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Cil : Seznamit projektanty hydrauliky a strojid s moznostmi soucasnych elektronickych
systému HW a SW

Re3eni konkrétnich aplikaci , na které vétsinou tyto seminafe zamérujeme, se oviem
neobejde mez Uzké vazby na dalSi oblast. Jednou z nich je ¢ast elektro.

Body, kde na sebe hydraulika — elektro Uzce vazi :
* silovy prfikon — pohon elektromotord ( pomineme li aplikace mobilni)
« zdroj povelovych signald pro ventily
e zdroj proporcionalnich signald pro proporcionalni ventily
» nasazeni regulatord servoventild ( hydraulickych os)
 zpracovat signaly od stroje, hydrauliky, .. ( spinacu, snimacd, ....)
 zadat algoritmy funkce, havarijni funkce, ...

Tedy bez elektro ovladani jsou soucasne aplikace tézko proveditelné.
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Re3eni téchto zakladnich bodd |ze provézt rizné .
Nelze fici, zda hdre , nebo lepe, pokud nezname konkrétni aplikaci.

Zpusobu provedeni fizeni, propojeni ¢lend, zpracovani signald,. ... je celé skala

Pro konkrétni aplikaci je velmi dobre nutno zvazit, co zvolit, ale tato ivaha musi byt
komplexni ve vSech ¢astech

MECHANIKA — HYDRAULIKA — ELEKTRIKA — XXXXXX

Jinak nelze o¢ekavat dobry vysledek.
Bohuzel, zde je jiz napsan prvni problém , protoze to neni

MECHANIKA — HYDRAULIKA — ELEKTRIKA
ale )
STROJ ( ZARIZENI)
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Pokud jedna z téchto ¢asti nebude navrzena optimalné a v Uzké vazbé na druhou, pak ani
celek nemdze fungovat optimalné.

Nyni je myslim jiz zcela jasné, co bylo mym cilem p/A sestavovani tohoto seminare.

Abychom jako projektanti a konstruktern hydrauliky, strojd, .. ziskali od kolegu elektro
zakladni informace, co je mozné jak resit a co to znamena pro nas. Zaroveri si i udélat
ekonomické povédomi o jednotlivych zpusobech reSeni, vratit se ke komplexnimu pohledu.

Vyvoj techniky si Zzada znacnou specializaci, bohuzel na ukor komplexniho pohledu.

Paralely |ze najit i v jinych oborech.

V Iékarstvi mi chybi ,Komplexni diagnostik ,, , ale specialisty na Iéc¢bu ,levého palce” a
,pravého palce" jisté naleznete

Obdobné ve strojirenskych profesich vyrazné ubylo komplexnich odbornikd v branzi —
feknéme projektantd.
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Priklad neadekvatniho vysledku jednoho projektu, kdy bylo diky nekomplexnimu
pristupu, oddélenému rfeSeni Hydrauliky — elektriky — mechaniky, vysledku
dosazeno az po delSim ¢ase a s finan¢nimi ztratami.

Hydraulika obloukové pece
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Popis problému :
Obvod regulace elektrod obloukove tavici pece
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Problémy :

® vyrazné rozkmitani elektrod pfi
regulaci

* Nésledné lamani elektrod

Priciny :
» Chybné zadani — hlavni parametr
vyjizdéci rychlost = velky
proporcionalni ventil, pro regulaci se
pohybuje v pasmu necitlivosti 15-20%
otevieni

« valec jednodinny — nulové zatlumeni

* vyrobni chyba vélce — téleso
upraveno z plunzru @ 200 = vyrazné
zvétSeni objemu oleje

* nevhodné konstrukce valce — nelze
zcela odvzdusnit

» zakaznik presunul blok s ventily od
véalce do strojovny = + 20 m trubek,
dalsi pfidavny objem

* nevhodny regulator, nerespektuje
vlastni frekvence soustavy, pfilis rychlé
zasahy bez ramp, regulator
jednorazové sestrojeny bez moznosti
korekci = rozkmitani soustavy pfi
regulaci
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Kontrola systemu

MOOG: Sizing of 4/3 servo/proportional valves for position and velocity control

Input of drive data calculation
specified extend velocity 0.150 m/s piston area = 78,54 cm?
specified retract velocity 0.150 m/s working area A-side = 78,54 cm?
piston diameter 100[mm working area B-side = 78,54 cm?
rod diameter A-side 0 mm cylinder area ratio = 1,00
rod diameter B-side 0 mm
+/- max. external force extend * ON extend retract
+/- max. external force retract * 1000 N flow QA max = 70,7 70,7 I/min
moving mass (inertia) 11 000 kg flow QB max = 70,7 70,7 Ifmin
specified extend acceleration time 280 ms load pressure pA = 0 1 bar
specified retract acceleration time 280 ms load pressure pB = 0 0|bar
* sign of the force + / - see drawing specified acceleration =: 1 1 /mfs?
mass acceleration force = 5 893 5893 N
| -—Fp acceleration pressure = 8 8 bar
m «— deceleration pressure = 8 8 bar
| +F max. deceleration force = -5 893 6 893 N
A B
retract extend Select a suitable valve and go to the next working sheet
FEB 111 wers 6.1 copyright Moog, all rights reserved
language, Sprache, langue, idioma, lingua, linguagem, asbik, = & >>> EN
Customer:
Project:
Date: 1.leden 2010
I 4 - |
This software is pruper‘[y of MOOG and prutected Dy lawe. If YOu are not the authorized user, YOu are hereby notified that any disclosure, cupying, distribution, ar the taKing of ary' action in H
reliance on the contents of this software is strictly pl’DhibitEd.

