2
168
191

[}
13.0
1.2
159
164
183
0.3
7.0
224
238
03
29

d
151
176
peX]
M
18.8
08
B

151
6.2

Al

c
9.3
10.3
14
124
135
146
151
11
G
n2
121
136
154
164
13
i
1m3
133
151
B
1.6
126
142
146
16.3
181
187
199
N2
5
4.8

ot
134
157
ni
16.7
18.6
205

M0
33

1

9.2
101
LAl
120
130
.0
152

8.9
9.6
108
123
13.0
138

9.0
10,6
12.0

9.2
10.0
n?
1n6
129
A
.9
158
16.9
179
1.7
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Flat Tops - Phosphor Bronze Polished Great American Bronze - 85/15 Brass Round Wound
ltem# Unin Weight 2 g { 1 d ¢ B A lem# Unit Weight b i 1 i e d c B

F1023 00017568 09 325 M8 B0 187 WA 128 W02 MR 000MB0? 02 318 3 01 WA W2 T3 100
Fl024 O0MI3651 445 383 280 /0 1R 157 M0 M MM 00011594 378 W0 BB N2 168 B4 M
Fl076 015894 - M1 326 M1 A1 183 163 129 7w 0001592 - M0 6 B8 B0 183 MH 129
F028 00017209 561 M5 33 35 B0 198 TI7 WO TG 00013536 M1 B0 WB WT N6 156 139
ltem# Unit Vieight | e d ¢ B A 6 Eoo lem# Uni Vieight | e d ¢ B A 6 i

FI030 001878h 06 362 287 W8 A3 161 128 101 1WR0 00078507 380 338 268 713 10 11 120 94
F1032 00023852 489 436 346 M5 M5 194 4 122 MR 00020839 428 381 302 M0 M4 0 1BS 107
FI035 0027781 - 508 403 30 25 26 180 M3 WM 00023316 478 426 3B B9 MBI 190 1 120
FI036 00029273 601 K35 425 BT 301 B8 18 150 TWOR 0002610 505 450 37 283 23 00 1h9 126
ltem# Unit eight ¢ B A G 3 E D C Tw036 00026045 534 476 378 300 267 22 168 134
F1039 0032904 379 338 268 A3 163 150 T8 05 few#  UntWeide ¢ B A [ E Dt

Fio42 00036219 7 32 M5 B4 186 166 131 104 1WA 00032631 376 35 w6 N1 167 M9 s 94
044 o047 473 421 B4 WY AT 188 M8 118 W2 0003573 M2 3T 91 21 183 163 1300 103
FIdS 00042603 491 431 i Wy Ny 19h 1By 123 T 00038985 449 400 NE B2 00 s M n?
ltem# Unit Weight A 6 f E D ) B L WS 00040665 468 417 31 263 09 W6 W7 17
47 00046166 376 298 237 A1 167 133 NS 94 TWMG 00042565 490 437 M7 2L N8 19 14 123
053 00055793 454 361 286 255 202 161 M3 14 llem# Unt Weight A 4 f E D ) B N
FT056 00064708 522 M4 39 N3 B2 WS 164 131 TW0N0 00050824 M4 329 %1 232 184 M6 1300 103
W02 00054686 445 354 281 20 198 17 MO0 13
80-20S- 80/20 Brass Round Wound T 00058694 478 319 301 268 M3 169 R0 120
ltemd# Unit Weight b a g i e d c [ Ooo6ze47 w2 406 32 287 28 11 61 128
BWO20 00007862 . b 203 16.1 44 14 91 8.1
BWO21 00008631

. P T2 R VT |- B A 11 8.9
BW022 00009600 394 33 M8 WT 16 1Y 1 9.9 _
BW0Z3 00010508 437 My 42 ne 1wz 12 108

D024 00011353 W N4 B3I 08 WS 131 1T Pro-Arteé - Laser Select Clear Nylon (EXP Coated and Uncoated)

BWOZ5 0012339 02 Ny B3 6 WY M2 T lem# Unit Weight e d [ b a g i
BW026 00013253 - 132 33 212 M2 19.2 153 136 1430 00002024 166 148 1.8 9.3 8.3 6.6 52 42
BT 0014387 469 32 Wy W3 W0I 66 4B M302 00002729 74 W0 158 126 M2 E] Al 1]
liems# Unn Weight [ d c B A G I3 14303 000525 31 33 6.3 08 186 g .7 93

e
Bi029 00016838 346 308 244 194 173 137 08 86 MOVEXP 00002243 184 164 1300 103 92 13 58 46
030 00018092 31 31 62 W8 186 W7 7 93 402D 0000346 250 223 L7 0 125 99 18 6.3
037 00070352 M8 37 Mh XA 09 166 132 104 MAOVEXP 00004989 409 365 790 230 05 163 129 102
B34 00022752 467 416 330 262 234 185 47 T MMOVERP 00002092 172 153 121 96 8.6 6.8 54 43
B35 00074006 493 4389 38 26 M6 196 1h5 123 MMVDP 00002877 232 200 164 130 M6 92 13 58
B036 00025417 522 46b 369 293 261 207 164 130 MA0IEXP 000M679 384 M2 27 N6 192 12 9.6
ltem# Unit Veight ¢ B i G I3 E D C M6OVEXP 00002161 1R7 158 125 w0 B9 10 56 44
B39 00030063 346 309 25 194 14 37 08 B7 MEZENP 00002974 MO0 N4 100 135 1200 95 16 6.0
042 00034808 400 3BT 284 15 179 159 126 100 MEOY¥EXP 00004795 304 381 WA 221 197 156 124 98

