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1. INTRODUZIONE
1.1. Generalita

La presente relazione studia le forze che si creano nel funzionamento della porta
durante le fasi di apertura e chiusura sulle varie parti meccaniche ad essa connes-
se.

Alcuni apparati meccanici si interfacciano con parti strutturali, quali gli hydrofeet,
i cilindri ed i dispositivi di trazione, oltre agli impianti civili quali i collegamenti
dei dispositivi di trazione.

I calcoli sono eseguiti senza 1’ausilio di programmi di calcolo specifici.

In diversi casi ¢ stato possibile estrapolare i carichi di progetto dal documento n°
MVO036P-PE-M-A-R-4003 — Relazione di calcolo strutturale della porta.

L’analisi descritta in questo documento ¢ riferita ad una sola porta, ma ha validita
anche per la seconda, in luce della identica struttura e funzionamento.

1.2. Documenti di riferimento

Nel seguito, si fa riferimento ai seguenti documenti:

— MVO036P-PE-MAR-4000  Criteri di progetto funzionale della porta
MVO036P-PE-MAR-5001  Criteri di progetto e Dati di riferimento
MVO036P-PE-MAR-4002  Relazione di calcolo strutture in acciaio principali

MVO036P-PE-MAR-4003 Relazione di calcolo strutture in acciaio seconda-
rie

1.3. Scopo

Oggetto della presente relazione sono i componenti meccanici della porta, elencati
di seguito secondo la numerazione specifica che assumono nel sistema. Per cono-
scere in dettagliato le parti meccaniche, si pud consultare il documento MVO036P-
PE-M-A-L-4100

3. Meccanico

3.1.  Sistema di trazione
3.1.1. Verricelli
3.1.2. Pulegge
3.1.3. Funi
3.1.4. Contrappesi
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3.2.  Parti meccaniche delle saracinesche di livellamento
3.2.1 Unita oleoidraulica
3.2.2 Tubazioni oleoidrauliche
3.2.3 Cilindri oleoidraulici
3.3.  Sistema hydrofoot
3.3.1 Pompe di spinta
3.3.2 Pompe di alimentazione dell'acqua
3.3.3 Tubazioni dell'acqua
3.3.4 Hydrofoot
3.4.  Parti meccaniche delle camere di galleggiamento
34.1 Compressori d'aria rotativi
3.4.2 Tubazioni dell'aria
3.5  Varie apparecchiature minori
3.5.1 Pompa di drenaggio

3.5.2 Rampe di accesso (cilindri oleoidraulici)
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2. CONCLUSIONI

Le verifiche dei particolari meccanici, secondo le prescrizioni imposte dei relativi codici
in materia, sono soddisfatte, € ne consegue la loro conformita ai requisiti di progetto.
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3. DESCRIZIONI
3.1. Introduzione

Le strutture principali in acciaio sono calcolate nel documento MV036P-PE-M-A-
R-4002 - Relazione di calcolo strutture in acciaio principali, mentre il calcolo dei
particolari strutturali € riportato nel documento MV036P-PE-M-A-R-4003 - Rela-
zione di calcolo strutture in acciaio secondarie.

Le azioni che sollecitano le parti meccaniche possono essere derivati dai risultati
del calcolo delle strutture in acciaio principali e secondarie, ma non sempre ci0 ¢
possibile. In tali casi si devono analizzare direttamente le condizioni di carico a
cui questi elementi sono soggetti, come descritto nel documento MV036P-PE-
MMR-5001 - Criteri di progetto e Dati di riferimento.

In questo capitolo sono descritte le parti meccaniche analizzate ed i carichi speci-
fici che agiscono su di esse.

3.2. Sistema di trazione

Descrizione:

11 sistema di trazione & il sistema che muove la porta e comprende le funi di tra-
zione con annesse carrucole, 1'unita di tensionamento, i tamburi € le trasmissioni
meccaniche.

Le funi di trazione sono collegate da un lato alla porta, sulla struttura d'acciaio
principale, e dall'altro su un tamburo alloggiato nel locale macchine; sono tenute
in pre-tensionamento sfruttando il funzionamento a gravita di un meccanismo di
tensionamento verticale a contrappesi.

I tamburi sono azionati da un motore elettrico collegato ad una scatola ingranaggi
con due alberi d'entrata. Nel caso di disfunzione di un verricello o degli hydrofeet,
la velocita della porta deve essere ridotta. In questo caso ¢ un motore con riduttore
ad ingranaggi, collegato manualmente al secondo albero d'entrata della scatola in-
granaggi, ad avviare i tamburi, mentre il motore elettrico principale gira a vuoto (&
in folle).

Disegni:

MVO036P-PE-MMD-5250  Disposizione funi di trazione linea 1
MVO036P-PE-MMD-5251  Disposizione funi di trazione linea 2
MVO036P-PE-MMD-5270  Verricelli

MVO036P-PE-MMD-5271  Pulegge - Particolari
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— MVO036P-PE-MMD-5273  Connettori Funi - Particolari

Carichi:

La forza di trazione risultante comprende i seguenti contributi:

— Attrito dell'acqua e "attrito secco" tra i cuscinetti e la struttura
— Forze di inerzia

— Disassamento

Sono possibili diverse condizioni e combinazioni. Lo studio dei carichi principali
¢ presentato nell'allegato D1 di MVO036P-PE-MAR-4003 - Relazione di calcolo
strutture in acciaio secondarie.

Calcoli:

I calcoli e le scelte del materiale, per questi elementi, sono contenuti nell'allegato
A di questo documento.

3.3. Parti meccaniche delle saracinesche di livellamento

Descrizione:

Le saracinesche di livellamento sono composte da dieci tubi, connessi sul lato la-
guna al rivestimento della porta ed alla struttura reticolare sul lato mare. Sul lato
laguna, in corrispondenza di ogni tubo sono fissate alla porta due travi per diffon-
dere il getto d’acqua, mentre sul lato mare il flusso potra essere interdetto da val-
vole preposte. Azionate da cilindri, consistono in una struttura a piastre stagne che
scorre verticalmente lungo una guida con all’interno dei cuscinetti ammortizzatori
in UHMWPE. Le guarnizioni in UHMWPE attorno all'apertura del tubo fungono-
da elemento di tenuta tra valvola e tubo stesso.

Il cilindro oleoidraulico, I'unita oleoidraulica e le tubazioni sono analizzati nell'al-
legato B di questo documento.

Disegni:
- MVO036P-PE-MPK 5103 Impianto oleoidraulico - P & ID

— MVO036P-PE-MAD-4350  Lay out di assieme delle saracinesche di livella-
mento

— MVO036P-PE-MAD-4351  Connettori diffusori lato laguna
— MVO036P-PE-MAD-4352  Valvole lato mare
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— MV036P-PE-MAD-4353 Telai delle valvole
— MVO036P-PE-MAD-4354  Supporto dei cilindri
Carichi:

Il cilindro oleoidraulico dovra contrastare le forze di attrito che sviluppano le parti
in movimento, a causa della forza impressa alla valvola per farla scendere e del
suo peso proprio, e la forza di aspirazione.

Si veda l'allegato B di questo documento.

Calcoli:

I calcoli e le scelte del materiale per questi elementi sono riportati nell'allegato B a
questo documento.

3.4. Sistema hydrofoot

Descrizione:

L’hydrofoot ¢ composto da una piastra con quattro alloggiamenti, all’interno dei
quali ¢ pompata acqua in pressione. Le dimensioni del basamento, degli alloggia-
menti e la pressione dell'acqua, consentono, in fase di esercizio, al basamento stes-
so di sollevarsi dalla soglia di scorrimento di circa 0.1 mm. Il flusso d'acqua, ne-
cessario per questa operazione, ¢ ottenuto grazie all’impiego di una pompa di ali-
mentazione (a bassa pressione) collegata ad una di spinta (ad alta pressione).

La soglia di scorrimento ¢ rivestita con un tappetino in gomma.

La struttura ¢ formata da un tubo interno, collegato in sommita ad un tubo esterno.
I buon raccordo fra i due diametri ¢ fornito da due anelli in UHMWPE posti in-
torno al tubo interno. Le forze verticali sono trasferite da una compressione del
tubo interno ad un anello imbullonato in cima al tubo esterno, il quale ddeforman-
dosi mette in tensione i tralicci a cui & collegato. La tenuta stagna e realizzata con
una guarnizione in corrispondenza delle testate dei tubi.

Sono calcolate le dimensioni del basamento, le dimensioni e la rigidezza del com-
pensatore, la pressione e la portata d'acqua richiesti, la portata e la potenza della
pompa.

Disegni:

— MVO036P-PE-MAD-4370  Pianta tubazioni hydrojet
— MVO036P-PE-MAD-4371  Dettagli tubazioni hydrojet
— MVO036P-PE-MAD-4372  Pianta Hydrofoot
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— MVO036P-PE-MAD-4374  Collegamenti tubazioni hydrojet

Carichi:
Forza verticale massima sullhydrofoot: 1350 kN
Forza verticale massima sull'hydrofoot (accidentale) 6000 kN
Forza orizzontale massima sull'hydrofoot (funzionamento normale) 100 kN
Forza orizzontale massima sull'hydrofoot (cattivo funzionamento) 300 kN
Calcoli:

I calcoli e le scelte del materiale per questi elementi si trovano nell'allegato C a
questo documento.

3.5. Parti meccaniche delle camere di galleggiamento

Descrizione:

Le camere di galleggiamento servono nelle operazioni di galleggiamento durante
il trasporto della porta, e nella vita di esercizio.

Nelle camere di galleggiamento, divise in compartimenti separati, il tempo richie-
sto per svuotare un gruppo di quattro serbatoi del volume totale di 160 m’> & pari a
30 minuti. Inoltre la pressione dell'acqua sul fondo sara approssimativamente di
0.1 Mpa.

Il compressore, scelto considerando le perdite di carico nel sistema, ha una portata
di 350 Nm’/h a 0,25 MPa, ed una potenza di 25 kW.

Nel documento MV036P-PE-MPK 5101 P.& 1. - Impianto aria compressa, sono
indicati i collegamenti alla porta, le tubazioni di collegamento tra il compressore
d'aria, posizionato nel locale macchine, ed i due vani di alloggiamento della porta,
il collegamento flessibile tra il vano di alloggiamento della porta e lo spazio di la-
voro dell'hydrofoot e tra il collettore e le diramazioni per i vari comparti delle ca-
mere di galleggiamento.

Calcoli:

I calcoli per questi elementi si trovano nell'allegato D a questo documento.

3.6. Rampe di accesso (cilindri oleoidraulici)

Descrizione:
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I mezzi accederanno alla parte superiore della porta transitando su rampe mobili
che collegheranno la via di accesso alla viabilita principale sulla sommita della
struttura.

L'unita oleoidraulica per le saracinesche di livellamento & usata anche per i cilindri
oleoidraulici che movimentano la rampa di accesso.

Carichi:
Sono considerati i seguenti carichi su queste parti strutturali:
— Peso proprio;

— Carichi di traffico: 4.0 kN/m? ed un carico concentrato di 50 kN, come da do-
cumento MV036P-PE-MAR-4001 - Basis of design structural

Disegni:

— MVO036P-PE-MAD-4310 — Pianta strada superiore

— MVO036P-PE-MAD-4313 — Strada superiore Dettagli

— MVO036P-PE-MPK 5103 - Impianto oleoidraulico - P & ID

Calcoli:

I calcoli per questi particolari si trovano nell'allegato B a questo documento.
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ALLEGATO A

Sistema di Trazione
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CAPICORDA IN ACCIAIO PER TESTE FUSE
S, S
JMA M
I
. |
| PER FUNE {CARICO] DIMENSIONI PESO
TIPO, Db l = .
@ LAVORO, A | C | D | E| F [ H M N
| . 1 max
AP mm [po%lici§ kg mm  mmi mm i mm rnrn:imm!mrnl mm i kg
13 110+ 13] 12| ool 28! s1] 254] 25 asl1a0; 17| s0| 102
16 |14+ 16| 587 4500] 32| 64] 30,2{ 32} 57|171118; 69, 170
19 17+ 18] /4| 68500 39| 76| 34,8 37| 67202 19} 77! 2865
22 |20+~ 22| 7/8| 8600| 46] 89 41,3, 45| 801235 24| 95| 447
56 23+ 2601 .| 12000{ 51|02} 50,8] 52| 956|268} 27 105 703
30 27+ 30| 1.1/8| 17000| &8[114| 57,1 59 |105(300| 33124 109
35 |31+ 35| 1.3/8) 24000] 64127 635| 68 |122|335| 33130 | 145
38 136+ 38| 1.1/2 28400|  78{1685] 69.8] 79 148|413{ 40 158 21
42 139+ 42 | 1.5/8| 34500| 781165| 75,2] 86 | 146|418 40 158 25
4B 143+ 481 1.7/81 45000 891178 889: 951651463140 1691 39
54 149+ 64| 2.1/8| 56200 101|229 9521101 | 178754646193 | 57§
60 155+ 60 | 2.3/8| 70400( 114|254 1108 |115]} 197|597 | 54| 222, 75
67 |61+ 67 | 2.5/81 78000] 127 |273|120,6/ 127 | 216 | 648! 60 | 247 { 100
73 |88+ 73| 2.7/81 100000 133 | 278|127 |134 1229692} 73279 ;148
80 |74+ 80 3.1/8 117000 | 146|286 (133 | 146 | 241737 | 76| 208 | 172
36 |81+ 86 | 3.3/8 132000/ 159 | 208140 | 156 | 254 784 | 79| 317 | 197
02 |87+ 02 3.5/8{152000] 171|318{152 |171 | 273,845 83 | 337 {255
102 193102 { 4 187 000 | 191 | 343 |177.8| 197 | 318921 | 89 | 369 | 3565
|
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1LA Squirrel-Cage Motors