» mh 1. basic calculations ¢ 2, calculation of oressures ¢ 3. dvnamic calculation /4. position looo 7 [«] | Sl
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MOOG: 3. Calculation of Cylinder Dynamics

Input of drive data calculation
cylinder stroke 3200 mm piston area = 78,54 cm?®
pipe length side A 20000 mm working area A-side = 78,54 ecm®
pipe length side B 20000 mm working area B-side = 78,54 cm?
hose length side A 3000 mm calculated internal diameter of pipe side A = 21 mm
hose length side B 3000 mm calculated internal diameter of pipe side B = 21 mm
fluid velocity in pipe A and B | 4,5]mls equivalent trapped volume in pipe A-side = 11023,85 cm®
internal diameter of pipe/hose side A 22 mm equivalent trapped volume in pipe B-side = 22,78 cm?
i linternal diameter of pipe/hose side B 1 mm position of minimum stiffness = 899,7 mm
equivalent fluid bulk modulus 8 000 bar minimum stiffness = 5,46E+06 N/m
natural frequency of pipe A = 94 Hz
natural frequency of pipe B = 9.4 Hz
| —» min. hydraulic natural frequency of system = 14 sec’
m - min. hydraulic natural frequency of system in Hz = 2,2 Hz
| + Result:
A B
— 5| [
retract extend
ZEE  copyright Moog, all rights reserved
Customer: 0
Project: 0
Date: 1.leden 2010

This software is property of MOOG and protected by law. If you are not the authorized user, you are herehy natified that any disclasure, copying, distribution, or the taking of any actian in -~
" reliance on the contents of this software is strictly prohibited.
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MOOG: 4. Closed Loop Position Control System with simple P-Controller

Input of drive data calculation
natural frequency of the valve 200 Hz natural frequency of the valve at given pilot pressure = 200 Hz
rated pilot pressure of the valve 0 bar position control system -3dB handwidth = 0,06 Hz
pilot pressure of pilot operated valve 180 bar possible loop gain = 0 sec”
temperature drift of the valve 1.5 % time constant of the drive system = 2874 ms
pressure gain of valve 3.0 % optimum acceleration and deceleration time = 8622 ms
load/actuator damping ratio 0.05]_ extend velocity error at 100% valve opening = 1584,58 mm
natural frequency of the cylinder 2,2 Hz retract velocity error at 100% valve opening = 1592,04 mm
piston diameter 100 mm extend velocity error at selected speed = 431,12 mm
rod diameter A-side 0 mm retract velocity error at selected speed = 431,12 mm
rod diameter B-side 0 mm static error caused by external force = 1,592 mm
moving mass (inertia) 11 000 kg static error caused by valve drit= 23,881 mm
total static error = 25473 mm
P gain of controller = 2,0 VNV

— » | Note :

m <+— | The demanded acceleration and/or deceleration time cannot be

| + achieved with a simple P-controller!
A p B Improved control results can be achieved with more complex control
retract extend algorithms. The physical limits of the drive cannot be exceeded even

with the best possible controller!

fEE  copyright Moog, all rights reserved

Customer: 0

Project: 0

Date: 1.leden 2010

v ]y 1, basic calculations 2. calculation of pressures /3, dynamic calculation , 4. position loop |4] |
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Kontrolni méreni :

= HASGW B 3000 - CADDROUME = 1 achymdl OCALS - 1 \Tarm pWlar SDI0S . 975 0T 0004 2. herf
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= HAWGW B 3000 - CADDOUME - 1% lachymll OCALS = 1 \Tarm p\War SIS, 557 00042 herf

1nar 1287 11387 1H4p L Heps 11T 1Hage 11888
e [
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Opatieni :

» Mechanické Upravy valce, odstranéni zbyte€ného objemu, odstranéni
neodvzdusnitelného prostoru

* Zména proprcionalniho ventilu NG 10 s nominal pratokem 100 I/min za NG
06 s nominal pratokem 24 I/min

* (nepodafsilo se zdkaznika presvédcit k pfesunu bloku s proporcionaly na
puvodné projektované misto, tedy cca 2 m od valcd)

« HLAVNE - Gprava regulatoru respektujiciho dynamické vlastnosti obvodu,
zejména velmi malou vlastni frekvenci

Hlavni pra pficina celého problému :
Absence komplexniho pohledu problematiku
Chybny rozbor problému a opominuti dulezité funkce pfi zadani

Velmi malé povédomi fesSitelt regulatoru elektro a mechanické ¢asti o
dynamickém chovani soustavy

Podlehnuti nerozumnym pranim zakaznika.
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Po dneSnim seminafi ziskate prehled v moznostech elektro a budete
moci Iépe ovliviiovat spolufeSitele problému a vySe uvedeny pripad
nebudete opakovat. Nebo jesté lIépe budete spolupracovat s tim, kdo
Vam doda kompletni feSeni z ,, jedné ruky*