BAMS 00040245 463 413 38 260 206 184 ME 16 401 0000097 172 183 121 96 B6 68 54 43
Item# Unit Meight A G i i D [ O (R I/ 000027 232 A0 WA 1O M6 92 13 5B
BHOST 00043634 355 282 24 183 B 126 M2 8 473 004679 384 342 22 M6 192 182 121 46
BWMO 00047368 386 306 M3 A6 172 136 121 06 el 000060 157 188 125 100 89 10 86 44
BWOS? 00053224 434 A4 23 M3 193 153 136 108 1802 0000924 20 214 100 135 1200 95 76 6D
BWOS3 00054852 447 35 81 A1 199 158 M1 12 14803 0004795 304 381 8 21 197 136 124 98

BW056 00061132 498 305y N4 WY R N6 N 124 1N 000011 147 188 12h 0 0 8d 10 A 44
059 00068005 554 A0 38 3T AT 196 174 138 15102 00002924 M0 N4 10 135 120 95 1.6 6.0
15103 00004795 394 3/ A8 11 1T 186 124 98

ProsArté - Laser Select Black Nylon

1490 00002092 172 13 1 96 8.6 6.8 LY 4.3
14902 oooozezr 2 200 164 130 M6 92 13 ha
14903 00004679 384 342 22 N6 192 12 1 9.6
1500 0000161 1 1h8 0 125 00 8.9 10 56 44

15002 00002924 240 N4 W0 135 120 95 16 6.0
15003 0000479 394 357 8 W1 100 16 124 98




Pro+Arté - Silverplated Wound

ltems# Unn Weight 4 4 B A G t £ D

14304 0000703 148 mni7 045 8.3 6.6 57 a1 kWi
14305 00015347 1 18 128 9.9 19 Lo 5.6
14306 0078881 - - - 235 187 143 132 105
14404 00011237 163 129 115 9.2 13 5.8 51 41

14405 00019521 00 159 126 W0 89 11

11406 00034351 - - - - - 116 151 125
14504 00010754 156 124 10 B8 10 55 49 39
14505 00086 - - 189 150 ns 94 84 6.7
14506 00030632 - - - - 198 147 4.0 ni
J4604 00011237 163 129 115 9.2 13 58 51 41

14605 000951 - - 200 159 76 100 8.9 i1

14606 00031726 05163 Ms NS
14904 00010754 156 124 M0 B8 10 (37 49 39
14905 000816 - - 189 150 ns 94 84 6.
14306 00030632 198 17 Mo 1
L5004 0001237 163 129 NS 92 13 2.8 51 41

15005 00019521 . . 00 159 126 W0 89 A

15006 00031726 - - . . 05 163 MS NS
Pro+Arte - Flat Silverplated Copper Wound

15104 00013029 189 150 134 106 84 67 6.0 4.7
15105 0002035 0.1 164 130 103 92 13
15106 00035008 180 60 12T
ProsArte - 80/20 Brass Wound

14704 000616 154 122 109 8.6 6.9 54 49 38
14705 00 199 118 141 nz 89 19 6.3
14706 00029100 B8 145 133 106
11804 000737 163 129 1.5 22 13 58 51 4.1

14805 omean - - 184 148 ns 9.3 8.3 6.6
14806 00030632 L O LY N LY B IR |
Pro+Arté Composite - Trebles

liem# Unn Weight [ [ 4 [ b a 9 [

14403¢ 00005298 435 387 308 M4 N W3 137 109
14503 00004795 394 3B 2B @1 197 156 124 9.8
146030 00005066 416 30 294 33 208 165 131 104
Pro+Arté Composite - Silverplated Copper Wound

ltem Unit Weight 4 4 B A G £ £ ]

14404 00011581 168 133 14 94 15 59 53 42
14405C 00020381 - 735 09 166 132 105 93 i4
144066 00036758 B8 1!y 168 133
145040 00009858 143 14 m 8.0 6.4 51 LR 36
14505¢ 00017925 06 184 M6 N6 92 82 6.5
14506¢ 00033257 - - . . A VA B Y A A |
146040 00011030 160 127 13 9.0 11 51 50 4.0
J4605C 00020381 B35 W) 66 132 108 93 14
J4606¢ 00035226 - . . P22 S N N | Y B VA
Pro+Arté Composite - Silverplated Copper Wound & Lightly Polished
LRI 00009582 139 1.0 9.8 1.8 6.2 19 LR} 35
14505LP 00017066 - wroms o 1By Mo a8 18 6.2
14506LP 00031288 - - . . ALV | % N O S I B
leap 00MMe 162 124 1.5 a1 1.2 Al a1 4.1

14605LP 00019830 78 W4 62 129 702 91 12
J4606LP 00033914 AT VI S X, VA

D‘A_ddar'ro Classic - Rectified Clear Nylon

liem# Unit Weight [ 3 4 [ b
128m 00002065 169 157 120 945 8.5
12802 00002900 238 712 168 134 119
12803 000602 348 337 MBS N2 189
1290 ooomeze 158 M1 112 8d 19
12902 00002803 230 205 163 129 115
12903 00004486 368 328 P60 200 184
1300 00002065 169 151 120 95 8.5
13007 00002900 38 N2 68 134 MA
13003 000602 - 348 337 M7 N2 189
I31m oooogzs4 187 167 133 05 94
1307 00003072 - M8 2 1h 138 124
13103 00004989 409 365 290 230 205
D’Addario Classic - Flat Sterling Silver Wound
liem#* Unit Weight o 3 B 4 G
12804 000m030 60 127 M3 90 i1
12805 00021363 7 138
12806 00031726 205
D'Addario Classic - Silverplated Copper Wound
12904 00010203 148 1.7 105 83 6.6
12905 00015347 LR ¥ B VAT 8
12906 00028681 18.7
13004 00010606 154 122 109 8.6 (i)
13005 00018416 e 1m0 118
13006 00030194 195
13104 0001132 e 133 M8 94 i4
13105 00019153 17 1m6 124
13106 00031176 - - 205
Rectified Clear Nylon