Basic Design

Selection and ordenng data

Moment Weight’
- i

. Rated Frame  OrderNo., Performance at rated output Lofotor Lo-otor Breakdown  Torque
output size torque  cument torque class  charac-
For Order No. Rated Effi- Power Rated Rated teristic inertia :
suffixes speed ciency factor cument  torque For direct-online starting in acc.to Type of .
for voltage and n pf at multiples of rated pages constr. !
type of canstr, 400V torque  cument  torque 2115t IMB3
see 2/18
table below approx.
kw % A . ., Nm_ I~ S X9
L LA7050-4A8) 1 56 078 020 . 043 18 28 20 “h3 o o 130,
“:1LA7 053-9A8. 7} 58 077 029 084 21 33 21 - 13 0.00027 3.0
56 0.70 044 - 085 18 2.7 19 S I 10 | 00003 35
59 0.76 058 - 13 1.9 29 1.9 .13 - 0.0004
025 - 71 . 60 079 076 18 18 3.0 19 13 [10] 0,0006
037 " - 1LAT 073-4AB . 65 0.80 1.03 . 26 18 33 2.1 13 i 0.0003
055 - B0 - - 1LA7080-4AA.. 67 0.81 145 37 22 39 2.2 16 .. l| 00015
L 0.75 .. 1LA7 083-4AA.. 72 0.81 186 -51 23 42 23 16 : 0.0018
ag 11 90S  1LA70904AA.. - 73 083 265 75 20 43 23 16 B 00028
15 90L  1LA7096-4AA.. 77 0.82 3.45 10 24 5.0 28 16 [ 3] 0.0035
22 100L  1LA7106-4AA.. 1420 B0 082 4.9 15 25 52 26 6 E 0.0048
3 1LA7107-4AA.. 1420 815 083 6.4 20 26 55 28 16 0.0058
4 1M2M  ILA7113-4AA.. 1440 BAO 0.83 B.3 27 27 65 3.0 16 | 2] 0.011
55 1328 1LA7130-4AA.. 1455 860 081 1.4 36 24 6.3 3.1 16 [ 3] 0.018
75 132M  1LA71334AA,. 1455 875  0.82 16.1 49 27 6.7 32 16 0.024
1 160M 1LA7163-4AA.. 1460 885  0.84 214 72 24 63 29 16 B 0040
15 160L  1LA7166-4AA.. 1460 900 084 285 98 28 65 3.2 16 0.052
185 180M  1LAS183-4AA.. 1460 805 083 351) 121 23 75 3.0 16 | 3] 0.13
2 180L  1LA5186-4AA., 1460 912 084 411) 144 23 75 3.0 16 0.15
30 200L  1LAS207-4AA.. 1485 918 086 55 196 2.6 7.0 3.2 16 El o2
37 225S  1LAS220-4AA.. 1470 928 087 66') 241 28 7.0 32 16 E o032
45 225M  1LAS5223-4AA.. 1470 934 087 80') 293 28 7.7 33 16 0.36
55 250M  1LA6253-4AA.. 1475 540 087 a7 356 24 6.7 25 16 [ 4] 07¢
1480 947  0QES 132 484 25 67 21 16 HEY 14
90 280M  1LAG283-4AA.. 1480 849  0.86 160Y) 581 25 6.8 2.7 16 1.6
110 31568  JLAG310-4AA.. 1485 948 086 184 707 25 6.7 27 16 [ 4] 2.2
132 315M  1LAB3134AA.. 1485 955 087 2307 849 25 6.9 2.7 6 27
160 315L 1LA6318-4AA.. 1485 958 0.87 275 1030 25 7.0 2.7 16 32
200 315L  1LAG317-JAA.. 1488 862  0.87 345 1280 26 7.0 27 16 4.2
250 315 1LAB315-4AB.. 1488 960 0.8 425 1600 19 65 28 13 [16] 36
315 : " 1LAB317-4AB.. 1488 963 0.8 5407 2020 20 68 28 13 4.4 1600
355 355 1LAB353-4AB 1488 963  0.87 610°¢) 2280 2.1 65 26 13 [16] 6.1 1800 i
400 1LAB3S54AB.. 1488 964 087 690%)4) 2570 2.1 65 26 13 68 2000 °:
500 . 1LA8 3574AB 1488 968 088 850 3210 2.1 65 24 13 85 2700
560 400 1LAB4034A8.. 1492 968 088 9507 35680 19 65 27 13 24 JEE! 2800 i
rIQ 630 : 1LAB405-4A8.. 1452 970 0B8 106074 4030 19 6.8 2.7 13 14 3000 :
7o . ILAB407-4AB.. 1492 970  0.89 €907)%) 4540 19 68 7 13 16 3200
800 450 1LA8453-4AC 1492 970 088 78095 5120 16 7.0 28 10 24 VXS
900 ILAB4AS5-4AC.. 1492 971 088 880°1)5) 5760 16 7.0 26 10 26
1000 1LAB4S7-4AC.. 1492 971 089 97034)%) 6400 17 7.0 26 10 28

Order No. sufflxes

R R TR

Motor type Penultimate position: Voltage code Last position: Type of construction code

50Hz 60 Hz IMB3 (extracharge)

230VA/ 400VA/ 500VY 500VA 630VA 460VY 460VA IMBS IMV1 IMV1 IMB14 IMB14 IMB35

400VY 630VY without  with with with

for outputs see canopy canopy small large
. page 212 o . flange  flange

1LAT050t0 TLA70868 1 L6 3 - - 1 6 0 1 S 4 2 3 - B
1LA. 10610 1LA. 207 1 6 3 5 - 1 6 L B Rt | 4 25 39 6.
TLA.220t0 i1LA.313 1 6 3 5 - - 6 0 1 1 4 - - 6 .
1LAG316and 1LAG317 - 6 - 5 - - 9L2F 0 - 8 4 - - 6
1LAB31510 1LAB4DS  ~ B - 5 - - 9L2F 0 - 8 4 - - [
1LAB407 10 1LAB4S7 - - - 5 0 - on request 0 - 8 4 - - 6 -

Voltage code 9" for other voltages andfor frequencies.
Order Codes must be specified in this case (see page 2/10).

Please refer to pages 2/6 and 2/7 for types ol construction.

1) Parallel feeders required lor 230 V 3} Parallel feeders required for 500V 6) Rated current at 690 V. 7} Provisionally available as of July

supply supply. 6) Only available for 1999, 1LAS will be supplied until
2j Paraliel teeders required for 400 V 4} Pacallel leeders required for 690V 1LA7 113 motors. then
supply supgly
Siemens M 11 - 1999 313
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{
Q aareol o b
vervolg 30 KW motorvermogen P
toerental Thom in Nm reductie-  radiale belas- bedrijfs- massa afm. 5
n vitgaande  verhouding | ting Fg factor grootte ca. pagina ;
rfmin as 1. N fa kg
207 1390 7,12 11700 1,45 IR 97 DV200L4 330 2514
237 1210 6,21 11400 1,85 RF 97 DV200L4 325 260 -
] 283 1010 5,20 10900 175 | g
327 880 4,50 10500 1,85
718 400 2,05 3980 0,80 RX 101 Dv200L4 300 266 5
B17 350 1,80 3950 0.90 RXF101 Dv200L4 300 267
37 kKW motorvermogen P
toerental Thom in Nm reductie- radiale belas- bedrljfs- massa afm. g
n uitgaande  verhouding i ting Fr, factor grootie ca. pagina
r/min as ie= N f kg
16 22400 93,19 120000 0.80 R 167 DV22554 960 252
18 19900 82,91 120000 0,90 RF 167 Dv225S4 880 261
20 17700 73,70 120000 1,00
22 16200 67,40 120000 1,10
25 14100 58,65 120000 1,30
28 12400 51,76 120000 1,45
33 10800 44,87 120000 1,65
37 9600 39,92 120000 1,90
43 8270 34,41 120000 2.2
53 6720 27,96 120000 27
48 7380 30,71 120000 1,35 R 167 DV22554 840 252
60 5900 24,57 120000 2.4 AF 167 DV22554 770 261
67 5250 21,85 120000 25
77 4580 19,03 120000 3,5
87 4080 16,98 120000 3.7
22 16100 66.99 35000 0.80 R 147 Dv22554 650 252
24 14700 61,09 54200 0.90 RF 147 DV22554 610 261
28 12700 52,87 63200 1,00
32 11200 46,65 65900 1,15 R 147 DV22554 650 252
36 9680 40,29 68200 1,35 RF 147 DV22554 610 261
41 8570 35,64 69700 1,50
49 7200 29,95 71100 1,80
81 5810 24,19 72400 2,0
72 4910 20,44 73000 24 R 147 DV22554 630 252
82 4340 18,04 73400 2.4 RF 147 DV22554 590 261
94 3760 15,64 73700 3,5
106 3340 13,91 73900 3.8 R 147 Dv22554 630 252
RF 147 pv22554 590 261
39 9050 37,65 49400 0,90 R 137 DV22554 500 251
45 7910 32,91 53600 1,00 RF 137 DV22554 495 260
53 6690 27.83 55900 1,15
61 5800 24,12 57300 1,40 R 137 DV22584 490 251
67 5290 22,00 58000 1,50 RF 137 DV225S4 480 260
77 4580 19,04 57800 1,75
88 4040 16,80 57300 2,0
101 3490 14,51 56600 2,3 R 137 Dv22554 490 251
115 3080 12,83 55800 28 RF 137 DV22554 480 260
136 2530 10,79 54400 3.1
169 2090 8,71 52600 3.7
194 1820 7,59 51900 28
230 1530 6,38 50100 3,3
285 1240 5.15 47800 3.7
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Product Ranges: Fields of Ratings

Tuoteryhmien kdyttdalueet

Helical Gear Units |

Ratio Vilityssuhde

Lierichammasvaihteet

Bevel Gear Units

Ratio Vilityssuhde

22,4:1

P =
11 FUTTTHLLY

35

12

Custom made Gear Unit
- Please contact sales department

9804

Output torque
Toisiovidntomomentti
(l.askentakaava ks. sivu 8810)
{Calculating formula, see page 9810)

Kartiohammasvaihteet

610 kNm
Output torgue
Toisioviddntomomentti

Erikoisvaihde
- Pyyd& erillinen tarjous
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RA

How to select?

Valintaohjeet

Output speed 2 [xm!"] Toisioakselin pydrimisnopeus
Input speed m [ Nm'“] Ensidakselin pysrimisnopeus
Torque on the output shaft T2 [Nm] Toisioakselille laskettu vadnts-

Calculated power on the input

l Py [k“’]]

momentti
Ensitakselille laskettu teho

shaft
1=

Reduction ratio ny Valityssuhde

Efficiency of the gear unit n Vaihteen hydtysuhde

The relationship between the input power and the Ensidtehon ja loisiovaantémomentin valinen yhteys

output torque is calculated from the following formulas: lasketaan seuraavista kaavioista;

T, n, P, : 9550 - n
| I — Tz R ——
9550 - n n,

The following approximate values can be used as Hybtysuhteina voidaan kiyltds seuraavia ohjearvoja:

efficiencies:

Helical gear units Bevel gear units n Lieridvaihteet Kartiovaihteet
1-stage - 0.99 1-portaiset -
2-stage 1-stage 0.98 2-portaiset 1-portaiset
3-stage 2-stage 0.97 3-portaiset 2-portaiset
4-stage 3-stage 4-portaiset 3-portaiset

_ 4-stage 0.95 _ 4-portaiset
_ 5-stage 0.94 _ S-portaiset

Mechanical power transmission capacity

The selection capacity of the gear unit can be
calcuiated by multiplying the input power of the gear
unit by the service factors f, f, and fs.

‘P1V=P1'f [kw]

P,y = the selection capacity on the input shaft

P, = the input power of the gear unit

f = application factor

f = load factor, taking into account any shock caused
by the driving power source or the type of the load of
the application

fo = service factor determinated by the hours of daily
service

fs = starting frequency factor, according to the number
of starts per hour

Then, a gear unit will be selected from the power
rating tables under the desired ratio and speed so that
the capacity is equal to or higher than P,,,.

Determination of thermal power transmission
capacity

The calculated power on the input shaft must be lower
than the thermal power (with selected cooling
arrangement) which s taken from the power rating
table and multiplied by the temperature factor f;.

Mekaaninen tehonsiirtokyky

Vaihteen valintaleho saadaan kertomalla vaihteen
laskettu ensidteho kayttokertoimilla f, f, ja fs.

‘f= fL'fD'fsi

P,y = vaihteen valintateho ensidakselilla

P, = vaihteelle lasketlu ensitteho

f = kéayttdkerroin

fL = kéyttavan ja kaytettédvan koneen kuormitusiuo-
kasta aiheutuva kerroin

fp = vaihteen péivittdisestd kuormitusajasta johtuva
kerroin

fs = vaihteen kdynnistyksien lukumaarists aiheutuva
kerroin

Taman jalkeen valitaan tehotaulukosta vaihde, jonka
teho tarkastettavalla vilityssuhteella ja pySrimisnopeu-
della on suurempi tai yhia suuri kuin Pyy.

Termisen tehonsiirtokyvyn midrittiminen

Vaihteen ensitakselille lasketun tehon tulee olla
pienempi kuin tehotaulukosta saatava terminen teho
(valitulla jF&hdytysmenetelmiils) kerrottuna
l&mpétilakertoimella f.

