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Proof of competence of hydraulic cylinders in crane applications

Contents Page
0T =NV o \'
1 8T o o1 1
2 Normative referenCes ... e e 1
3 TermsanddefinitioNS ..o s s n e s e ne e e e e mn e e e e nnes 1
4 R0 Y011 oY Y 2
5 7= = | 3
5.1 [ 10X o T3 0= o 1o o 3
5.2 Materials for hydraulic Cylinders ... 5
5.21 General reqUIrEMENES .......coiiciiiiiiir i 5
5.2.2 Grades and qUAlIties ... ————————————— 6
6 Proof of static strength ... —————— 7
6.1 7= T - N 7
6.2 Limit design StreSSes ... e 8
6.2.1 (7= 1= - | SR 8
6.2.2 Limit design stress in structural members ... ——— 8
6.2.3 Limit design stresses in welded cONNECLiONS ......cccceiiiicccccecrie s 9
6.3 Linear Stress analySis .......cccccccerriiiiiiicicsecren s ins s sssssree e s s ss s smse e e e e s s s s smn e e e e e e s a s nmnn e e e eenn s nnnnnnes 9
6.3.1 (€71 4 =T - T 9
6.3.2 Typical cylinder arrangements ... —————— 9
6.3.3 CYliNAEr tUDE ... 1
6.3.4 Cylinder bOttoM ........ccoiiiiiii i ————————————— 13
6.3.5 PisSton rod WIS ... e nmnnes 14
6.3.6 Cylinder tube and piston rod threads ...........cccooimiiis e ————— 14
6.3.7 Thread undercuts and 10Cking Wire groovVes ...........ccccccmmmriiinniinssirns s mssss s 14
6.3.8 L@ T oo T 4 Y=Y o2 Lo g V=Y o £ 15
6.3.9 Connecting interfaces to crane Structure ............cccooreeiriccecin e 16
6.4 Nonlinear Stress analySis ......cccccciiiiiiiiicisiiir e sssme e e smn e e e e e s s s s s nmne e e e ee s e s snnnns 16
6.4.1 7= 1= - 1 16
6.4.2 Standard cylinder with end MOMENtS ... 16
6.4.3 ST 0 T o7 T o =Y o 16
6.5 Execution of the Proof ... ————— 17
6.5.1 Proof for load bearing components ... ————— 17
6.5.2 Proof for bolted conNECtioNns ... s 17
6.5.3 Proof for welded conNecCtions ... s 18
7 Proof of fatigue strength ... 18
71 =Y =T - | 18
7.2 SHreSs NISTOrIES ....coicieiir e 18
7.3 Execution of the Proof ... sses e smn e e e s s nmme e e e e e s nnnns 20
7.4 Limit design StreSS range .......ccccviiiiicccccciiir e e e s s s e s e s s e nmme e e e en s e s nnnne 20
7.5 Details for consideration ... e 20
7.51 171 4 =T TP 20
7.5.2 = 0% 1 o 4 0 R,V [ P 20
7.5.3 Notch stress at 0il CONNECLOIS ... e 23
7.5.4 CYliNder hEAd ........o it ———————— 24
7.5.5 53 o I e T 26



7.5.6 L7/ 113 T L= ol 1= e 1N o Yo | £ S 28

7.5.7 Cylinder head flange Weld ..........oo i ——— 28
7.5.8 Mechanical iNterfaces ..o s s n e e e s s mmn e e e s e nmmnnes 30
8 Proof of elastic stability .........c.ccccoocmiiiiiciini e —————— 30
8.1 =TT o 30
8.2 Critical buckling 10ad .........coo i —————————————— 30
8.3 Limit compressive design fOrCe ... s 32
8.4 Execution of the Proof ... ——————— 33
Annex A (informative) Critical buckling load for common buckling cases ...........cccccccinniinnninniennnn 34
Annex B (informative) Second order analysis of two important cases .........cccccocrircecrrrrccseernseseennnnes 38
Annex C (informative) Shell section forces and moments for cylinder bottom .............cccccvvmrrirrrnnnneee 41
Annex D (informative) Fatigue analysis of bottom weld for more complex cases .........ccccoccrrrrrrrirnnnns 44
S T0 o 1T o - o /N 47



		2024-05-08T00:18:35+0000
	DIN Deutsches Institut fuer Normung e. V.
	Dokument ist zertifiziert