ltem# Unit Weight g, r 3 [ [
HYL08 00000916 95 15 6.7 53 42
NYL0T9 00001070 106 8.4 Ih 59 1.7
Y020 ooomie Mg 93 83 6.6 52
Y021 ooomze 129 102 41 12 57
Y1072 00001368 147 nzy o 19 b3
HYLO24 ooomezs 168 134 119 95 15
NYz¢ 00002060 M3 168 15 120 945
HYL028 ooooe1e 229 182 162 129 102
Y029 00002377 M6 195 174 138 109
HYL030 00002543 763 08 W6 M8 Mg
Y031 0000ere 281 223 199 158 125
HYL032 O00o2e4 299 238 N2 168 133
ltems# Unit Weight ¢ 4 < b a
HYL033 00003078 225 179 M2 126 100
HYL034 00003260 239 190 150 134 106
HYL038 000pq081 - 298 237 188 167 133
NYL039 00004298 314 250 198 106 140
HYLO40 ooon4s2 331 263 208 186 147
L4 00004751 MF o 6 18 195 155

a
6.7
94

150
63
91

146
6.7
94

150
14
948
163

£
ol
1.0
16.3

52
19
14.8
54
94
15.5
59
9.8
163

38
12
4.6
51
56
6.7
85
91
9.8
104
ni
n9

8.0
84
106
1
.7
123

53
[A]
na
50
1.2
N6
53
1A
na
59
I8
129

o
=M

98
145

4.7
1.0
132
4.9
84
138
23
i)
.5

33
37
41
15
53
6.7
1.2
[
83
85
94

6.3
6.7
84
88
9.3
9.7

42
6.0
94
40
5.8
9.2
42
6.0
94
47
6.2
10.2

40
11
n5

31
5.6
105
38
6.7
1m0
4.2
6.9
A

24
76
249
32
3h
42
53
57
6.1
6.6
1.0
1h

I

6.0

L
19
8.3

8.7

69



Silverplated Copper Wound on Nylon _
liem# Unit Weight g [ [ d c B A G

HYLO 9% 00005341 - o 98 Li 6.2 55 14 35 : s
XL - Nickelplated Round Wound Guitar/Bass
L I e S R T S

HYLO? 2 0006498 - 1ns 94 ih 0f 53 4.2 o L n r n
HWHO24 00009959 783 .2 20.0 159 .2 1.2 84
HYLOZA% 00007408 152135107 &5 T6 60 A3 yumgy  gomges 04 400 BT B3 25 178 Ul

=

NMOZSW 0000028 182 M4 128 102 BT 12 AT A4S yupy  opogps © 68 M8 A0 B0 302 240

WLOZGH 00009438 - . B W M @M I 8 g BN o B W ¥ O B %

RYLO2B 00010511 N6 12 12 11 108 86 68 g _L.mﬂssm Bl BE o W 0 B 4F B

MW - oomeer - < N3 M9 1 0 05 b g 00253 884 463 368 327 260 A6 164 106

W oooend - - 20 1800 M3 128 101 8O g g fg 012665 800 635 504 440 386 83 225 200

BYLO3TY 00012821 63 B4 W6 U 132 W4 83

ltem# Unit eight  d ¢ B i G i L p AL - Nickelplated Round Wound

HLO33W 00017913 06 184 M6 N6 92 82 5 longSale

oW 00019270 - - 98 157 M5 99 s 70 lem? Uni Might b 2 [ ! e d c B

WO 00020667 . 8 14 106 o4 75 MBOWP 00007265 530 421 334 265 236 187 M3 133

WLOIEH 00022105 B0 M3 13 101 o MB2P  000M03 663 521 418 B2 26 24 186 166
it A 6 [ E D § B A bW 00043 08 36 282

llem# Uni Vibighy ;
NG 00028260 - | oMy o1e W Al 1.2 54 lemd Unit Weight ¢ ) 13 14 u L
HYLOATW 00028319 231 183 M5 120 103 82 13 rg  NBOAZ 00032252 660 589 467 3 294 22 08 165

NYLO4ZW 00030466 28 197 156 138 10 &8 78 62 MBOR 00031322 590 468 4T BT %3
MM 000Be - M1 152 121 4% 85 68 lem# Unin Veight ¢ ¢ ] A G [ L D
HYLO45W 00036470 187 6T 132 105 93 74 MBOR2 Loons000 490 388 Mg HHY N 1Y 14 22
NLOSW M0 - .17 189 B0 M8 106 84 XB03s 00022362 517 458 08 R4 BT 04 182 4
HYLOSOW 00015369 . . 213 0F 165 131 6 97 KLBOMO0 00029322 - - 8y 25 BT w7 238 189
HYLOSW 00049500 254 6 180 143 121 101 MIBMAS 00037740 - - 60 M9 28 N0 303 MO
NHOSAW 00053793 - . S 15 15 138 Tio MBSO 00046163 - S8 613 B 424 318 300
NALOSGY 00059624 76 12 183 121 lem# Unit Weight [ £ D ¢ b Y 1] i

MBOSS  000MBI6 500 M5 33 21 20 198 157 12
XB0G0 000660 607 541 429 341 03 M1 191 152
WBOGS 00079569 726 6L 13 A0 %2 88 29 182
_ XBOTO 00018 @50 U50 601 LI A2 3 68 7213
WBOTS  O0IMOT3 %57 853 6L1 5% 478 30 302 240
E:;k NY‘“{;:I‘nﬁE‘I‘l' Er;,d s g g b . g g MW M3 108 M3 MR B4 B9 20 B3 %
BEBOZS 00002161 177 158 125 100 &9 10 56 44 ﬁ?ﬂﬁ ﬂsﬂim! 12,‘1-'9 1%8-‘6 &1{5:2 BE‘-" Gg'-g "%4 a0