P, S PT d fT
Calculated power on the input shaft (kW] P, Ensidakselille laskettu teho [kW]
Thermal power P Terrinen {eho
Thermal factor fr Lampétilakerroin
9810
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Selection Factors for Gear Units

Load Factor f_

Vaihteen valintakertoimet

Kuormituskerroin fi_

Driving power source Load classification of Driver machine
Kiyttdva kone Kéytsttdvin koneen kuormitustuckka
A B C »]

Electric motor Séahkomoottori

Steam turbine Hayryturbiini 1,00 1,20 1,50 1,80

Multi cylinder Monisylinterinen

combustion engine polttomoottori

Hydraulic and Hydrauli- tai

pneumatic motor pneum. mootlori 1,20 1,50 1,80 2,20

Single cylinder Yksisylinterinen
I;mbﬁstion engine polttomoottori 1,50 1,80 2,20 2,50

Load classification Kuormitusluokat

A= uniform load A= laszinen see page 9813
B= light shocks heikkoja sysayksia kis. sivu 9813

~= moderate shocks

C= kohtalaisia sysadyksid

. »= heavy shocks

D= voimakkaita sysdyksii

Daily Service Factor fp

Kéayttdaikakerroin fp

Daily service hours h/day
Paivitt. kdyttdaika hivrk <2h <8h <16h >16h
fo 0,9 1 1,12 1,25
Starting Frequency factor fg Kéynnistystaajuuskerroin fg
Startsfhour
Kaynnistyksiarth 1 <20 <40 <80 <160 >160
1.0 1 1.2 1.3 1.5 1.6 2,0
Load factor 1,2 1 [1.1] 1,2 1,3 1.4 1,7
fL 1,5 1 1.07 1.1 1.15 1,25 1.4
Kuormituskerroin 1.8 1 1.05 1,05 1,07 1,1 1,1
2,2 1 1 1 1 1 1
I 2.5 1 1 1 1 1 1
Thermal factor fr Lampdtilakerroin fr
Ambient Duty cycle factor ED%
Cooling Jadhdytys- temperature Kuormituskéyttdaika/tunti ED%
system menetelma Ympariston 100 80 60 40 20
lampétila % % % % %
10 1,12 1.34 1,57 179 2,05
Without liman ulko- 20 1,00 1.20 1.40 1,60 1,80
additional puolista 30 °C 0,88 1,06 1,23 1.41 1,58
cooling jashdytystd 40 0.75 0,90 1,05 1,21 1,36
50 0,63 0,76 0,88 1,01 1,13
10 1.15 1,38 1,61 1,84 2,07
20 1,00 1,20 1,40 1,60 1,80
Fan cooler Tuuletinjddhdytys 30°C 0,90 1,08 1,26 1.44 1,62
40 0,80 0,96 1,12 1,29 1,44
50 0,70 0.84 0,98 1.12 1,26
With other cooling systems Muilla jaahdytysmenetelmilia

please contact sales department

9812

pyyda erillinen tarjous
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Selection table for LD-4000 Valintataulu
Helical Gear Units TD-4000 lierichammasvaihteille
4450 4500 4560 4630 4710
i n P4 Pq !31 P4 P4
min kW KW KW KW KW
1500 235 340 430 640 970
112:4 1000 160 230 290 420 640
750 120 170 215 320 480
1500 215 310 390 570 870 ©
125:4 1000 145 205 260 380 580
750 110 155 195 285 440
1500 195 275 350 510 750
140:1 1000 130 185 230 340 500
750 98 140 175 255 180
1500 175 245 320 460 670
160:1 1000 115 165 210 310 450
750 88 125 160 230 340
1500 155 220 275 410 620
180:1 1000 105 150 185 275 420
750 78 110 135 205 310
1500 140 195 240 360 550
200:1 1000 92 130 160 240 370
750 69 98 120 180 275
1500 120 175 220 330 450
224:1 1000 80 115 150 220 330
750 80 a7 110 165 245
1500 105 150 193 290 430
250:1 1000 71 100 130 190 285
750 53 76 Y} 145 218
1500 94 135 180 255] 380
1000 63 1 120 75 255
750 47 68 90 130 190
1500 a3 120 160 230 330
3151 1000 55 86 10% 155 220
750 42 60 BO 115 165
1500 74 105 135 205 265
355:1 1000 50 70 o1 135 200
750 37 53 58 100 150
1500 67 85 125 155 260
400:1 1000 45 57 82 130 175
750 33 43 61 98 130
1500 50 75 110 175 220
450:1 10060 40 50 73 115 150
750 30 ar 55 87 110
1500 53 67 98 150 195
500:1 1000 36 44 65 100 130
750 28,5 33 49 76 ag
1500 49 58 88 130 175
560:1 1600 33 39 58 a8 115
750 24 5 29 43 66 87
1500 a4 54 80 120 150
630:1 1000 29 36 54 82 100
750 22 27 40 61 76
* Forced lubricalion required * Painevoitelu
i 4450 4500 4560 4630 4710
Tz [ kNm) | 250:1 155 225 285 430 610

i 3tio vilityssuhde

ny input speed [t/min] ensispydrimisnopeus
Pi nominal power [k nimellisteho
T2 output torque [kNm} toisiovddntomomentti

(calculated fori = 250:1, n1 = 1500) {laskeltu i = 250:1, n1 = 1500)

8823
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Helical Gear Unit
Lieriohammasvaihde

LD-4000 i=112:1-630:1

= ;
i o]
Gl
F3 B2 B)
@
= ?
c:[ sl .
D2 . D1
Slze
Koko A B [ D E F1 F2 F3 | F4 | G1 | Gz | H | H2 | H3 N P 5 T | T2
450 1530 1 630 1 80 | 39 | 345 I"540 | 970 | 1420 | 5 |55 | 110 0.1 500 1 340 1 1730 [ 500 | 990 | =an
500 1780 | 730 | 80 | 45 | 380 | s85 | to70 | 1620 | 610 | eq 160 | 1080 | 560 | 380 | 1555 | 540 | 1105 | 385 | 415
560 2000 | 800 | 90 | 45 | 430 | 660 | 1210 | 1870 1 G50 90| T80 | 1205 [ 630 | 430 | 2210 | 610 | 1240 | 420 455 jof—

630 2240 | 910 | 100 [ 52 | 475 | 735 | 1350 | 2040 | 770 100 | 200 [ 1360 [ 710 | 485 | 2470 | 675 | 1385 | 470 515
710 2485 1020 | 412 | 52 | 535 | 830 | 1515 | 2260 | &70 1125 | 225 | 1515 ] 800 | 550 | 2710 | 760 | 1585 | 518 565

Input shaft Ensidakseli Output shaft
Size i<280 i>280 Tolsioaksell
Koko D1 L1 T AT [ B1 M1 D1 L1 AT [ B 3] Dz L2 | A2 ] B2 M2
450 48k6 | 82 [ 515 1a M16x36 42k6 | 82 45 12 M16x38 210m6 280 | 221 | 50 Magx71 |
500 55m6 | 82 | 59 | 1g M20x42 48%6 | 82 | 515| 14 M16x36 240m6 330 | 252 | s6 M42x85
560 65mE6 | 105 | 63 | 18 M20x42 50k6 | 82 |535] 14 M16x36 270m6 380 | 282 | &3 Md48x100
630 70m6 | 105 | 745 | 20 M20x42 | 55m6 | 82 59 16 M20x42 300mé 380 | 314 | 70 M48x100
710 80m6 | 130 | 85 | 22 M20x42 65m6 | 105 | 69 18 M20x42 340m6 450 | 355 | &80 M52x100

9858
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Gummipuffer

mit Grundplatte aus Stahl

Werkstoff

* Gummi: Qualitdt N oder S

[ BestellNr, Wna | F [Gewicht | o, | h a | q R s —[
[J) [kN} kgl | [mm] | fmm] | frm] [mm] | [mm] | [mm]

017110-040x0327) 5725 g9 0,09 0] 3] 50| 55 - 2
017110-050x0407 0 | 18] 017 | 50| 48] @& 6E 2]
017110-063x050" 200 25 0,36 63 | 54 80 | 65 - 3
017110-080 400 40 0.66 8 | 63| 100 | 90 18 3
017110-100 800 63 | 1,33 100 80 | 125 9,0 20 4
017110-125 1600 | 100 | 245 | 125 | 100 160 | 110 ] 25 4
017110-160 3200 | 160 520 | 160 | 125 | 200 | 110 a2 6
017110-200 6300 | 250 970 | 200 | 160 | 250 | 13,0 | 40 6 |
17110-250 12500 | 400 [ 1930 | 250 | 200 315 | 130 | &0 8 ‘

b!—*crm konisch, siehe Zercmmg Gurnmipulfer Seite 11 .

mit verstarkter Grundplatte aus Stahi (Huttenwerksausfuhrung)

[ Besteli-nr, I F | Gewicht | d, h l a d | R s_j]

, o [kiN] tkal | (mm) | [mm] | fmm) fmm] | [mm] (mm) |
i 017111-080 | 400 40 088 | 80 | &3 f 100 | 11 16 6 | .)
[ 017111-100 | 800 63| 182 100 | 80 | 125 | 13 | 20 8 |
| 017111125 | 1000 | 100 | 325 [ 125 | 100 | 160 | 17 25 | 8 |
] 017111-160 | 8200 | 60 650 ; 160 | 125 | 200 | 17 32 10 !
| 017111200 ' 6300 ] 230 | 1,30 | 200 7160 | 250 | 21 | a0 10
[ omnii1250 —1 12500 | 400 ] 2260 | 550 | 200 | 315 | 21 T &g [ 12 ]
L 017111315 125000 | 630 | 4120 | 513 1260 [ 400 1 21 | &3 | 12
Werkstoff
* Gummi: Qualitat N

mit Grundplatte aus V2A Stahl

~ Bestell-Nr. [ Woe | F | Gewicht | d, | h a [ d | R | s
.‘ LWL KNL L kel | ] | fmm) f [l | fmmd | fmm] | mm)
- ON7112-100 | 800 | 63 | 183 | 100 & | i3 | 9] 20 4
| O17112-195 1600_ 10 | 245 | 125 | 100 | 160 | 11 1 38 .4
|__oi7t12ds0 T 9200 | 160 | 520 | 160 | 125 | 200 | 11 | a3 G <
i __017112.200 ] 16300 | 250 | 9.70 | 200 | 160 | 250 | i3 | 4p | 5 . ]
[ 017112250 112500 | 400 | 7930 | 250 | 200 | 315 [ 18 [ 50 [ 8 |

Werkstoff
¢ Gummi: Qualitit 8

L))

mit einem Gewindebolzen und Stahiplatte

Werkstoff 9
¢ Schraube: Stahl, verzinkt 1
® Gurnmi: Qualitit N oder S

BestelNe. | Wow | F 1 Gowici d | n [ d [ I] R s ]
I M| N | ikl | g | I [mrn1 (mm] | fmm) |

017120080 | 400 | 4o 06 | 80 | 63 | M8 srﬁ‘ 165 | 3
_ 017120100 1800 | &3 1.1 1100 [ 80 | M2 _J__ 4 |
01712§§3‘Hf[_1§g£i 100 21 | 125 | 100 [M16 | 46 | 1=
017120160 | 3200 | 160 44 | 160 | 125 | M6 | _4 ] 3 _‘5w!
017120-200 16300 | 250 | 84 | 200 ru_nat:_uvseoT 40 176 |
017120250 {12500 | 400 | 163 [250 | 200 | M20| a7 [ 8
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Gummipuffer

. Werkstoffe

Héchste Elastizitat und ReiBfestigkeit zeichnen Naturkautschukvulka-
nisate aus. Sie besitzen eine hohe Kerbzahigkeit und gute Abriebfi-
higkeit. Unter allen Elastomeren haben sie die héchste mechanische
und dynamische Belastbarkeit. Naturkautschuk ist unbestandig ge-
gentiber polaren Fliissigkeiten, allphatische, aromatische und chlorierte
Kohlenwassersloffe.

Ol oder Erdgas sind die Basisstoffe fiir den Synthesekautschuk, In
Iriiheren Jahren ein Substitutionsstoff fir Naturkautschuk, hat der Syn-
thesekautschuk zunehmend eigene Anwendungsgebiste gefunden.
Heutzutage gibt es ein breites Spekirum von Synthesekautschukar-
ten, deren Eigenschaften erst die Vielzahl von Anwendungen ermdg-
lichten, die der Gummitechnik ihve Position in der modernen Technik
verschaffte.

Dariiberhinaus ist Gummi keine rein chemische Substanz, sondem ein
Gemisch aus den unterschiediichsten Stoffen. Dis verschiedenen Be-

sténdigkeiten und mechanischen Eigenschaften sind nur durch ein
Rezept, von einigen hundert Substanzen, zu verwirklichen.

Hierbel stellt der Kautschuk als makromolekulares Malerial die elasti-
sche Komponente des Gummis dar. Die mechanischen Eigenschal-
ten wie Bruchdehnung, Ruckprallelastizitat, Festigkeit und Weiterreis3-
widerstand wird von ihm bestimmt. Durch die Vermischung von Che-
mikalign und Zuschlagstoffen mit dem Gummi. sowie durch den an-
schlieflenden Vulkanisationsproze entsteht daraus ein brauchbarer
Werkstoff.

Die Vielzahl der Kombinationsmaglichkeiten einzelner Werkstoffe so-
wie die unterschiedlichsten Befestigungsméglichkeiten bieten zu fast
jedem Problem die geeignete Lésung,

Qualitdtsstufen einzelner Werkstoffe

Intemationate NR CR
Kurzbezeichnung Natur- Chloroprene-
Kautschuk Kautschuk
Abriebwiderstand 2 2
Bruchdehnung 1 2
EinreiBfestigkeit 2 2
Ruckprallelastizitat 2 3
Zemeififestigkeit unverstirkt 1 3
ZerreiBfestigkeit verstirkt 1 2
Temperaturbest. Heifluft +90°C +120°C
Temperaturbest. Kilte -50°C -30°C
Alkalienbestandigkeit 3 2
Alterungsbestandigkeit 3 2
Bezinbestandigkeit 6 2
elekirischer Isolierwiderstand 1 3
O und Fetibestandigkeit 6 2
Ozonbestandigkeit 4 2
Séurebesténdigkeit 3 2
HeiBes Wasser 3 3

SBR EPDM NBR vMQ
Styrol- Athylen- Nitril- Silikon-
Butadien Propylen- Butadien Kautschuk
Kautschuk Terpolymer Kautschuk
2 3 2 5
2 3 2 4
3 3 3 6
3 3 3 3
5 5 5 6
2 3 2 4
+100°C +150°C +130°C +200°C
-40°C -40°C -40°C -80°C
3 2 3 5
3 1 3 1
4 5 1 5
2 2 4 1
5 4 1 1
4 1 3 1
3 1 4 5
2 2 3 5

Die Qualitdtsstulen der Eigenschaften einzelner Werkstoffe: 1=sehr gui; 2=gut; 3= belriedigend; 4=ausreichend; S=mangelhaft; 6=ungeniigend

Wampfler-Standard-Qualitit

N-Qualitat

S-Qualitat

= hochelastisch, alterungsbestindig
*gentgt allen normalen Einsatzbedingungen
* Einsatztemperatur: -30°C bis +70°C

@ Harte: 70 + 3 Shore A

* seewasser-, 0zon-, witterungs-, 8- und -
weilgehend sdurebesténdig :

* Einsatztemperatur; -30°C bis +80°C

* Hérte: 70 + 5 Shore A




Jo i

MV036P-PE-MMR-5003-C1 Pag. 48

Gummipuffer

Belastungsdiagramme fir Radpufier

108 Energle-Weg-Diagramm G
800 /
/
600 ./ i
/ p. 017151
q‘
; £00 / /
2 ./ //
g 200 ,/
ﬁ—-’/
5 Kraft-Weg-Diagramm s
= ol /
" NN 5
" 50 || 60|
—— 037131
z 40 1/
w A
E 20 //__/'/__z/
]
o 10 20 30
A ————
Fedenwveg { [mm]

Belastbarkeit von Sicherheitspuffer

Werden Gummipuffer als Slcherheltspuﬂer mit geringer Belastungs- | Damit ist eine Erhdhung der Endkraft um ca. 55 % und die Verldnge-
héufigkeit eingesetzt, so kann eine 50 % héhere Energieaulnahme bei | rung des Federweges aul 57 %h verbunden. Der Auldehndurchmes-
der Berechnung angesetzt werden. ser D erhdht sich auf ca, 1,6 d,.

Beispiel
s Gummipuffer: @50 m
» mdgliche Energleaufnahme: W = 5 100J =150 J
» damit max. Endkraft: F=155-16 kN =248 kN
- maximaler Federweg: {=0,57-40 mm = 22,8 mm

-# Aufdehnungsdurchmesser: D = 1,6-50 mm = 80 mm

‘Somit kann bei einer vorhandenen Energie von 100 bis 150 J noch der prelsgunstlgere
'Gummipuffer o 50 mm an Stelle des nachstgrbﬂeren emgesetzt werden




MV036P-PE-MMR-5003-C1

Pag. 49

CEN/TC 147

Date: 2003-01

prCEN/TS 13001-3.2

CENfTC 147

Secretariat: BS!

Cranes — General Design — Part 3.2: Limit States and Proof of Competence

of Wire Ropes in Reeving Systems

Krane — Konstruktion allgemein — Teil 3.2; Grenzzustdnde und Sicherheitsnachweis von Drahtseilen in

Seiltrieben

Grues — Conception générale — Parlie 3.2 : Etats Limites et Verification de la Securité des Cables de Systémes

de Mouflage

ICS:

Descriptors:

Document type: Technical Specification
Document subtype:

Document stage: Formal Vote
Document language: E

I:\Pokorny\Archive - CEN 147\147_WG_2\147WG2-049\TC-Enquiry- 13001-3.2,5 Mai 2002\Version Renkwitz 24-

07-03\ENV_13001-3.2_(E)_29-korr-2003-07.doc STD Version 2.1¢




MV036P-PE-MMR-5003-C1 Pag. 50

prCEN/TS 13001-3.2:2003 (E)

Contents Page
FOrEWORd ucisisiissiiieiiinssiiaisinris s G (R TR (eSS S oS SO T rama e TR s TR TS e Pas o o s ey eSS4 B Prm TR B 3
IO AUCEION sttt e ssesee st e estee e ans b e s e e resasse sresersbea sas shenamsasetnetsaesaenssatestenessentsesnsssrans verveedd
1 Lo o - VOO O STROTUTUN 4
2 NOTTIAHIVE TEIBIEMCES ..c.vrve i crerreeacrrreesreseesse e st s ae e es s essasss b e assanstsas v stesassesbonsonssssnoesensnebessensansses s sessns 4
3 Definitions, SYMbDOIS and abbBreviations........ccivviirceieie s cesscsssessessecsmssemsasssssne sesessssnsnsssesens 5
3.1 Terms and AefinitionS .. c e s st rae s e e s e r e st aca e see st benn 5
3.2 SymDBOIS aNd bDreVIAtIONS ..o crnrresrreresecrrnsesasss s sae s st sat ot sa e saa b b sasoR O e sib R st st an 5
4 GENETali . ciivcrnicciniiinranniiniieararsereecsosssrass s rmmers 8300 aesrannsesssesiasansatsasstneannatinnsthensse Beanednnnasasssaithns REY S0 7
5 Proof of Static Strength ... i e reesssssesreseversssssssstsresssssessessesssesaes 7
51 GBNEIALccuiiicriiiererecst s sercrsnse s srestraes s sE s an st T s s b aa s ma e o ae b as st bemennesntsrenesens sevesenseneennt st vransanerersaaseererar senanas 7
5.2 VEriCal NOISHING coviiiiriiiiieeiiienintiraresiresseierarssersase et raestentarasssrenssavmsemessese sessoseonsessmessmsamsenss sassessassssnssmesssnens 7
5.2.1 DS FOPE fOTCR wumviiniiiiniiriiniiniaraesne s sesns snresnssess st sssseatessnssessstresasrases s smenssssssnssnsressssaners sessesarasesesassarsn 7
5.2.2 Inertial and gravitational EffECtS.........veiverimnimneiicimcsiiesesteceseesasssrervsssonsssensessessasssssasssersserssessrsosensansen 8
5.2.3  RoOpe reeving EffiCIENGCY ..t neitesss s s rvestsserssesesseses sessaveses saseresenssessonsossassmesassnsssenns 9
5.2.4  NON PATAIIEI FAIIS ..ot rrctnsitin it nss s cas s tase st sesmass s e sessssanassnsas ravon e sbesmt s sbmsar senmemresenssnanas 9
5.2.5 Horizontal forces on the hoiSt J0ad......ccuiirrcniinicneciiin e e sresses sesessesenssarsennesesstssassassmesneesssare 10
5.3 NOR VEITICAl AFIVES..iiiiiiieiiiirnrisiieiisisieiiasinesite e s essssresrrarestosssssssssssasesssseseessessrsesseesass st ssaesnsssnsannen 11
5.3.1  DeSIgN TOPE fOrCE ittt cmsessenienas s stnestss s eesis s e brb e s asstssesssssesae sass e sasrmeessessesseesasnsseses sres 11
5.3.2 EqUIVAIENt INTEINAl OCE....uieireieiicnrericnriimnrinesesresers s senssrsassersre rsesserssessiseasstssssassenesesssssssesnsrsssasnssenee 12
5.3.3  INEMHTAl BIFECES.c.ccicieiicricrinicsirmrce v se st s ser e s e mr s s s bbbt saese s o sa s esmesenasssar e e s et s s s st e sasraserasteenens 12
5.3.4 RopE reeving effiCIENCY v circirericeisceserinnisiesseseetissieieserrvsrssesserestossassarssenmessssresersssssssasesssssssssssnsses 13
5.3.5  NON PArallel fallS it ercirceeirersnitesnrsrssnssas s assssssss susebestossassensossosss snesms rantasnsemmeesverssessesees 13
5.4 Limit design rope force........cceueeenue. e e e e e R L SONUROR SRR 13
6 Proof of fatigue strength........cccoccvvereernnnen Coheebmaserseeisesss it i e R 1 B e AR b s sararaneareprvenraerean T 14
6.1 General...ao oo, resernabereEErIs st r e RaraTseeses s rnneaesaranrrataasa RS EE SRR eSS SRRV NER T LT R 14
6.2 DeSign rope FOrCa . iiiicircerterernrirsrsrerssavesertnessamsnsssissaessnssses ssssssssin e m— v et - D 14
B.2.1  PriNCIPIe CONAIIONS ...overeiieicciinccincinenicrenreccsnse s esrevatsenrans s e sassssasesessrestosesssmesns semesemassessns sesmmesmessessnseserovs 14
6.2.2 Inertial effects.......ccccrvrcereennnas
6.2.3 Non parallel falls
6.24 Horizontal forces in vertical ROISEING ....iciicecisrrerer s cics s ssae it rsassnssaossasassssasassssassstensene 16
6.3 Limit design rope force................. LT L L T 16
6.3.1 Basic formula.......cccimmrcninmncicnnimioinanereen. CHPELbLetieshrtrees i ST BRSSO SR U SR e R SR ae Tt PRERaaERS 11 B0 ana L nasn 16
6.3.2 RoOpe fOrce NIStOrY Parameter.......c..ociiccreniciinerecermnessaiosesismvasssesessnessisessssessssansenssssansessssssssnssssass sons e 17
6.3.3 ROPE FOrce SPECIIUM FACLON ........cccoiiiciciesicrcrenvenirisenrssrnereerersserssrssessasissasssseessssesssssssssmenmessssassas sesosseseres 17
6.3.4 Relative total number of bendings......cccccerrereecinnerenns B O T S Tt (LTI T T 18
6.3.5 Minimum rope resistance factor .........cccccecmereesesrnisnnesnsssesessssoerssons L — 18
6.4 Further influences on the liMit deSiGN FOPE fOICe.....ciuiiiireieeceeceseecesseeesseeseesasseseesmssssssssnesssasssenes 18
6.4.1 Basic formula........ccccimeniminnnenniniommnmiisimseess e T 18
6.4.2 Diameters of drum and sheaves ........cecrieinnnn. o, B PR 18
6.4.3 Tensile strength of Wife ....cccvrereciimicnicimecinnneecssene s FTFSes st merannsesnnssananassnasnns e ssesnansssoassessnssossassnsastad .19
6.4.4 Fleetangle....eiiceerecccrnarevecsone heasaeunaeountasieeronas vovve s sws e oiHiNER R R AV TR STRATIY 19
6.4.5 ROPE IUDMICAtION....cccivverrerrenrririvrireiaresseresseissesreesmressssisessosresssssessssnne N et ouestanaees sosnsuusuasnssnses 20
6.4.6  MUIGIAYBE AIUM wc..cniicirititirtrccertncrceesesressesse e restessesteseassaastvassssbavatesssssressess sbossissbensbansosnsnsnes bhostbbsbensmesann 20
6.4.7  GrOOVE FAUIUS...c.cooieirenaririsircnnrmernssereessmessreseres sacssersmmsssssesstosaosts st ssaesssnsorsasonsesseserssssesssnsontoessessorssssssnvessms 20
6.4.8 ROPE tYPES...cccirvcrrrcrcrinreccnn e sasaren T LT LT T Enno ir s txraaroeussnna s anse s anan s n At hadataas s annas e ona AL s e ana se ARy w21
Annex A (normative) Number of Relevant BeNTINGS ........vviiriiiiieisimerssesssssesserseessessoe sesssesassssssssssossessmssssaes 22
Annex B (informative) Guidance for selection of design number of hoist ropes used during the useful

CrANE [IfE curc ettt rrrressrrenenaresarsesreves sersrsatsssesmsaesansesmasassasansnsans N T T T 24
Annex C (informative] BiDHOGraphy ..........ocvveiicviirimermisssroimneseeseisessesessssssesssss sessonssasassesasssesns sesesssonssarsssnsne 25
Annex Y (informative) Selection of suitable set of crane standards for a given application .........cocvvecrevennens 26

2




MV036P-PE-MMR-5003-C1 Pag. 51

prCEN/TS 13001-3.2:2003 (E)

Foreword

This document prCEN/TS 13001-3.2:2003 has been prepared by WG 2 "Cranes — Safety — Design — General" of
Technical Committee CEN/TC 147 "Cranes — Safety", the secretariat of which is held by BSI.

This document is currently submitted to the Formal Vote.

CENITC 147 — Cranes/WG 2 "Design, general", lhe Secrelariat which is held by DIN, will publish the existing Text
as a Technical Specification (TS} in order to have a period of practical experience and to continue the work on this
TS in order to be published in future as an European Standard (EN).

That is why, the TC asked for experience about the presented Technical Specification to be sent to:

Normenausschuss Maschinenbau (NAM) im DIN;
Secretariat of CEN/TC 147/WG 2,
Postbox 71 08 64,

60488 Frankfurt/Main

or via E-Mail:

nam@din.de

This European Technical Specification is one Part of EN 13001. The other parts are as follows:

Part 1: General principles and requirements;

Part 2: Load actions;

Part 3.1: Limit states and proof of competence of steel structures;
Part 3.3: Limit states and proof of competence of wheelfrail contacls;
Part 3.4: Limit states and proof of competence of machinery.
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Introduction

This European Technical Specification has been prepared to be a harmonized standard to provide one means for
the mechanical design and theoretical verification of cranes to conform with the essential heaith and safety
requirements of the Machinery Directive, as amended. This standard alsc establishes interfaces between the user
(purchaser) and the designer, as well as between the designer and the component manufacturer, in order to form a
basis for selecting cranes and components.

This Technical Specification is a type C standard as stated in EN 1070:1998.

The machinery concerned and the extent to which hazards are covered are indicated in the scope of this standard.

1 Scope

This Part 3.2 of the Technical Specification EN 13001 is to be used together with Part 1 and Part 2 and as such
they specify general conditions, requirements and methods to prevent mechanical hazards of wire ropes in reeving
systems of cranes by design and theoretical verification.

NOTE Specific requirements for particular types of crane are given in the appropriate Technical Specification for the
particular crane lype.

The following is a list of significant hazardous situations and hazardous events that could result in risks to persons
during normal use and foreseeable misuse. Clauses 5 to 6 of this standard are necessary to reduce or eliminate
the risks associated with the following hazard:

Exceeding the limits of strength.

This Technical Specification is applicable to cranes which are manufactured after the date of approval by CEN of
this standard and serves as reference base for the Technical Specifications for particular crane types.

NOTE ENV 13001-3.2 deals anly with limil state method according to EN 13001-1

2 Normative references

This Technical Specification incosporates by dated or undated reference, provisions from other publications, These
normative references are cited at the appropriate places in the text and the publications are listed hereafter. For
dated references, subsequent amendments to or revisions of any of these publications apply to this Technical
Specification only when incorporated in it by amendment or revision. For undated references the latest edition of
the publication referred to applies.

EN 292-1:1991, Safely of machinery — Basic concepts, general principles for design — Part 1: Basic terminology,
methodology.

EN 292-2:1991, Safety of machinery — Basic concepts, general principles for design— Part 2; Technical
principles and specifications.

EN 292-2:1991/prA1:1991, Safely of machinery — Basic concepts, general principles for design— Part 2:
Technical principles and specifications.

ENV 1070:1993, Safety of machinery — Terminology.
prEN 12385-4:2000, Stee! wire ropes — Safety — Part 4: Stranded ropes for general lifting applications.

prEN 13001-1:1997, Cranes — General Design — Part 1: General principles and requirements,

4
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prEN 13001-2:1997, Cranes — General Design — Part 2: Load aclions.

prEN 13411-1:2001, Terminations for steel wire ropes — Safety — Part 1: Thimbles for steel wire rope slings.
EN 13411-2:2001, Terminations for steel wire ropes — Safety — Part 2: Splicing of eyes for wire rope slings.
prEN 13411-3:2001, Terminations for steel wire ropes — Safety — Part 3: Ferrule and ferrule-securing.

prEN 13411-4:2001, Terminations for steel wire ropes — Safety — Part 4: Melal and resin socketing.

prEN 13411-6:2002, Terminations for steef wire ropes — Safety — Part 6: Asymmelric wedge sockels.

IS0 4306-1:1990, Cranes vocabulary.

1SO 4309: 1990, Wire rope for lifting appliances — code of practise for examination and discard.

3 Definitions, symbols and abbreviations

3.1 Terms and definitions

For the purposes of this Technical Specification, the definitions given in ENV 1070:1993 and the basic list of
definitions as provided in ENV 1991-1 apply. For the definitions of loads, clause 6 of ISO 4306-1 applies.