BEBOZ? Loooerie 728 03 167 178 n4a 91 12 b1 7 i, n 8 q TE 171
MLE090 sy M4 32 M3 WhH M2 12 U2 b
BEBUO  O0OMS3 400 386 283 24 200 159 126 100 yper e 613 47 W7 M4 23 AT 194 153
Clear Nylon - Ball End NLET00 079687 60 M6 M1 3hH 0 0 B0 W5 163
BECOZE 000713 175 156 124 98 88 70 55 44 XEBIE 0019 718 50 43 403 R0 B4 2T 180
BECOR? 00027 26 201 160 121 M3 90 11 57 XBIO 0020 @3 653 20 462 367 A1 60 206
BECMO 000447 365 325 28 05 182 M5 TS 91 XBLO 00280 %06 N9 2 508 A3 R0 W6 2
80/20 Brass Wound on Nylon - Ball End XB1ZS  O02MSI0 W5 790 BB 58 M3 B2 T4 MU
P y N30 0o3nd41 1093 B6B 690 @13 4B 386 ML N3
e Lo bty e d g i L £ L L MB35 00315944 144 %08 27 @2 S08 404 367 786
BEBOTTW 00011650 N3 168 134 0 94 [£] 6.0 53 : ’ ¥ ) g ) )
XBMS 0036300 1315 1044 830 738 585 465 415 329
BEBOSTW 00018769 ae MW B3 1 56 86 MLB201 00750780 %06 1.9 M2 08 403 30 M6 T
BEBOSW 0003080 - - . . A1 198 18 WM - S S O 3

: MBI 0024810 995 TA0 628 B58 M3 B2 N4 M
Silverplated Copper Wound on Nylon - Ball End WBI30T 00301841 1093 868 690 613 487 346 M5 213
BESOITW 00207 124 78 M 126 100 19 6.3 56wzl 00315944 1144 008 7 B2 W09 404 361 8.6
BESO3TW 00020258 - - A3 W08 165 131 104 A3 yipusT 00363204 1315 1044 830 738 585 465 415 39
BESMSW 00033257 - 2 NS M 182 Short Seae

llem# Unt Vight B A G £ E D ¥ 3
XBO45S 00037240 529 420 33 264 26 18T 48 13
KBOS0S 00049956 7.0 563 447 35 36 B3 198 10T
XBOGSS 00079569 - 87 N2 5 03 M9 NI 2
XBO70S 0010658 - - %4 BT 614 8BS 425 318



XL - Nickelplated Round Wound {cont.)

ltem# Unn Weight ~ © B X G
NROBIS 0716023 462 1.2 3 260
NBO85S On4s122 518 B15 0 408 325
NB1008 mi96a; N6 63.7 506 102
NB1058 00214990 857 763 606 4]
Hedium Scale

lem# Unit Weigt B A [ 3
NBO40M 00029322 414 He Wy B
NB045M 00037740 602 478 319 301
NBO5(M 00046463 151 58.6 473 315
NBOGOM 0066713 86 69 539
NBOGSM 00079569 - 8.0 643
NBOTOM 0009318 949 753
ltem# it Vi L I A [
NBOTSM Amosdor - 418 4245 338 268
NBOBOM 00116023 526 468 W2 N5
NBOG5H narde 518 M5 408 3RS
NRO95M 06838 761 67 538 47
NE100M 0n7ees7 85 15 N6 6T
NB105M 00798395 %00 B0 636 305
Superlong Scale

ltem# i i} Y G £
NROAOS! 00029322 - 46 318 300
NROA5S 00037740 BiLS 480 381
NBO0sL 00046463 [T T VE]
NROGOS! 00066540 - ./ 6.0
NBOG5SL 10079569 B4
NBO70SL 00938 953
ltem# Unit Weigt £ B A G
XBO755L ONM%73 602 536 426 338
NROBIS! 0716023 666 50.3 411 34
NBOB5SL Oma3ne 767 683 M3 4
NBOA0SL Ons7r 862 767 609 484
NRO95S 0069349 912 805 [N M6
NB1006L 0N79687 1031 MAE 728 519
NE10581 AMog3sy M3g 13 B 639
NET08 0022161 1305 67 923 133
ltem Unit Weight A G E E
NB1258 00274810 1MA B85 04 626
NB1306L 003ma41 1225 93 714 6RB
NB458 00363704 M4 10 9 &l
AB12518 0274810 1MA B85 04 626
NB130TSL  003Ma41 1225 973 74 68A
MM 0036324 W4 M0 M 2.7
AL - Nickelplated Round Wound Steinberger
Long Scale

ltem# Unit Weight B i G £
SL045 00037240 680 539 428 MO0
SHLO50 0004663 #8613 534 A
065 0079569 - - Tih
SLO70 Lo0a3ng - - - 85,0
lem# Unit Weight  © B K [
SL080 0116023 594 29 410 133
K085 N33 684 609 484 384
SiL00 0nyeear %20 B8 60 516
05 019839 s 4 Ne S0

[
206
58
320
383

E
71
768
334
480
513

671

ni
235
258
30
364
402

0.1
39
123
60.6
25
k]
269
0.7
M3
385
434
460
508
h83

49.1
56
5.6
49.7
5.6
656

303
318
o7
[

265
306
11
453

E
183
3.0
264
340

D
167
N3
765
w1
54
532
E
190
200
20
302
23
%7

D
72
769
16
181
515
674

E
339
264
304
M2
386
408
12
518

¢
394
413
521
294
43
521

D
M0
300
5.3
60.1

E
236
217
365
403

I8
146
182
5
210

¢
133
169
m
02
3
23
o
150
166
182
M0
1
3

[
168
4
%7
32
457
535

i
190
no
M2
7
306
25
9
1

12
387
465
2
387
6.5

191
238
407
417

187
b
290
320

[
16
45
1148
n4

B
18
10
188
%9
21
36

[
13
132
5
100
204
P71

B
150
190
ni
30
406
476

[
151
166
102
5
"3
%8
785
326

[
219
306
369
719
306
369

110
n2
362
425
148
11

230
254

XL - Nickelplated Round Wound Steinberger (cont.)