3.2 Symbols and abbreviations

The symbols and abbreviations used in this part of the EN 13001 are given in.Table 1

Table 1 — Symbols and abbreviations

Symbols, Description

abbreviations

a Acceleration

C Tolal number of working cycles (see EN 13001-1) during useful life of crane
D . Relevant diameter

Ddrum Minimum pitch diameter of drum

Dshoave Minimum pitch diameter of sheave

Deomp Minimum pitch diameter of compensating sheave

d Rope diameter

Gbonring Diameter of bearing or shaft

Foqu Equivalent internal force

Fgd Part of Foquinduced by gravity, exclusive mass of payload, amplified by y,
For Part of Faquinduced by gravity forces of mass of payload, amplified by v,
Fo Part of Foqvinduced by any other farces, amplified by v,

Fads Limit design rope force for the proof of static strength

Fras Limit design rope force for the proof of fatigue strength

Fsas Design rope force for the proof of static strength

Fr Part of Foquinduced by resistancies, amplified by v,

Fsar Design rope force for the proof of fatigue strength

F Part of Faquinduced by rope tightening forces, amplified by y,

Fy Minimum rope breaking force

Fuy Part of Fpquinduced by wind farces, amplified by v,

fr Factor of further influences

fre Factor of diameter ratio influence

2 Faclor tensile strength of wire influence

f Factor of fleet angle influence

fu Faclor of lubrication influence

fis Factor of multilayer drum influence
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Table 1 {concluded)
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Symbols, .
Description
abbreviatians
fs Factor of groove radius influence
fr Factor of rope type influence
fs1 Rope force increasing factor from rope reeving efficiency
fs2 Rope force increasing factor from non parallel falls
fsa Rope force increasing factor from horizontal acceleration
fsi Rope force increasing factors in fatigue
g Gravity constant
i Index for cycles of lifting and lowering
k. Rope force spectrum factor
fr Number of ropes used during useful life of the crane
q Height distribution
My Mass of hoist load (sea EN13001-2)
MHr Mass of hoist load that is acting on the rope falls under consideration
Mg Rotatory rope driven mass
Misans Translational rope driven mass
n Number of contact points passed by rope
n Number of falls or reeving lines
s Number of fixed sheave between drum and moving part
Nm Mechanical advantage
Ro Minimum tensile strength of the wire used in the rope
Roa Reference ratio of rope bending diameter Lo rope diameter
o Groove radius
Sr Class of rope force history
Sr Rope force history parameter
t Rope type faclor
w Number of relevant bendings per lifting movement
We Bending counl
Wop Number of bendings at reference poinl
Wiet Totat number of bendings
Z, Zi, Zmin, Zmax Height coordinates
o Angle of slope
Be Brmax Angles between falls and line of acting force
T Angle between gravily and projected rope in plane of Frand g
Y Risk coefficient
o Partial safety faclor
Y5 Minimum rope resistance factor (static)
¥ Minimum rope resistance factor (faligue)
[ Design fleet angle
€ Angle between sheave planes
ns Efficiency of single sheave
Neot Total efficiency of rope drive
vr Relative total number of bendings
o Dynamic factor for inertial or gravity effects
o Dynamic factor for inertial or gravity effects in faligue
b2 Dynamic factor for hoisting an unrestrained grounded load
bs Dynamic factor for loads caused by acceleration
b6 Dynamic faclor for testload
® Angle between the sheave groove sides
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4 General

In all cranes running wire ropes are stressed by loads (described by a load spectrum) and by bendings. Both
constitute the rope force history, classified in classes Sk (see 6.3.2). Classes S; are used for the selection of the
wire rope and diameters of drums and/or sheaves. They are independent of time. g

The proof of competence for static strength and the proof of competence for fatigue strength shall be fuifilled for the
selection of ropes and components. This standard is for design purposes only and should not be seen as a
guarantee of actual performance.

To ensure safe use of the rope the discard criteria (see 1SO 4309) shall be applied.

The wire rope should be in accordance with prEN 12385-4. Rope terminations shall meet the requirements of
prEN 13411.

5 Proof of static strength

5.1 General

For the proof of static strength it shall be proven that for all relevant load combinations of EN 13001-2

Foys < Fpy,s (M
where:

Fys is the design rope force

Fras is the limit design rope force.

5.2 Vertical hoisting

5.2.1 Design rope force

The design rope force Fy,, in vertical hoisting shall be calculated as follows:

My -8
F:S'd..s‘:—,:z—‘q)‘j:ﬁ'l'fSZ.fS3.yp.}’u (2)
5
where:
my, is the mass of the hoist load (my) or that part of the mass of the haist load that is acting on the rope

falls under consideration (see Figure 1), The mass of the hoist load includes the masses of the
payload, liting attachments and a portion of the suspended hoist ropes. In statically undetermined
systems, the unequal load distribution between ropes depends on elasticities and shall be taken into

account.
g is the gravity constant
ny is the number of falls carrying my,
¢ is the dynamic factor for inertial and gravity effects as shown in 5.2.2

Js1to fs; are the rope force increasing factors as shown in 5.2.3 to 5.2.5

Vp is the partial safety factor (see EN 13001-2)
¥, = 1,34 for regular loads (load combinations A)
7» = 1,22 for occasional loads (load combinations B)
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7, = 1,10 or exceptional loads {load combinations C)

Pn is the risk coefficient (see EN 13001-2)

A A
1 2

$m,,

a b

" ol >
* L 3 >

b a
m . :m —— b . — ——
‘ it & B8 g ‘mm 8=my Py

Figure 1— Example for the acting parts of hoist mass

5.2.2 ({nertial and gravitational effects

5.2.21 Dynamic factors

For vertical hoisting the maximum inertial effects from either hoisting an unrestrained grounded load or from
acceleration or deceleration shall be taken into account by the dynamic factor §.

§.2.2.2 Hoisting an unrestrained grounded load

¢ = ¢z 3
where;
d; is the dynamic factor for inertial and gravity effects when hoisting an unrestrained grounded load (see
EN 13001-2)

5.2.2.3 Acceleration or deceleration of the hoistload

=1+, 2 @
g
where:
ds is the dynamic factor for loads caused by acceleration (see EN 13001-2)
a is the vertical acceleration or deceleration
g is the gravity constant
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5.2.2.4 Testload

b =0, (5)

where:

ds is the dynamic factor for testload (see EN 13001-2)

5.2.3 Rope reeving efficiency

The increase of the design rope force by the rope reeving efficiency is given by

1
fs1 =— (6)
Tllaf

The total efficiency of the rope drive n,, shall be calculated as follows:

ms)™” 1-(ns)"™
N = . ) . (7)
n, 1 Mg
where:
ns is the efficiency of a single sheave:
1s = 0,985 for sheave with roller bearing
Ns = 0,985 (1-0,15 - dyearing / Dpeure ) fOr sheave with plain bearing
Other values for ns may be used if verified by test results for the applied rope, sheave or bearing.
M is the mechanical advantage (see example in Figure 2)
g is the number of fixed sheaves between drum and moving parnt

Figure 2 — Example for Rope Reeving Efficiency

5.2.4 Non parallel falls

When the rope falls are not parallel the rope force is increased. The rope force increasing factor f5; shall be
determined for the most unfavourable position. For simplification f5; may be calculated by

i 1
fsz T (8

COS .
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where:

Buras is the maximum angle between the falls and the direction of load (see Figure 3)

Figure 3 — Angle B

5.2.5 Horizontal forces on the hoist load

The rope force increasing effect of the horizontal forces (e. g. by crab or crane accelerations, wind) may be
neglected in applications with free swinging loads.

However in applications with several non parallel ropes (rope pyramid, see Figure 4) the horizontal forces increase

the rope force considerably. This effect shall be taken into account. For simplification the rope force increasing
factor f5; may be calculated by

£

fsz':]-}-m,,-g-tanyS:2 )
where:

F is the horizontal force on the hoist load

myy is the mass of the hoist load

g is the gravity constant

Y is the angle between gravity and the rope projected in the plane of F;, and g

10
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Crane

s

E,
m,  |—
Ve

Figure 4— Horizontal force

5.3 Non vertical drives

5.3.1 Design rope force

The design rope force Fy,, in non vertical drives (see examples in Figure 5 and Figure 6) shall be calculated as
follows:

F:.'qn

Foe = @S5 Ssa v (10)
"y

where:

Fequ is the equivalent internal force acting on the rope falls under consideration as shown in 5.3.2. In
statically undetermined systems, the unequal load distribution between ropes depends on elasticities
and shall be taken into account.

ny is the number of falls or reeving lines

$ is the dynamic factor for inertial effects as shown in 5.3.3

Js1, /52 are the rope force increasing factors as shown in 5.3.4 and 5.3.5

Y is the risk coefficient (see EN 13001-2)

Figure 5 — Examples for non vertical drive

11
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5.3.2 Equivalent internal force

1

Figure 6— Example for rope tightening

In general the load actions of gravity forces, resistances (e. g. rolling or gliding, wheels, bearings), rope tightening
forces, wind forces and any other farces (e.g. buffer forces, forces from climatic effects) contribute to the
equivalent internal force Feq, as illustrated in Formula 11. Those load actions shall be amplified by partial safety
factors y;, (see EN 13001-2) for the load combination under consideration, as given in Table 2.

!:('l/u=F:qd+Fgl+Fr+Ev+Irl+Fn (11)
where:
Fau is that part of F,,, that is induced by gravity forces of the rope driven masses, exclusive the mass of
the payload, amplified by the relevant partial safety factor.
Fy is that part of 7, that is induced by gravity forces of the rope driven mass of the payload, amplified by
the relevant partial safety factor.
F. is that part of -, that is induced by resistances, amplified by the relevant partial safety factor,
F, is that part of F,, that is induced by wind forces, amplified by the relevant partial safety factor.
F, is that part of F,, that is induced by rope tightening forces (see example in Figure 6), amplified by the
relevant partial safety factor.
F, is that part of F,,, that is induced by any other forces, amplified by the relevant partial safety factor.
Table 2 — Partial safety factors y,
Description Regular loads Qccasional loads Exceptional loads
Load combinations A | Load combinations B | Load combinations C
Foa Gravitation on masses,
exclusive mass of payload 1,22 1,16 11
Fy Gravitation on payload 1,34 1,22 1.1
o Inertia 1,34 1,22 1,1
F, Resistances 1,34 1,22 1.1
F Rope tightening 1,22 1,16 1,1
F. Wind forces: In service — 1,22 1,16
Wind forces: Out of service — — 1,1
F, Snow and ice — 1,22 1,1
Temperature — 1,16 1,05
Buffer forces — — 1,1
5.3.3 Inertial effects

In non vertical drives the inertial effects from accelerations shall be taken into account by the dynamic factor ¢

calculated as follows:

12
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e (Zm,mm + 2;‘"1,‘.‘1)' abs-v, (12)

equ

b=

where:

ZMyans IS the sum of translational rope driven masses, referred to the coordinate of acceleration

Impg  is the sum of rotatory rope driven masses (see examples in Figure 5 and Figure 6), referred to the
coordinate of acceleration

a is the acceleration or deceleration

s is the dynamic factor for loads caused by acceleration (see EN 13001-2)
o is the partial safely factor, as given in Table 2, line inertia

Fequ is the equivalent internal force

5.3.4 Rope reeving efficiency

The increase of the design rope force by the rope reeving efficiency is given by the rope force increasing factor f;,
calculated as shown in 5.2.3, Formulae 6 and 7.

5.3.5 Non parallel falis

The increase of the design rope force by non parallel falls is given by the rope force increasing factor £, calculated
as shown in 5.2.4 and Formula 8.

5.4 Limit design rope force

The limit design rope force Fpy, is given by

Fo, = ﬂ (13)
Prb
where:
F, is the minimum breaking force of the rope as specified by the manufacturer
Veb is the minimum rope resistance factor.

The minimum rope resistance factor v,, is dependent on the geometry of the reeving system and is given by

5,0

Yy = 1,34 + o (14)
DJ '
— | -4
d

where:
D is the minimum relevant diameter: D = Min{Duave ; 1,125 Dy + 1,125* Do)
d is the rope diameter.

Table 3 gives minimum rope resistance factors for selected ratios of D/d.

13
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Table 3 — Minimum rope resistance factor v,

D/d 11,2 12,56 14,0 16,0 18,0 20,0
Yrb 3,06 2,75 2,52 2,30 2,16 2,05

6 Proof of fatigue strength

6.1 General
According to test results the fatigue strength of ropes in terms of number of bendings is approximately inversely

proportional to the second power of the applied rope tension force. With the additional requirement that the ratio of
the rope bending diameter D to the rope diameter d increases with the number of bendings w,, according to

D g (W,
—— —~ ]’125] B!( nw) (15)
d

{(i.e. D/d increases by 1,125 for increasing w,, by 2), the rope force to number of bendings relationship follows

closely the power -3. Therefore this additional requirement is used in the classification of the rope force history.

When calcutating the number of bendings, one lifting movement is considered to comprise both a lifting and
lowering action. in non vertical drives to and from movements are treated respectively.

For the proof of fatigue strength it shall be proven that

F, Sdf £F Rdf (16)
where:;

Fgyy is the design rope force for fatigue

Fpas is the limit design rope force for fatigue.

6.2 Design rope force

6.2.1 Principle conditions

The design rope force Fg,, shall be calculated for regular loads (load combinations A) only, with partial safety
factors y,, risk coefficient y, and rope efficiency set to 1.

For vertical hoisting:

My '8 |+ e :
FSd,r =—H @ oS (17)
n,
where:
My is the mass of the hoist load (m,} or that part of the mass of the hoist load that is acting on the

rope (see Figure 1).

g is the gravity constant
n is the number of falls carrying nry,
'y is the dynamic factor for inertial and gravity effects as shown in 6.2.2

f;z , fs'3 are the rope force increasing factors as shown in 6.2.3 to 6.2.4

14
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For non-vertical drives:.

F,

Fop = - 0 S (18)
",
where:
Feg is the equivalent internal force acting on the rope according to the principles of 5.3.2,
Ny is the number of {alls or reeving lines
¢ is the dynamic factor for inertial effects as shown in 6.2.2
f ;2 is the rope force increasing factor as shown in 6.2.3

Instead of the rope force increasing factors /°,; the factors f; as given in clause 5 may be used.
Instead of the dynamic factor ¢" the factor ¢ as given in clause 5 may be used.

6.2.2 Inertial effects

As the inertial effects act for short time cnly, they do not affect all bendings. Therefore the dynamic factors $* may
be calculated by

d =0 for w=1 or (19)
o =3 -(-w“—l)'-'-ﬁ- for w2
w
where:
W is the relevant number of bendings per lifting movement (see Annex A).
¢ is the dynamic factor (see 5.2.2 or 5.3.3)

6.2.3 Non parallel falls

For the proof of fatigue strength the distribution of height and angle within the working range can be taken into
account by

for =3 T 46 (20)

where:
z are height coordinates as shown in Figure 7.
z,r is the reference height
The whole working range is from z,,, {0 Z..
The most frequent working range is from z, to z..
Bz is the angle between rope and line of the acting force
4z is the height density of the crane use in the working range

16
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Zinsn
[a(z)-dz=1 1)
z.

man

When the crane operates approximately equal on all heights of the most frequent working range, the density
function is constant

(22)

q(z) =

z, — 2,

and /'s, may be calculated as

0,9
. 1 zn:f —Z
. =1 -1]- 23
f‘s- +|:COSB(ZZ) } [zn’j ....z] ] ( )

Figure 7 — Lifting positions

6.2.4 Horizontal forces in vertical hoisting

If horizontal acceleration and lifting acceleration act together regularly, /s; shall be calculated by

Sss = I3 (24)

where:
Js1 is the rope force increasing factor calculated from an average angle y (see 5.2.5)

When horizontal forces and liting acceleration do not act together regularly, f°s; may be set to 1.
8.3 Limit design rope force
6.3.1 Basic formula

The limit design rope force Fy,, shall be calculated by

F.
Frar =m‘f; (25)

16
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is the minimum breaking force of the rope as specified by the manufacturer
is the rope force history parameter
is the minimum rope resistance factor

is the factor of further influences.