ltem#

130 003941
Half Round - Pure Nickel
Lang Scale

ltem# Unin Weight
HHRO30 Jomoai7
HHRO40 J0031672
HHRAS 00039378
HHRO50 J0046898
ltem# Unit Weight
HHRDSS 00058122
HHROGO 0070573
HHROGS 0080500
HHROTO 0096476
HHROTS 0103455
HHROBO 00118785
HHROBS 3z
ltem# Unit Weight
HHROSO 00140885
HHRO95 00166588
HHR100 D@03
HHR10S 00205787
HHR1T0 0720548
HHR130 003441
Short Scale

ltem#

HHROASS 00039378
HHROG5S Q0080500
liem# Unit Weight
HHROBAS RN
HHR1005 85103
Medium Scale

ltems# Unit Weight
HHROASH 00039378
HHROGSM 00080500
ltemd it i
HHROBOM 00118785
HHRT00M 0085103
Superlong Scale

ltem# Unit Weight
HHROASSL 00039328
HHROGSSL 00080500
ltem# Unit Wicht
HHROBOSL 00118785
HHRIO0OSL 00785703
ltem# Uit Wergint
HHRIZ0SL 00307941

8
1093

114
83.0
4
1083
1260

ana
604
67.0
ni
9.8
1093

55.9

1225

G E
ah 8 69.0
Half Round

c B
409 365
ME 578
alh na
9%.0 8.6

E D
412 b
53 455
fd 519
184 622
M1 667
9.5 766
122 8

G [
ALy ks
480 381
02 423
59.0 16,9
634 504
Bes 690

i &
M3 e
907 120

B I
121 135
657 522

A 5
504 400

- 820

B [
419 3
ILN 594

& G
038 507

B L
607 482
M5 1

G £
973 T4

=
6.3

A
289
459
56.9
67.9

01
361
1.2
494
53.0
60.8
0.7
8.6
339
316
n.i
4.8
61.3

219
512
266
114
18
[£X1]
30?2
LYA
02
823
3
596

18
8.7

G
73.0
364
452
539

6.5
322
367
4.0
411
.1
62.9

.1
269
29.8
3
35
4a.7

M9
509
1.1
124
%3
59

M0
31h

[y
386

3
182
289
39
428

.0
255
2.1
19
35
430
50.0

18.0
74
3
6.3
0.2
366

18.7
404

8.8
293

D
75
160

na
333

784
582

211
72

3
433

16.2
iy
.0
381
16.7
203
231
1
07
Al
307

16.1
191
.2
235
%2
5

1ht
321

1.9
232

178
364

10
764

26
462
il
75
B4

B
37

71



Chromes - Stainless Steel Flat Wound

Long Scale

ltem# Unit eight B A6
CBO40 000327116 507 474 378
CRMS 00039763 12.6 516 5.7
CBOS0 00047835 873 693 55O
CBO55 00056760 1036 822 652
CROGO 0007008 - 105 806
CBO6S 00080655 927
CBOIO 000933714 - - 1073
ltem# Uni Meign € B &
CBOTS 00100553 515 458 364
CROB0 Im20M% 618 550 437
CB0gS 00138675 70 632 502
CB0%0 00148896 762 618 539
CBOAS m73es  Bad 89 621
CB100 00189041 968 861 684
(6105 00204302 1046 931 740
CB10 00226455 1159 1032 820
ltem# Unit Weight A G F
(6132 0093 a7 w3 a8
Superlong Scale

ltem# i B iy G
CROA08 00032116 669 531 2.2
CHOA5S 00039763 814 6.6 51.2
CBOGOSL 00070108 136 903
CHOGHS 00080653 - - 103.9
ltem# Unit Weight & 13 &
CBOTSSL 00100553 57T M4 408
CROBOS! AN20119 693 1.7 45.0
CBO95SL 00173288 994 8BS 703
CE10081 008941 1085 966 6.7
liem# Unit Weight A & £
CB132sL 003483 1275 112 80
ProSteels - ProSteel Round Wound
Long Scale

ltem# d 4 &
PB03? 00070465 528 N9 314
] 00079409 - - 57
PSBO45 00036457 66.5
PRB0S0 0042635 813 18
PSBO35 00058296

ltem# Unit eight | £ D
PSBOGO (0067781 618 551 437
PSBOGS 0073365 669 596 473
PsBO70 0006704 794 07 561
PSBO75 00095857 874 719 618
PSBO30 00111879 1020 09 721
P3BO8s nz4034 131 1008 800
ltem# X G E
PSBO30 onsiez M8 435 36
P3BO95 DN56350 A6 450 358

E
pi]
33
836
538
39
136
82
79
i
08
238
1938
M3
507
5.1

638

BY
0.7
ni
2.

324
389
358
609

ne

9.6
2.6
528
61.7
4

ui
36
44.5
49.1
53
63.5

308
.8

E
266
323
389
461
510
655
19

230
26
ni
M0
396
432
46.7
518

506

298
362
639
3.5

58
309
444
484

L
56.8

235
B8
1.9
18.0
61.0

309
334
396
137
510
6.5

244
02

D
1
w6
309
366
152
520
602
204
M5
%2
302
B2
4
415
160

40.2

736
0.1
507
583

L
24
A
35
131

L
451

18.7
268
332
389
53.2

Mh
26,6
35
ni
405
4.9

194
20.0

¢
167
204
pII
PN
"9
03
478
D
162
195
24
0
218
305
09
365

39

18.8
2.8
402
163

162
n8
13
2
B
02

16.6
73.9
9.6
M6
474

1945
211
2.0
5
321
3.6

13
1.9

B
149
181
na
59
319
367
75

129
154
1
191
n?
12
261
290

284

167
203
368
nz?