6.3.2 Rope force history parameter

In analogy to stress history parameter (see EN 13001-1), the rope force history parameter is given by

s, =k, -v, (26)
-7
where:
ke is the rope force spectrum factor
v, is the relative total number of bendings.

The rope force history parameter shall be determined either by direct use of formula (25)or simplified by selection
of a class Sg from Table 4.

Table 4 — Classes Sy of rope force history parameter s,

Class

Sr0 Sgr1 Sg2 Sr3 Srd Srb5 Sgr6 . Sgr7 Sr8 Sgr9

0,008 0,016 0,032 0,063 0,125 0,25 0,5 1,0 2,0 4,0

6.3.3 Rope force spectrum factor

The rope force spectrum factor £, is calculated by

k,

where:

’rl“

-5

F

Sdf W,

fot

3
F .
{ Sdfi J i 27)

is the index of one lifting movement with Fs,;

is the total number of lifting movements per rope, considering all the working cycles, numbers of
which per rope equals to C/,

is the design rope force in lifting movement ;

is the maximum design rope force

is the relevant number of bendings in one lifting movement / (see Annex A).

is the total number of bendings during the useful life of a rope.

is the total number of working cycles during the useful life of the crane (see EN 13001-1)

is the design number of ropes used during the useful crane life
{Guidance for /, is given in the Annex B)

17
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The total number of bendings w,, is calculated by

iﬂ\l A

War = D W, (28)
i=l
where:
W; is the relevant number of bendings per lifiing movement (see Annex A).
- is the total number of lifting movements per rope

6.3.4 Relative total number of bendings

The relative total number of bendings is calculated by

W

v = (29)
where:

Wror is the total number of bendings during the useful life of a rope

Wp is the number of bendings at reference point: w,, =5-10°.

6.3.5 Minimum rope resistance factor
The minimum rope resistance factor y,, shail be

Vo= 7 (30)
6.4 Further influences on the limit design rope force

6.4.1 Basic formula

The factor ftakes into account further influences on the limit design rope force:

Jr=frn T FrsSraSys Sre S ra (31
where;

Jntofp are the factors of influences as given in 6.4.2 to 6.4.7.

6.4.2 Diameters of drum and sheaves

As explained in 6.1 the additional requirement that the ratio D/d of the rope bending diameter D to the rope
diameter d increases with the number of bendings w,,, according to Formula 15 is incorporated in Formula 24. D Is
the minimum relevant diameter

D=Min(D,_.;1125-D, ;1125. Dmmp) (32)
The reference ratio value of D/d is calculated by
Joga| e :/
R,, =10-1125 (°-°°"] (33)

Table 5 gives standardized values of Rp,in terms of classes Si.

18
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Table 5 — Reference ratio Ry

Class SrO Sk Sr2 Sr3 Sré Sr5 Sgr6 Sa7 Sq8 Sr9
Rog 11,2 12,5 14,0 16,0 18,0 20,0 224 25,0 28,0 31,5

The factor f; is calculated by

Ya_

f =
4 RDd

(34)

The chosen ratio D/d shall not be less than 11.2 and shall be selected such that f; becomes greater than 0.75.

6.4.3 Tensile strength of wire

A non-linear relationship between the tensile strength level R, of the wire and the limit design rope force shall be
taken into account by

0.4
1770
S = ,for R, > 1770 (35)
2 R
Jn=1, for R, <1770
where:
R, is the level of requirement of breaking force (tensile strength) which is designated by a number (e. g.

1770, 1960 etc.), see prEN 123854.

6.4.4 Fleet angle

Fleet angles at sheaves or drums are illustrated in Figure 8. Fleet angles shall always be counted positive. For a
selected point of the rope, the design fleet angle § being associated with the most frequent working range shall be
taken into account by factor j; according to Table 8. The design fleet angle is calculated by

§= (36)
where:

g is the fleet angle at the tangential contact point j of rope at drum or sheave (see Figure B)

n is the number of contact points passed by the most bent part of the rope (See Figure 8 for an example

with n = 8)

19
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Shf!:ave 5, @ 8
Yy '(f ..... - !

Drixm

Figure 8 — Fleet angles

Table 6 — Factor

design fleet | non rotation rotation
angle resistant rope | resistant rope
5
<0,5° 1.0 1,0
1,0° 0,9 0.9
2,0° 0,75 07
3.0° 0,7
nol covered
4,0° 0,67
Intermediate values may be interpolated

6.4.5 Rope lubrication

For lubricated ropes the factor fi is set to one. For ropes without lubrication (e. g. clean room) the factor £, shall be
J#=0,5.

6.4.6 Multilayer drum
Multilayer drums reduce the limit design rope force. A factor /s < 0.8 shall be applied.
6.4.7 Groove radius

The ratio of groove radius 1, to rope diameter d and the requirements for angle w between the sides of a sheave
(see Figure 9) shall be taken into account by f;s according to Table 7.

20
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Figure 9 — Groove radius

Table 7 — Factor f

r/d 0 Jrs
0.53 1
0.55 il 0.84
0.6 0.75
0.7 ) 0.63
08 No requirement .58
=21.0 0.54
Intermediate values may be interpolated

6.4.8 Rope types

Differing bending fatigue performance of the various rope types shall be taken into account by the factor f £71 Given
by

1
= P (38)

where
t is the rope type factor,

In general for non-rotation resistant ropes with 6 to 10 outer strands, 1 = 1 is valid. For other rope types values of ¢
in the range of 0.95 to 1.25 may be specified by the rope manufacturer,

21
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Annex A
(normative)

Number of Relevant Bendings

Pag. 70

One lifting movement comprises both a lifting and lowering action. The number of relevant bendings w of a rope

during one lifting movement shall be established for the most unfavourable part of the rope by counting the sum of

bending counts w, according to Table A.1 and A.2.

When the loads in lifting and lowering are different (e. g. when loads are deposited at upper level), w2 for the lifted
load and w72 for the lowered load shall be used. In these cases, both lifting and lowering are each considered as

one lifting movement for the calculation of the rope force spectrum factor.

Table A.1 — Bending counts

Type of bending

lliustration

Bending count

Any bending with a deflection

(angle £ = 120°)

w.=0
angle « less than 5°
A/
Rope terminalion w, =0
/“‘\ /-"_\
| I
Cornpensating sheave/whip 4,; w.=0
Drum we=1
=TS
) 1
\\ ,:
- » 1 )
Sheave with same sense bending = »
(angle ¢ between planes w,=2
less than 120°) 8
: = \‘
« 4
* ~ o ’l 8
Sheave with reverse sense bending /_\. 4
\‘l‘: -

22
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Table A2 shows examples assuming movements where the most unfavourable part of the rope runs from the drum
over all sheaves.

Table A.2 — Examples for the number of relevant bendings w

© @ G
s

O N M)

w=1 w=3 w=5h w=5

w=7 w=7 w=7

If during the cycle the rope runs only over a part of the sheaves, w depends on the length of the stroke, Figure A.1
gives an example:

a,, a,, a,; length between sheaves
¢, €, Cy: circumferential length

.

2 4 3 g

rope travel distance => w=11

: i rope travel distance => w=10

p——————— rOpe travel distance => w=6

Figure A.1 — Number of relevant bendings
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Guidance for selection of design nhumber of hoist ropes used during the
useful crane life

S-class (see Number of

item no. | Type of crane Operation methaod EN 13001-3.1) ropes I,

1 Hand-operated cranes S50-82 1-2

2 Assembly cranes S0-S52 1-2

3 Powerhouse cranes 51-53 1-3

4 Warehouse cranes Intermitient operation 54 -85 3-6

5 Warehouse cranes, lifting beam cranes, | .. oo operation S6 — S8 6-14
scrapyard cranes

5] Workshop cranes 83-55 2-6

7 Bridge cranes, skull cracker cranes Grab, magnet, spreader 56-S58 6-14

8 Ladle cranes 56 - 88 6-14

9 Pit cranes §7-59 8-20

10 Stripper cranes, charging cranes 58-89 10-20

11 Forging cranes 56 - S8 6-14

12 Unloaders, slocking and reclaiming bridges, | Hook service S4 - 56 3-8
semi-portal cranes, portal cranes with trolley or

13 slewing crane Grab, magnet, spreader | S6 ~ 88 6-20

14 Travelling conveyor gantries with fixed or sliding S3-S5 2.6
conveyor(s)

15 Shipbuilding cranes, slipway cranes, fitling-out Mook eaTice S3-S5 2.6
cranes

16 Wharf cranes, slewing cranes, floating cranes, Hook service S4-56 3-8

17 level-lufiing slewing cranes Grab, magnet, spreader | $6 - S8 6-14

18 High-capacily floating cranes, high capacity S1-S3 1-3
gantry cranes

19 Hook service 83-85 2-6
Shipdeck cranes

20 Grab, magnet, spreader S4-S6 3-8

21 Revolving lower cranes for construction service S1-84 1-4

22 Erection cranes, derricks Hook service S1-83 1-3

23 Hook service S3-85 2-6
Rail-mounted slewing cranes

24 Grab, magnet, spreader | S4 — S6 3-8
Locomotive cranes, licensed for in-train

25 Haulage S4-535 3-6

26 Hook service 82-85 2-6
Loader cranes, mobile cranes

27 Grab, magnet, spreader | 54— S6 3-8

28 High capacity loader and mobile cranes 81-83 1-3
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Annex C
(informative)
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[3] Feyrer, Klaus; Biegewechselzahl und Ablegereife von Spiral-Rundlitzenseilen. Férdern und Heben 5/1997
Vereinigte Fachverlage GmbH. ISSN 0441-2636
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Selection of suitable set of crane standards for a given application

Is there a product standard in the following list that suits the application?

prEN 13000: 1997

Cranes — Mobile cranes

W1 00147030 Cranes — Tower cranes

Wi 00147031 Cranes — Slewing jib cranes

W1 00147032 Cranes — Bridge and gantry cranes

W1 00147033 Cranes — Offshore cranes — Part 1: General purpose alfshore cranes

W1 00147044 Cranes — Offshore cranes -— Part 2: Floating cranes

Wi 00147042 Cranes — Power driven winches and hoists — Part 1; Power driven winches
WI 00147043 Cranes — Power driven winches and hoists — Part 2: Power driven hoists

prEN 12999: 1997

Cranes — Loader cranes

prEN 13157: 1998

Cranes — Hand powered cranes

prEN 13155: 1988

Cranes — Non-fixed load lifting attachments

WI 00147041

Cranes — Manually controlled load manipuiating devices

[ ves

Use il direclly, plus the standards

Llhal are referred to

NO

Use the following:

W1 00147005

Cranes — Terminology

prEN 13001-1: 1997

Cranes — General design — Part 1: General principles and requirements

prEN 13001-2: 1997

Cranes — General design — Part 2: Load actions

WI| 00147008 Cranes — General design — Part 3.1: Limit states and proof of compelence of steel structures

Wi 00147049 Cranes — General design — Part 3.2: Limit states and proof of competence of wire ropes

WI 00147050 Cranes — General design — FPart 3.3: Limit states and proof of competence of wheel / rail contacts
WI 00147051 Cranes — General design — Part 3.4: LImit states and proof of campetence of machinery

prEN 13135-1: 1998 Cranes — Equipment — Part 1: Electrotechnical equipment

Wi 00147011 Cranes — Equipment — Part 2: Non-electrotechnical equipment

prEN 13557: 1999

Cranes — Conlrots and control stations

EN 12077-2: 1998

Cranes safely — Requirements for health and safely — Part 2: Limiting and indicaling devices

prEN 13586: 1999

Cranes — Access

Wi 00147045

Cranes — Equipment for the lilting of persons — Part 1: Suspended baskels

W1 00147046

Cranes — Equipment for the iifting of persons — Part 2: Moveabla cabins

prEN 12644-1: 1998

Cranes — Information for use and testing — Part 1: Instructions

prEN 12644-2: 1998

Cranes — Information for use and testing —— Pant 1: Marking

prEN 12644-3: 1998

Cranes — Informalion for use and testing — Part 1: Filness for purpose

26
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Project :  Malamocco Navigation Lock

Onderdeel : Levelling Sluices

Hydraulic System

Cylinders
Forces at cylinder
From steelstructure calculation and maximum waterleveldifierence
- of2m. see MVO 36 P PE MAR 4003
Forces from:
™ Self weight valve structure 50 kN
A /> Waterpressure dP 2m 280 kN
Friction coefficient uy = 0,22
Friction force Fpd*p = 62 kN
Cylinderrod weight 2 kN
Suction dP 2 m A=0,2x2x2 dPxA 16 kN
Total F 130 kN
L buck
Selection of hydraulic cylinder
Working Pressure p = 10 MPa with max 16 MPa
Cylinderrod weight Cylinder test pressure 25 MPa
Required cross area at rod side
v A=Fip= 129,6 cm2
- Cylindersize: 160 x 90 A= 137 em2
| Structureweight Stroke 2850 mm
Qil fiow atv = 0,1 m/s Q= 82,4 I/min

Pressure on structure

\ | ; F@ 16 MPa 219 kN

due to waterheight difference F@ 10 MPa 137 kN
e Check on buckling Lbuck = 3100 mm Fbuck = 200 kN(s=3)
— ﬂ F press = 101 kN @ 16 MPa (From tables cylinders)
Suclion
Cylinderspeed 0,005 m/s
Time for full stroke 570 sec

Required pump capacity per cylinder
Q= 4,12 l/min

Take one pump for 5 cylinders with mechanical divider
(Principal of mechanical divider is 5 gearpumps mechanically connected to each other, without drive,
one feeding line and 5§ separate outgoing lines with equal flow.)

Qpump required is : 20,6 l/min
Take Rexroth gearpump Type G2 size NG 16 with 23 {/min @ 1450 rpm and Ppump is 7,5 kW.