144
113
ekl
M

N9

132
18.0
235
b
36

155
168
19.9
na
256
0.3

137
142

ProSteels - ProSteel Round Wound (Cont)

liem# Unit Weight &

PSE100 .0NG9349

PE105 [N 83626
PSET0 00718579

P25 J0263432

PSE130 A0277435

P35 03?i3n

Short Scale

ltem# Unit Weight
PSB0A5S 00036457

PIBOGSS J0073365

ltem# Unit Weight
PROB0S 00111879

PIET006 0065349

Medium Scale

M Unit Weight
PIB045M 00036457

PIROG5M 00073365

Iem# Uit Weight
PIBOBOM RUGRNETE]

PSET00M 00160340

Superlong Scale

ltem# Ut Weight
P3E0323 0070465

PIBO406L 00023409

PSE0M5H 0036457

P3BO50SL 0042635

ltem# Uit Weight
PSE0GON 000677181

PIBOGASL 0073365

PSBO 08 RULVHNE)

PIBOTASL 0095857

PIBOBOSL 11879

PB085Y 04034

PSBOA 0N 51387

P3B095Y 056550
PSET008L J0169349

PSET05Y 83626
PIB1106L J0218579

PSET30M 00277435

1.3
66.5
191
95.4
1004
i

9.3
5.0
8.0
980
1268

1.4

63.h

68.7

1.5

8.7
N6

[
187
528
62.8
57
i
9.0

i
1
87

i3
307
601

19.3
813
s
130

18.8
504
5.6
581
704
894

E
mI
42.0
500
60.2
634
na

6
326
65.6

LS
35
41.1

G
3
i

It
359
M3

]
n.9

87.2

49.0
53.0
62.9
69.3
0.9
89.7

388
401
434
LI
56.0
na

E
A
33
44.4
535
564
6.5

X
5.9
521

G
25,0
39

i
295
5.3

¢
W05
431

A
3.2
417
59.2
69.2

¢
389
421
19.9
55.0
.2
nz

E
b
30
386
1.8
49.8
63.2

18
23
2.6
32
425
447
528

711
46,4

199
301

.2
52

2.6
3

764
319
410
5.9

36
35
144
49.0
511
63.3

24
83
30.6
n?
395
501

L
ni
235
8.0
337
355
1.4

18.3
368

17
26.8

208
1.9

201
305

209
301
313
136

LR
298
353
389
454
503

ni
4
n3
763
34
398

B
194
i
i
301
na
34

5
9.2

1.0
n3

165
13

16.0
1.2

186
6.8
1.2
388

.8
236
7.0
30.9
36.0
400

194
201
ni
735
8.0
hh

™
153
16,6
198
38
251
6

124
26,0

LA
16.9

17
26

127
192

4.8
3
764
30.8

114
188
3
4.6
.7
kK]

154
159
1.2
186
&
w1
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Phosphor Bronze - Round Wound

Long Scale
ltem#
PB4
PEROGS
ltem#
PBROGO
PERT00
ltem#*
PERT30

Mandolin

liemd.
1620
16207

16203
16204
liem#
16701
16702
lem#
16703
16704

Uit '.F.E:gn
00041330
00086391

Unit bight
00130940
00197907

D0321696

i Wi
00002215
00004342
00011024
0072308
Uit Wight
0007680
00004342

00011462
00027459

B

L
670
1m3
s
nis

L
7nh
1727

68
M7
£
261
422
£
29

A

598

i3
b9.7
a0z

G
93.3

g
19.2
b

&
719
183
2
316

MB
594

415

i
LK
.6

1.2

'S
15.2
08

190
3
184
28

141
472

3
188
G
316
w9

66.0

¢
121
i

[
150
304
"6
nI

156
314

E
336
02
299
152

523

b
108
ni

134
711
130
71

138
334

D
%56
s
%6
402

1.5

[ix]
168
E]
106
715
103
168

mn
265

£
12
.2

711
na

3

[l
68
133

84
11

82
133

88
7o

168
394

168
03

294

54
106

6.7
136

b5
106

16.7

ltem# Unit Weight [
IHNEP 00002680 267
102X 00004980 485
ltem# it Vil L
10BN 00013550 32.9
TAMEP 00032850
lem# Unit Weight [
[T50VEXP 00002930 785
IT502E%P 00005671 55.1
ltem# it ki L
IT503/ENP 00013550 32.9
JT50EXP 00034500
Mandolin - Flat Tops
ltem# Unit Weight 1
FTi4m 00002680 26.1
FTr4oz 00005313
ltem## Unit Veigt L
FT403 00075681 386
T4 0003205
Mandola
ltem# b
Jism 000049 37
17602 00012640
ltem# Unit Weight 2
17603 0002536 32.0
17604 00055000 694
Mandola - Flat Tops
liem# Unit Weight b
FI760 00005999 382
7602 10073642
ltem# Uni Weight 2
17603 00027838 352
FT7604 00055787 704
Mandocello

b
1780 10011528
|isng 0078330 -
ltem# Unit Weight 4
17803 00056166 44.0
17804 DMAFe 953
Mandobass
ltemd# B
1790 0004605 1282
17902 0071558 -
liem# Unt Wit~ €
17903 059126 1243
17904 00307935 7366

¢
32
132
[
n3
e
4
491

£
79.3

5.9
a
36.1

319
i

1.7
1581

i§
1106
2106

&
184
M3
d
3.3
6h
i
01
39.0
d
3.3
5.3

&
18

d
73

L
0.0

07
437

12545

819
167.3

¢
14.6
"2

185
1.8

[
16.0
304

185
411

449

15.9
10,2

180
3.0
101
34

197
395

1228

b
13.0
n2

165
309
12
76

165
n.9

13.0
5.8

19.3
40.0

11
38
M3
309

110
367

157
34

£
203

D
106
24

511
8.7

555
1056

EN
103
19.2

131
kiR

a
13
na

LKA
33

a
103
205

E]
153
i

12
284
n3
M5

134
307

124
19

161
395
155
317

453
i

49.3
934

[l
82
153

104
%1

9.0
174
4
104
6.4

8.2
16.3

g
122
02

76
101
79
107
M4

11
2

[
128
34
133
30.0

359
559

15

73



Ball End - Plain Steel

liemy# Unit Weight g L e d
1690E 00001790 200 159 1.2 ni3
168028 O00026e0 - 298 238 712 168
liem# Unit Weight b a g [
169038 00003744 166 132 1045 8.3
I6904B 00007830 a6 Ny 174
liem# Unit Weight ¢ b EN [
169058 oooo7e4 196 175 138 10
Loop End - Plain Steel