Author : Date : page: Rev. :
W. Lock 13-07-2004 B

alive.xls ; Levelling
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HOPE - PP - PVC l ERIKS

D MULTILENE M

-t

Advies-grenzen voor toelaatbare lagerbelasting van

ongesmeerde Multilene M lagers!

UHMWPE

Wrijvingskoéificiént van Multilene M, afthankelijk van de
wrijvingssnelheid, bij 0.26 resp. 1.24 N/mm? en 23°C

102 05
N
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' 10%h e r
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5] ) 2 ; 5}\ N 2
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S 102 M gy —
AN B =
™ K g
% 5
10" AN 0
i 0 15
10! 10° 10 min" 10% Ii 10 5 20 25 a0 1:15
) L Am' Gliisnelheid ——w— m/min
Toerantal as per MinUUt  wer—ie— ?
Dyn.wrilvingskaéfiici&nt van Multilene M als funktie van de  Max. toelaatbare lagerbelasting van Multilene M bij 23°C
belasting (kij 10 m/min)
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) ) RELAZIONE DI CALCOLO

ALLEGATO C

Sistema dell’hydrofoot

C1 Pompe di alimentazione dell’acqua

C2  Pompe di spinta

C3 Cuscinetto reggispinta, incluso lo sviluppo di calore per attrito
C4 Cuscinetti in gomma

Cs Sviluppo di calore dai supporti scorrevoli orizzontali

MINISTERO DELLE INFRASTRUTTURE - MAGISTRATO ALLE ACQUE DI VENEZIA TRAMITE IL SUO CONCESSIONARIO CONSORZIO VENEZIA NUOVA
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Sterling Fluid Syst%ams {NMetherlands} B.V.
Havanstraat 22-28 .
1948 NF Beverwijk "
Netherlands f
1]
Project : : Contact :
item : 1 1 Phone : Fax:
Quote No, : NL-132:3 Date : donderdag 27 me! 2004
Yaur Ref. : t
’ T
Pump Modal; MSVA g50 7 Stages
Pump Op. Speed: 2858 REM, 50 Hz Electric Stages Jrim Status . Imp. Dia, {mm)
il — Full 170
impeller No.: A rl 7 = 188
Material Spec. Group:; [djﬁ] Stainfess!steel, shaft from Duplex
Fluid: Water i Flow rate Q- 15 m3h
i Differential Head H: 300 m
Temperature: 20 C o Efficiency 53 %
Viscosity: 101 mm¥s Power Raquired 239 kW
Density: 9ag.2 kglmﬁ NPSH Required 1,05 m
Performance curve accardfpg to ISO 9906 Grada 2
B1-170 mm, B2-151 mm T
N =80
300-—= - :
i . A %-ﬂ_‘h :70 e
E ' \7’{ R g 60 é“
5 200 : e 50 2
11} H . “—‘—..‘\‘_M : @
% !i / \ i -:4_0 é
100- ; / ' [0 W
: 20
=10
i
T
' -
g 15 —
; | | /
I 14 ! sl
o0 ! 1
% .
0.5 i
4
E 30 E ~ ;. ——
:;-, 20{ :E' e —— f———r
g 10 ;
L 1
0 10 20 ao 40
I _ Flow - m¥h
Comments ;

NPSHR - far guarsnteedFNPSHR values. add 0.5 m safaty margin on the values read from the curves.

1
I . - . - -
I Sterling Fluid Systems (IP) bv « RAPID v7.0 - 7th January 2004,
i ' PageNo: 1
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Your Reference: . Our Reference: Company Name: Date:
i NL-1323 27-5-2004

SiHI Multi vertical, fultistage pump, that meets to the requiremants of 1ISO 5139/EN 25199

Pos,: 1 - Quantity: 1 - Tyge: MSVA 050 07 09 A A BK3 4R P 0

B
i

Operating Conditions; |

Fluid i : Water

Temperatura i 120 °C

Density | : 998,2 kgim®

Viscosity " : 1,01 mm¥/s

Flow ; S 15 mh

Head : 1300 m

Speed i 1 2850 RPM

Required Power ! 1239 kw

NPSHR (Required) . :1,05 m (NPSHA> NPSHR + 0.5 m)
Matarials: ' »
Casing (106, 107,) r : Stainless Stee[

Suction Impeller (231)
Impalier (230)

: Stainlass Steel
: Stalnless Stael

Diffuser (171) : Stainless Steel
Shaft (210) ; s Duplex
Shaft Protection Sleeve (5;4) : Duplex
Shaft Sleeve (523) K : Stainless Steel
Balance Drum System (603.1, 603) : Duplex
Throttle Bushes (542.1) | : Duplex
Mechanical Bearlng () ‘: :
Throttle Bushes {542.2) . ¢+ NI-Resist

. Construction:
Hydraulic i A
Number of Stages ! 7
impeller configuration : Cut Impeller
Impeller diameter : 168 mm

Orientation nozzles ] : [0] Suction nozle DIN PN 16 discharge nozzle DIN PN 40, discharge nozzle 180° to

suction nozzle
DN PN 16 - EN 1092-2
: DN PN 40 - EN 1092-2

|

|

]

|

] I
Suction nozzle |
1

1

i

1

]

i

b

L

I

Discharge nazzle !

: [Al Grease lubricated roller bearing at discharge side, mediuzm lubricatad plain
bearing at suctlon side

) ! [BK3] Uncooled mech. seal Burgmann MG1, AQ1EGG
' : [P1 O-rings from perbunan

Bearing and Lubrication

Shaft Seal
Casing Seasl
Direction of rotation )
Scope of Delivary; R
. . i,
Pump mounted including motor.
ik
il !
SR st M5 . . - . .
;;i Page No: 6 Steding Fluld Systoms {IP) bv - RAPID v7.0 - 71h January 2004,

: Counter-clockwise, when viewed from discharge side. <

:
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N4

TRELLEBORG

ENGINEERED SYSTEMS

Rapport : TB ED 2004-068 Onderwerp : Berekenings resultaten
Datum : 02-07-2004 Produkt : Hydrovoet

Revisie 21 Project : Venetié

Datum : 05 Juli 2004 Klant : Iv-Bouw & Industrie
File : \ED2004\2004-068.D0OC  Klant On. :

Artikelnr. : 60.00.00 TB On. :

Door : D.J.D. van Waardhuizen Aan : Dhr W. Lock, Iv

1] Inleidding

Voor de Oranjesluizen heeft Trelleborg Bakker in het verleden (1993) de rubber delen van de
zogenaamde Hydrovoeten ontwikkeld en geproduceerd.

Op dit moment wordt een sluis ontworpen, lokatie in de buurt van Veneté. Hier wil men
hetzelfde concept toepassen echter met aanzienlijk hogere belastingen.

Gevraagd

- Afmetingen rubber deel

- Terugstelmoment bij rotatic om horizontale as

- ‘Torsic bij rorade on verticale as

- Haalbaarheid

2] Gegevens

Belasting / Vervorming Waarden | Eenheden
Extreme belasting oy = 6000 kN
Nominale belasting From = 1350 kN
Minimale belasting Fin = 100 kN
Maximale Rotatie ®pmax = 0,0060 RAD
Tosie Rotatic Dy gax = 0,0145 RAD

3] Betekeningen

Met behulp van de testwaarden van de hydrovoeten geproduccerd in 1993 zijn de beschikbare
analytische berckeningsmethoden geijkt.
Hiermee zijn daarna de hydrovoceten voor Venetié doorgerekend.

4] Berekenings resultaten

Uitwendige afmetingen rubber deel : @1180 x @400 x 110 mm

Belast. / Verv. | Waarden | Eenheden Berekende reactde Waarden | Eenheden
Fex = 6000 kN Compressic ¢ = 28 mm
Foom = 1350 kN Compressie ¢ = 12 mm
Fin = 100 kN Compressie ¢ = 3 mm
Oy = | 0,0060 | RAD Terugstelmoment M = 88 kN.m
Doy = | 0,0145 RAD Torsic moment M = 230 kN.m

Haalbaarheid : Bovenvermelde afmetingen zijn te produceren en te testen,

TB ED 2004-068 1 pagina 1 van 1
Trelleborg Bakker BY




MV036P-PE-MMR-5503-C1 Pag. 124

Project : ﬂ’/ /4 /&W”/f{(’d ﬁé«x. A
O
Onderdee! : f[:“a(( ‘;uﬂf’dﬂ@ /La/.’zgmﬂm I) Dw
Sea . ¢l

v Ubpe Eddte <lule  boim,
# Sheel clite blocty
b Aoonted ~ 2L (20 # oo = B4 wmt

# A cleel blpele — 26\ Ceoling = 4Lm®

/ agdon - 9'04,
K Sladhjny kel chl 4
UuMIPe Shele Lfocte

r Aotk = 2vpo ¥ oo = 048 mt
t Asslet stes (20 L polta £:53 ) =22
(urreapln ¢)
Gewecd]
Sped 4 Ve g 35 M
(abackAoree 'ZL % Ah 2 ut, ¥ A pocten

AN Y Koo w53 = S

Opgesteld : Datum : Bladnummer : Rev. :




MV036P-PE-MMR-5503-C1 Pag. 125

Project : W&Lé,ﬁ ~toreo /![7/\//?’ Gbll;dh LQ&/ O
Onderdeel : é(é' - /@Mﬂ Ccupé;_a/ Gkt @ Gorr DU
Sea = /'.r;fi’.

?O X130 st
"W wrtr o PE /
= = 16w Slainless Slee!
=il % - l:; o S Lol

! /é()// ,23(/ H et (,uzé\éj

Jou tooy , So0

/Ef’/'c.l[?‘fon CQ@_/f A= ¢ /5
Speedd =015 s
éon/a c.l/ 7erce }:: oo A/(/ /cf«/! deew ower 2 SA",.KJJ)

Po gooxic® = 08 Mo
A2 2lox ooy
Ff"r\/ QSSC«W;’)A‘G’M : ,
/f’_( .5lGZ A@aﬂ/ /'S Con s el 47 //P sfaci /es: sé’@/

Cc’.‘/t(/f Sé/fe//o/&,f&
Head Zemaf‘afza( fz ,M./l-(/ <

3/ éOZA&M/A'J //fOU;/ s/a/'fn/ess ¢ loel

_~— — an/a /a,ea
15: Nyl x f’) = /5/:( A ( /,:gigo‘d -~ /o500 :(o,J@[(,JJ

3
&, /5w 40RO g o500 W
2

PR

< 0,0/
= ; >,
n (= /os‘ooxO,{x_E’e_c’_f_ .33 €
— e a— .
t6 heeex g
Datum : Bladnummer : Rev. :

Opgesteld :
b).Locd s /




MV036P-PE-MMR-5503-C1

Pag. 126

:mo’v[ﬂﬁﬂw;co /lt/ﬁw ;75(/?45” Zacz

Project O
Onderdeel CQ/C’Q /&2[/&?*1 CJ/CGW./QC/ area &Mﬁ%
' 100&
n-( ( \\
h-T T
wze TR}
' 1\ r
10-1
e B W .
a’,cg ‘\ '
ool \
Yoy | \ \
mi
“Pe hall \
bal '
0ol L -
" 102+ ‘\
103 \

0 0.1
o, HJ.B
L. & £ hY £
a > ) = pa * __.2
/) 33.&. %
Datum : Bladnummer : Rev. :

Opgesteld :

() Locd

/ #X

—




MV036P-PE-MMR-5503-C1 Pag. 127

Project A /ﬁ?aéf&/mﬂw /L/aw‘? Q ?[/ém ch/ O

Onderdeel : (Q/£ A’M 2] Len 7-/& < / Qf &R DM

foad asrlewr by € Slee =
Conlecet  fime t/_g,- 2 529 - /8y sec.
Vo
& - @ /Oéxmso@xfﬁ'é 0)??000:0 /Z]
c. Soo ]
/ﬁf* C_r; mean  worotbh

e 6,010 v fdasx 0, (2% Soows 104 L
Q. rmrcvaT: /44 S0v X 80 - 260x%:0° /Z]
[9' d.{.Sao'h/OAbn)

Sheclplat

,'—— 7:714 n ’-‘-‘-7 =] --é_.
/, = r, —/i i %ééd'd'p
3 e a _ {
! ﬁ(;’l’f a 6&}‘.46{? KL -—J’LJ!(O —
i A7MCG&} e
. 46'9 X .5'7'2
= Z& t Ma‘ 255 OC[
e Coobiwr (00 ¥ g 1R ¢ 7@@ - _.{?_ /:f
c: 4067 ;Lo_..
by C
{ .
E: _@_é = -/} 0 _é - 0/5 ¥ o i = O b2l
(1) BL  p)r geseyby  [Ligay”
{ee nepe {C—
\7;:30061 . - <7> 6, 012 7, - fé{: R — 7{'; Ség-SOqu
= - @, 788
!! - JU ._r"g-go _ .::.
7, e 3
ATSS + 7, o
QOMKQG/ area:gg -'LS_? d ?0 é
Opgesteld : Datum : Bladnummer : Rev. :

Co. Locd L 5




MV036P-PE-MMR-5503-C1 Pag. 128

,4774,[&%;(_, /c/‘?r/vi?::‘o?é b [ac[

Project

Onderdeel @/c Lém.,q Cam/@f aACE DM

/Jor/ a/ gAe A@a/ ’5 A"an&,értf\"% v To L H FL 't

<o P”("( ASSwmp (,L'J(an o[ Aﬂai/ C(I/t'f/\c‘g /’Ow ’s oé
Cereaned QSSuM{Q A‘Oh U() /,_)7- = Su f.f. Zia A/}fé
NS ?o - 33 -30 = Q3,5‘°C
g 2

lewmperatuse 175 67/ S/Pa/ O Lo it/ €
S[’QZV/ “‘?[ar

Cealac € £ pne Lo oo N ?d\t)/<f¢
6 3¢
/&frt-&ﬁa,/élaw @en()/}{- Ve G*LL Za sh',- -/"4»:7
— P
e —
oy 94l x 2.8 = O o00ts M L 1§ M,
?Qor!mQZ
@'=Q hP:’ ctep T )
" 0-7
| 4 e
@ = Ly /;,?’22%10 k2 8/"- éo— ??{’FQ ':7
% 2806
A- ol?.#/&,,s; =) = ( 35 me s 6 C}?/QZ/ X 6 0//99/2 ;]
§ * é T \ ’ ‘L
é%b/:lo Sbo ¥ /Sq - [/ {/'}(900 gc - ‘5 tg /Aﬂ Mﬂ//“fvx)/jl/
's - |

Oatum : Bladnummaer : Rev. :

Opgesteld :




MVO036P-PE-

MMR-5503-C1

Pag. 129

Project

Onderdeel

. INaléimuces /(/&-V';C‘o?é;}m Locl
: [a/c /5‘“»/3. Q.ﬁ,/ﬂ&«/ alCm

it

loqoun sicle,

/E—i 9w 2@0 u,//OB /(/

l/:_ oL_}{' (W\./j

(ﬂﬂ /a[/ /’;‘ﬂ!