liemy#* Unit Weight - q (g [
LE008 00018 00 0 B8 126 M2
LEO09 00001794 00 158 42
LE010 00002715 Ml e b
LEOT 00002680 29 B8 N2
LE012 00003190 w6 w3 B2
llem# Unit Weight [ e 4 [
LE0T3 00003744 332 296 235 186
LEO4 00004342 385 M3 272 N6
LE0TS 00004984 42 W4 N3 M8
LEOT6 00005671 503 M8 36 282
LEo17 00006402 368 506 401 319
LEOT D0007TFT 636 i) 120 37
Loop End - Nickelplated Steel Round Wound
lem# Uit 'M:gn c b a []
LECT8W 00006003 66 N1 168
LEO7OW 00007782 - b 03
LEOZ2W 00008679 B3 N2 Me
LEOZ3W 00009739 £#52 M3 M2
LEOPAW 00010857 - - 8.2 303
liemd, it Yeigt g { £ d
LEO76W 00012316 344 713 M3 193
LEOZ8W 000143 400 37 w3 14
LEO30W 00016792 468 32 32 263
LE032W o0sgnz - 528 A9 33 96
LEO34W 00021145 69 417 31
LE036W 00073520 521 164 368
LEO3BW 00076076 - 514 108
LEG40W 00028933 M1 51 453
LE02W 00031703 - 03 626 497
liemy#* it Vel d [4 B 4
LEO44W 00034606 542 430 384 304
LEOA6W 00037640 500 468 AL m
LEOABWY 00040806 639 508 452 359
LEO49W 00042438 665 K28 41 33
LE052W 00047533 51 7 N8
LE0S4W 00053073 831 660 SR8 467
LE056W 00056632 . i 63.0 500
LE059W 00063211 990 7RG 701 556

[
8.9
133

i4
135

87

8.4
1n3
139
168
200

166
192
21
21
284
na

133
161
197
716
1

153
178
09
235
263
293
324
360
394

M7
763
85
296
332
3
g
M1

b
&l
148

5.9
123

18

Al
89
na
133
159
E]
132
13.3
15
200
[7A]
733

1.8
144
175
19.2
N4

131
159
186
710
234
761
788
321
3.7

142
209
126
715
263
294
nh
350

6.3
94

LN
9.7

6.2

6.3
80
9.8
1n9
141

g
105
121
139
158
19
200

94
14
139
153
110

108
126
148
166
186
0
79
255
19

111
186
201
09
235
26.2
81
n2

50
15

4.2
87

49

a
50
6.3
.8
04

n?
8.3
9.6

no

126

.2

153

0

15
9.1
110
121
134

8.6
100
ni
137
48
164
182
02
71

=

136
Wi
160
16.6
186
208
03
18

Loop End - Phosphor Bronze Round Wound

ltem#

LEOT8PE
LEGZ0PE:
LE072P8:
LEOZ3PE:
LEGZ4PE:
ltems#

LEOZ6PE:
LE078P8:
LEO30P8:
LE032P8
LE034PE
LEO36PE:
LEO38P
LEOA0PE:
LEO42PR:

llem##

LEO45PE
LEOATPR:
LEC49P8
LF052P8
LE053PE
LEO36PE
LE09PE

Unin Weigh
00006835

00007894
0000951
00010471
00011352
Unit Weight
00013285
00015514
00018715
00020573
00073532
00026350
00029110
00037463
00036248

Unit Vibight
00041276
00044815
00048575
00034457
00056386
00062711
00069554

b

294
4
104
456

584

8.3

1090

a
IR
ELY

368
39

e
6.2
306
36.0
40.6
465
52.0

6.1

£
513
5.7
604
6.7
o1
780
860

g
191

720
0.7
2.2
37

d
0.8
u3
05
32
369
13
456
309
6.8
b
158
49.7
5149
6.4
6.5
69.5
1

[
151
175
na
3.2
52

c
16.5
19.3
ni
5.6
93
328
36.2
404
451
4
36.3
394
421
1.9
496
.2
6.2

3
135
15.6
18.9
07
224

"7
1.2
02
228
261
2.2
33
36.0
40.2

288
N3
339
380
304
3.8
186

107
124
15.0
164
17.8

1.7
136
16.0
181
0.7
3.2
2.6
2.6
9

2.9
1.8
6.9
302
.2
kLN
kiR

85
98
19
13.0
141

93

108
1
144
164
184
203
i
2.3

21
4.0
26.9
218
o
M3

16
8.8
106
1.6
126

14
8.6
101
14
13.0
1.6
16.1
18.0
201

16.2
116
19.0
ni
221
M.
2.2
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111 priedas. ,,SERVOCITY* variklio charakteristikos

S M —

MAXIMUNM TORQUE @ 207 oz-in. (12VDC) MAXIMUM SPEED & 460 RPM (12VDC)

* Stalling this gearmotor could cause gear damage.

Intreducing our new line of micro gearmaetors! Although these micro gearmotors have a footprint comparable to a micre-
size servo and tip the scales at only 0,30z, they are incredibly powerful. All-metal gears ensure the motor will hold up in
even the harshest applications. The extremely versatile gearmotor case (sold separately) provides protection for the gears
and offers numercus mounting optiens to fit a variety of custom applications. These micro gearmotors have a 3mm D-shaft
that pretrudes from the gearbox case.

All metal gears! Price: 50,00
Part: 638126

Status: (@) In-Stock

o1+ | EXINERD

Use 1.6mm screws to
mount the gearmotor.

Use with our 3mm
bore pinion gears!

The 2mim bore hub is
great for attaching other
components. .

The Gearmetor has a *0" shaped
Imm diameter shaft.

- Dperating Range: 6 - 12VDC
+ Torque @ Stall: 7 oz-in.J@ 6VDC
» Torque @ Stall: 20 oz-inJ@ 12VDC
Gear train damage can cccur if stalled {locked)
- 11187 (3mm) Diameter “0° Shaft

- Mo load current: 40méa (BVDC) Shown with a 3mm to 1/4°
- Mo load current; 100ma (12VDC) set screw shaft coupler.

- Stall current: 360ma (BVDC)

- 3tall current; 1600ma& (12VDC)

- Mo load speed: 240 RPM @ 6VDC

- Mo load speed: 460 RPM @ 12VDC

- (Gear ratio: 50:1

- Motor size: See Schematics

- Shaft size: 0.118" (3mm) Dia. x 0.393" {10mm} L
- Weight: 0.3 oz (8.50)

- OC reversible motors

Use our guick
connect power

input boards with
this motor

Power board

The Digital Manual Speed
Controller provides proportional
foerward and reverse control of

your MicroGearmotor, Simply
supply 6-16Y to the controller and
plug in your Gearmotor,
The speed and direction are
controlled by the knob.

The mounting holes utilize a .770" hub pattern which
allowrs you to mount the gearmotor directly to channel.

®

Stall Torque is the torque which is produced by a motor when the cutput rotaticnal speed is zero, it may also mean the
torque load that causes the output rotational speed of a motor to become zero - ie to cause stalling.

Electric motors continue to provide torque when stalled. However, electric motors left in a stalled condition are prone to
overheating and possible damage since the current flowing is maximum under these conditicns.

Compatible Accessories:
Imm bore pinicn gears
3mim bore MXL pulley
Imm bore hub pulley
Gearmotor Enclosure Case

If you are simply needing to
operate your gearmotor from a
switch, click on the picture of the

switch at the right.
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IV priedas. Fender Stratocaster gitaros surinkimo brézinys

American Standard master drawing
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POZ.|ATPAZINIMO NUMERIS PAVADINIMAS SK. |PASTABA
Dokumentai
AiSkinamasis raStas
AD 01.00.00.000 SB Surinkimo brézinys A1
Junginiai
1 AD 01.01.00.000 Laikiklis 1
2 AD 01.02.00.000 Automatinis git. der. mech. 1 A3
Detalés
3 AD 01.00.00.001 Verzlé 6
Kiti gaminiai
4 Elektriné gitara 1
Atsakinga Zinyba Vadovas Dokumento tipas Dokumento statusas
MIK Detaliy sgrasas Mokomasis
Savininkas Rengé Antrasté L A D 1
KTy  |Arnas Balunas Elektriné gitara su 07.00.00.000
Tvirtino - Laida | Data Kalba | Lapas
Sigitas Killkevicius derinimo mech. 2016-05-20| It | 1/4




POZ,|ATPAZINIMO NUMERIS PAVADINIMAS SK. |PASTABA
Dokumentai
AD 01.02.00.000 SB Surinkimo brézinys 1 A1
Junginiai
1 AD 01.02.01.000 Korpusas
2 AD 01.02.02.000 Velenas su sliekraCiu 6 A4
3 AD 01.02.03.000 Korpusas su slieku 6 A3
Detalés
4 AD 01.02.00.001 Dangtis 1
5 AD 01.02.00.002 Jvoré 1 6
6 AD 01.02.00.003 Mova 6
7 AD 01.02.00.004 Dangtelis 6
8 AD 01.02.00.005 Jvoré 2 6
Standartiniai gaminiai
Sraigtai
9 ISO 7045 - M1.6 x 3 12
10 ISO 4762 - M1.6 x 4 7
11 ISO 4026 - M2 x 2 12
Kiti gaminiai
12 Variklis SERVOCITY 6
Atsakinga Zinyba Vadovas Dokumento tipas Dokumento statusas
MIK Detaliy sgrasas Mokomasis
Savininkas Rengé Antrasté
KTU | Awunas Balunas Automatinis gitaros AD 01.07.00.000
Tvirtino . . Laida | Data Kalba | Lapas
Sigitas Kilikevicius derinimo mech. A |2016-05-20| 1t |2/4




POZ.| ATPAZINIMO NUMERIS PAVADINIMAS SK. | PASTABA
Detalés
1 AD 01.02.02.001 Jvoré
2 AD 01.02.02.002 Velenas 1
3 AD 01.02.02.003 Sliekratis 1
Standartiniai gaminiai
Sraigtai
4 ISO 7045 - M2.5 x 5 1
Atsakinga Zinyba Vadovas Dokumento tipas Dokumento statusas
MIK Detaliy sgrasas Mokomasis
Savininkas Rengé Antraété
S Balunas Velonas su AD 01.02.02.000
K TU Tvirtino . v Laida | Data Kalba | Lapas
Sigitas Kilikevicius sliekraciu A | 2016-05-20| 1t |34




POZ.| ATPAZINIMO NUMERIS PAVADINIMAS SK. |PASTABA
Detalés
1 AD 01.02.04.001 Sliekas 1
2 AD 01.02.04.002 Dangtelis 2
3 AD 01.02.04.003 Korpusas 1
Standartiniai gaminiai
Guoliai
4 ISO 1224 - 170204 - R, 14 2
Atsakinga Zinyba Vadovas Dokumento tipas Dokumento statusas
MIK Detaliy sgrasas Mokomasis
Savininkas Rengé Antrasté
KTU | Aunas Balunas Korpusas su slieku AD 01.02.04.000
Tvirtino Laida | Data Kalba | Lapas
Sigitas Kilikeviius A |2016-05-20| It | 4/4
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Atsakinga Zinyba Vadovas Dokumento tjpas Dokumento statusas
MIK Bendras vaizdas Mokomasis
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KTl  |Arnas Balunas Automatinis gitaros  |AD 01.00.00.000 BV
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Sigitas Kilikevicius A | 2016-05-18, It 1/4
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KTl  |Awnas Balunas Velenas su sliekraciu  |AD 01.02.02.000 SB
Tvirtino Laida | Data Kalba | Lapas
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