A’IM-AK{{;': Gaﬂ//

l)azz,—{g »

y: OLov’,)/w\

O

— £ |
élz é(e_ \/w

Loy
Ff_ = pj :f;};,mma//f‘
Il
Fanen st gtet
4:}Qumm
‘ I\ = ’/"émpera/a "t CedvE
B ca, ' . _
i{ in sheen loa Leef
: & 7_' L Ln
A

7

/: 006 - S:Q Lec.
0, 35

16

Hovorx S

bpne

P

35

oD

% ’ 3
7_\.7 /Lf F.V ¥ /.5'"4;__:, 0I5 ¥ Qourtd x ¢S4 xG
it /‘/ecdfca,; < ¥ m Soox §1,9%0,/410,00) KOG
) , s . 7
/57/,%(,&’, B C (F /A (o= 3¢C ~= 7/:«“"': .3:806:;,
E: _/? ¥ i - i % ﬁ = Ol /! {3 — S£0 (ﬂé(x
P (we)®  duweTTY Goly £ pefe e
v [ e 2R~ I25x 20 = %
(—L-:S__f-?:o,zs [, =B > 28 % 39 = Lo, 7 C
-Tf = 7; 175.
Opgesteld : Datum : Bladnummer : Rev. :
2 Lock 249 4




MV036P-PE-MMR-5503-C1 Pag. 130

Project :Wﬂlamno /(/aw‘?a 7[7&»4 Zooé*

Onderdeel : &A./Cf é&*\p C&m,fd,(‘/?/ QIR [Iw

gd/élm S oty cs/ /0c/fo/aw- /G/Cfa/ f%r’ﬂ(ance)
/!:l’é/oamm

Feie by Coe// yZATNEN

S/Jf’.e.r/ Ve 3s ,44'!/6 — L )Y $ee

Contect /é/vce /- 4ov 4_/’/

Ford G55 pmp baln
‘f ({cﬁZ o/ V7 S S PR &y the
sbacn less  <leel
Heod ?'le-mzfa@a’
G- Ly pmFue 1S5 05 boune 635 3,23 . I;Z‘

<=z Soo ag“c M- 020 »«Ms@,azs ¢ Sosy :dz lf
ﬁ: 7In oy e ;,(A!: {L/}t Soo ;(Aé: '3,'23#0{)(0//
/iWé’Gt.n A!: él o

p—

lo c IS —  _prean. 7z 77/2.

Opgesteld : Datum : Bladnummer : Rev. :

&J»Zacl %‘ s




MV036P-PE-MMR-5503-C1 Pag. 131

Project : m o‘c--é«ﬁw—daao /Léé!/!;‘@lél'on Zac[
Onderdeel : [@{c &’?Mﬁ Cym_gfa_a.;/ Greo I:IU

};_{Qdé =_._ﬁ_.{_. x._ﬁ_?____—-_aZg{
c

P L2ed) & Nowu 2 SOV 2u80 2

From /Q'gcut Dopagl ta

=

1, - LT

{ =
..o'o_’;a

h, ~ 4,

?/—.O‘,a;lndlb‘ = CS)O,{ .
v 2 73

/Q,/"/ / IZL’ AZC@/ &&-« /Lf"f‘f.,n‘/\’ /R Zj ELr7 A 5://05"'
Cam/Cth/ &wbe L[: L{: (" {&e(‘

935 —
/)P"-E/fC«AOv\ O(,Q/‘Jl// lmra fpf: “R .l'.’_l_é@
;
\/z:r:y Qa2 ¢ 60 - G009 = ' Batias
Pleo v ik

T —
2 \/Mc v & v

(/iﬁiﬂi "4':5“/&045’ = /3¢ /QJ/ZIJ
Pl

mt,‘.

ﬁ': 0,21(/5315’41{,,}; 1d ¢ /m.g' " 5?, % GCod k"(G/ 07

Z A//cp/
Fil'lsfl QSSUM.,,Q{;';.,; of l’\ga—fl QL' vi $ig 4 k(\_& /

#]

Oo - o ¥ i3 oj_

Opgesteld : Datum : Bladnummer : Rewv. :

&_)- [u(f_/ % {




Rev. C1 Data: 21/03/08 El MV036P-PE-MMR-5003
FLETRIT Y Pag. n. 132
Rev Data: IMPIANTI MECCANICI

' - RELAZIONE DI CALCOLO

g y

ALLEGATO D

Parti meccaniche delle camere di galleggiamento

MINISTERO DELLE INFRASTRUTTURE —~ MAGISTRATO ALLE ACQUE DI VENEZIA TRAMITE IL SUO CONCESSIONARIO CONSORZIO VENEZIA NUOVA
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Low Pressure, Oil-free Air
is Vital for your Process

S R e e

Low pressure compressed air is often a vital ingredient in your
production process, It is a means to an end, yet so vital that you
cannot run the risk of product contamination, disturbing pulsaticns,
performance degradation, or even worse, a production standstill.
Through interaction with customers just like you, Atlas Copca has
made the ZE/ZA range the ideal compressor choice for low
pressure applications such as powder and bulk handling, mixing
1S0 14001 of materials, aeration, air separation, fermentation, cooling and

Atlas Copeo's :
Environmental Management System dl’Vll’ig PUGCESSES:
forms an integral part

of cach busincss process.

hor(e) = eﬁ:’ecl'{ue, pressere

IS0 3001 Operating range —ZE/ZA 3-6/ ZE 4 VSD - 50 Hz & 60 Hz

From design to
production and dclivery,

Atlas Copeo compressors barte} g psig
adhere to the 1SO 9001
quality standard. 408572

304429

208286

108143

424 848 1212 1696 2120 2544 2968 3392 3816 cfm
200 400 600 800 1000 1200 1400 1600 1800 Ifs

ZE: Aircooled / Z4: Watercooled
VSD: Variable Speed Drive
See data pages Jor range deiails,
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"ZE/ZA 3 6 Serles =
- Any Pressure, Any._FIow -
In One Neat Package

ZE/ZA 3-6 - Facts

{1 Completely oil-free air ~ no risk of oil contamination

[] Complete, ready-to-use package '

[] Water and aircooled versions

EI Designed for casy integration of agcessories

L.} Designed for casy integration into other systems using compressed air
" [} Wide range of pressure & capacity variants and gear ratios '

[ Guaranteed performance ~ 1801217, Annex C, Ed. 3

L] High efficiency, direct-driven IPSS motor -

[1 Advanced control and monitoring - - Elektronikon® regulation

[ ] Vaciable Spccd Drive (VSD) variant ~ opumal process slabz]uy

{71 Secure operation under all circumstances -
" [2] Durable quality components . -

[7] Low sensivity to dusty cnvironments

(] Proven, standard Atlas Copeo product
") Backed by a global salcs & service b'r‘gﬂnisation‘ '

15

m
D

ZE4VSD
i)arfabfc: Sp&d Drll've ;ﬂﬂfﬂm.

- for optimal process stabilite and . -
the lowest cost compressed air. -
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ZE/ZA — Complete Scope —
No Costly Additions

RISIEIEIEISIRISIRIBIBIRIBEIBIRIEIRT

As standard included

Air intake filter and silencer

Excellence by design
# Silenced units to work at any location
- flexible, vibration-free compressor mounting

i Air intake flexible i - silencing canopy protecls against noise emissions
W Owtlet air silencer {beyond CE directives and US OSHA standards)
..... EESE R . \

W Discharge expansion joints ¥ Easy, low cost installation

TR 3] MNESHETS A Sn S AL LA DT e et ey

Outlet air flange

Complete water circuit

B R

e e o

Single point inlet and outlet connections

Back-flush arrangement for cooler cleaning

Check valve

ey et

Safety valve .

IP55 water & dust proof motor

Built-in starter

Oil filled at delivery

Complete oil circuit pre-piped

Built-in oi] breather system

AGMA class 13 ; DIN class 5 gears

Pre-mounted electric motor

Pre-mounted clectrical cubicle

Silencing canopy (standard version)

Skid with no need of foundations

Vibration absorbing outlet

Full load / no load regulator

Integral blow off

Coated rotors

Elektronikon® control and monitoring system

- no foundations, no bolling required

- compact and complete unit — put in place and conneet
b Designed for casy integration of additional

components to suit particular application nceds 3
» Advanced Elekwonikon® controt and monitoring system
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Standard Options

‘Ihe:mlsicrs -

A I AN T el

Global Presence _ _Carmg for energy _
Local. Service . > ZE 4VSD - VanablcSpccd
:'fVScrwcc Worldwldc PR

Dnvc nrmnt for lhc lowcst

I;HBF[BUS Communlcauon Mnr]ule

o Service friendly = cost compressed air aile
' - Easy access for quick - “ ¥ Reduced internal pressure Haawy- Duty '“'f‘_ fae
: SHEOR oo ANS! Flanges
- routine scrvu:e T o drops. through mmgratcd I —
2T . ; ASME Approval
s Duc semcc prcdlclcd on- design - v s e - .
i Elektromkon‘ contral panel ~ > Power saving cooling system am-f"?'?arg!—a-l-» s
el P T et R .g s BY : Aulnmatncherhul—oll
R L Lnergy-less MD - e

Integrated Si:nnless Sl&el Aftercooler

Separale Slamless Steel Aftercooler

..... EEE

Watercauled 'l."arlam

adsorption dryer -

E:cludmg Canopr
BNEEGRET

Excluding Motor
E:u:!uﬁ‘mg Full Iuad | No load Flegula!nr

Cannpv Emnsmn lor H:gh Vollage Motor

Anchor Pads
'STe__awunhy Packaging
Witness Performance Test

Performance Test Certificate

SPM bearing monitoring

n.r.: not requised
st: standard
n.a. not available
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ZE/ZA — Proven Low Pressure Air Technology

Easy supervision and total reliable System integrity saleguarded

manitoring High cficicncy air intake filicrs prevent dust

Advanced Elektronikon® contra) and

S damage and cut power consumption costs.
monitoring system with text display on the | Filter selection is based on intemmal compressor
status of the entire system performance. protection and reduction of pressure drop at the
Tt is designed for integration into processes - intake. Approved 99.5% for 1 micron particles. P

with remote contrals,

Bearing condition monitoring
Moter and elernent bearing condition

for pro-active service indications via

the optional SPM menitoring box

Ambient motor protection
Direct drivae efficiency

The IP55 high efficiency motor prolects
against dusty, humid ambients. It is
directly coupled to the compression
clement for the best cnergy balance and
permancnt alignment.

Unique gearbox breathing system
avoids compressor contamination

Qi and oil fumes remain where they
betang: in the gearbox. Intemnal pressure
build-up is prevented. Without any
moving component, air and oil are
separated mechanically.
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the full load / no load regulation system ~ - 33 ot
“.controls air production to best match air (S T | : So system

~ requirement, _
The regulator operates cither at 100 %
capacity (fully open) or 0 % capacity, *

Pressure
transducer 4

using less power than a conventional
blow-off system. " -

- Linuid cooled compression
" elements for highest efficiency
Unlike aircooled clemears, liquid -
A 't_:'dblingju'_cl-;cts cnsure an evenspread -
" of heat over the compression clomens,
"l‘;:d_ucin_g material tchsidﬁ;_mp‘injajning'-'
clearance cﬁ_ﬁt;él‘;nd_lci'léhding the i TE
bearing lifetime. |t

Secura compressor start

under alf circumstances

Atlas Copco rotor clements are coated with a
unique carbon/Teflon mixture to eliminate
corrosion or motor blocking after stand still.
This allows for opcration at 3.5 bar in high

temperature conditions.
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Technical data ZE 3 series - 50 Hz

Aircooled low pressure oil-free air compressors i

dBlA) -
dBiA)

atmax 2 bar- -

Pressur n %
atmax35bar

“ barle)
21,00 - . .Free Air Delivery® is

cfm

. Qutlet temperature  *C

~Shaftpower =~ kW

Motor size kw
1,25 .5 Free Air Delivery*. ~ ¥s 159 715 193 213 228 328 - 355 385
e oo ¢fm 338 372 410 452 484 696 754 817
Outlet temperatyre ~ °C 114 115 115 16 a1 120 121 123
Shaltpower > ..~ kW 269 ‘291 316 . 345 37 524 .- 570 622
-~ 'Motersize - - - KW 30 230 37 37 " 45 .75 -75 75
T 150 free Air Delivery* Ifs 157 173 13 1 226 325 352 383
- ¢fm 333 367 406 448 480 690 747 813
‘Qutlet temperature  °C 128 128 128 128 128 131 132 134
Shaft power KW 284 37 333 363 386 550 597  65.
Motor size W 30 37 37 37 {85 75 15 75
=, “Free Air Delivery* . lfs 155 m 189 209 224 380
EE Coelm 329 363 401 444 476 - 807
- Outlet teperature - °C 141 140 140 138 - -138 142
~Shaft power: : -~ kW 303 327 35 388 412 1691
ize i C =75

LKW 30 37 =37 45 45,

 Free Air Delivery”

“Qutlet temperatura - °
Shaft power
+ - Molor size.

'Frqe_Airﬁnli_\&ery_'_-- ;
Qutlet temperature”
S

. Shalt power
- Motorsize

.. Free Air Delivery* - s -
i R

" Ollet temperalure
- o -Shalt power— -
“Motorsize -

* Reference conditions ** £ 3 dB{A) according lo Dimensions mm — IE
- Dry air Pneurop PN 8 NTC 2.2 Ko in S ot D et
+ - Absolute intake pressure 1 bar (a) test code measured at : l.enn!h
- Cooling and intake air temperature 20 °C a distance of 1 m, Viidth )
- Capacity of the comprassor package oxcluding aftercooler 'H¢i§h| i qegp!

measured according to
1501217, Third edition, Annex C

DSy,
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Air/oil/cooling flows

Variants for tailored applications
" With the ZE-ZA range specific applications’ needs are anticipated.
The ability o add opticnal or remove standard cquipment is ‘

incorporated.

Full scope non-silenced version

Nou-silenced ZE3

» When noise levels are less critical

> A standard oplion

Designed to easily add an aftercooler

ZAS with watercooled ZE3 with aircooled aftercoofer
aftercooler incorporated incarporated

» Pre-engincered for cost-saving installation
* Pressure drop risks are avoided

P Time saving & adequate seleclion

» A standard option




