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𝑄𝑛 = 630 𝐾𝑔



 

 

𝑁º 𝑃𝑒𝑟𝑠𝑜𝑛𝑎𝑠 =  
𝑄𝑛

75 𝐾𝑔/𝑝𝑒𝑟𝑠𝑜𝑛𝑎
=

630 𝐾𝑔

75 𝐾𝑔/𝑝𝑒𝑟𝑠𝑜𝑛𝑎
= 8.4 𝑃𝑒𝑟𝑠𝑜𝑛𝑎𝑠



 

- 

- 

- 

- 

- 

- 

- 

- 

- 





 

 



 

∅𝑐𝑎𝑏𝑙𝑒 = 8𝑚𝑚          𝑅𝑚𝑜𝑡𝑜𝑟 = 160 𝑚𝑚



 

𝐹𝑐𝑜𝑛𝑗𝑢𝑛𝑡𝑜 =
𝑄𝑛+𝑄𝑐+𝑚𝑝𝑜𝑙𝑒𝑎𝑠𝑐 𝑕𝑎𝑠𝑖𝑠 +𝑚𝑐𝑎𝑏𝑙𝑒𝑠

2

𝐹𝑐𝑎𝑏𝑙𝑒 =
𝐹𝑐𝑜𝑛𝑗𝑢𝑛𝑡𝑜

𝑁º𝑐𝑎𝑏𝑙𝑒𝑠



𝐶𝑠 =
𝐹𝑟𝑜𝑡𝑢𝑟𝑎

𝐹𝑐𝑎𝑏𝑙𝑒

𝑁𝑒𝑞𝑢𝑖𝑣 = 𝑁𝑒𝑞𝑢𝑖𝑣 (𝑡) +𝑁𝑒𝑞𝑢𝑖𝑣 (𝑝)

ß)

Características garganta 

Tipo U desfondada 

ß 90º 1.57 rad 

Y 25º 0.44 rad 



𝑁𝑒𝑞𝑢𝑖𝑣  𝑝 = 𝐾𝑝 ∗  𝑁𝑝𝑠 + 4 ∗ 𝑁𝑝𝑟  

𝐾𝑝 = (
∅𝑡𝑟𝑎𝑐𝑡𝑜𝑟𝑎

∅𝑐𝑕𝑎𝑠𝑖𝑠
)4

𝐹𝑐𝑜𝑛𝑗𝑢𝑛𝑡𝑜 =
630𝐾𝑔 + 950𝐾𝑔 +  2 ∗ 12𝐾𝑔 + (4 ∗ 47𝑚 ∗

0.273𝐾𝑔

𝑚
)

2
∗ 𝑔 = 8119.36 𝑁

𝐹𝑐𝑎𝑏𝑙𝑒 =
8119.36 𝑁

4
= 2029.84𝑁

𝐶𝑠 =
43300𝑁

2029.84𝑁
= 21.33

𝐿𝑐𝑎𝑏𝑙𝑒 = 2 ∗ 𝑅𝑒𝑐𝑜𝑟𝑟𝑖𝑑𝑜 + 5𝑚 = 47𝑚

𝑁𝑒𝑞𝑢𝑖𝑣  𝑡 = 5



𝑁𝑒𝑞𝑢𝑖𝑣 (𝑝) =  
320

240
 

4

∗  2 + 4 ∗ 0 = 6.32

𝑁𝑒𝑞𝑢𝑖𝑣 = 5 + 6.32 = 11.32

𝑆𝑓 = 19.54

 

𝑇1

𝑇2
≤ 𝑒𝑓𝛼

𝑇1

𝑇2
≥ 𝑒𝑓𝛼



 

𝑓 = 𝜇 ∗
4∗(cos  𝛾/2 −𝑠𝑒𝑛  𝛽/2 )

𝜋−𝛽−𝛾−𝑠𝑒𝑛  𝛽 +𝑠𝑒𝑛 (𝛾)

𝜇 = 0.1 

𝜇 =
0.1

1+
𝑣

10

𝜇 = 0.2 

 

 



𝜇

𝑓

𝑀𝑠𝑟𝑐𝑎𝑟 = 0.5 ∗ 𝐻 ∗ 𝑛𝑠 ∗ 𝑚𝑐𝑎𝑏𝑙𝑒  𝑙𝑖𝑛𝑒𝑎𝑙  

11.466 𝐾𝑔 = 0.5 ∗ 21𝑚 𝑟𝑒𝑐𝑜𝑟𝑟𝑖𝑑𝑜 ∗ 4𝑐𝑎𝑏𝑙𝑒𝑠 ∗ 0.273𝐾𝑔/𝑚

𝑇1

𝑇2
≤ 𝑒𝑓𝛼  → 1.39 ≤ 1.84

 



 

𝜇

𝑓

𝑚𝑃𝑐𝑎𝑟 = 𝐼𝑝𝑜𝑙𝑒𝑎𝑠𝑐𝑎𝑏𝑖𝑛𝑎 ∗  
𝑉𝑝𝑜𝑙𝑒𝑎

𝑉𝑛
 

2

/𝑅𝑝𝑜𝑙𝑒𝑎𝑐𝑕𝑎𝑠𝑖𝑠2

48𝐾𝑔 = 0.17𝐾𝑔.𝑚2 ∗  

2𝑚

𝑠
1𝑚

𝑠

 

2

/(0.12𝑚)2

𝑚𝑃𝑐𝑤𝑡 = 𝐼𝑝𝑜𝑙𝑒𝑎𝑐𝑝𝑠𝑜 ∗  
𝑉𝑝𝑜𝑙𝑒𝑎

𝑉𝑛
 

2

/𝑅𝑝𝑜𝑙𝑒𝑎𝑐𝑝𝑠𝑜2

8𝐾𝑔 = 0.01𝐾𝑔.𝑚2 ∗  

2𝑚

𝑠
1𝑚

𝑠

 

2

/(0.06𝑚)2

𝑇1

𝑇2
≤ 𝑒𝑓𝛼  → 1.738 ≤ 1.74



 

𝜇

𝑓

𝑇1

𝑇2
≤ 𝑒𝑓𝛼  → 1.74 ≤ 1.74



 

𝜇

𝑓

𝑇1

𝑇2
≥ 𝑒𝑓𝛼  → 41.43 ≤ 3.37

Ø Ø

Ø 

Ø 

Ø  



 



 

 



 



 

 

 











 

𝑀𝑛𝑜𝑚𝑖𝑛𝑎𝑙 =
𝑀𝑡+𝑀𝑖

𝜂𝑖𝑛𝑠𝑡



𝑃𝑛𝑜𝑚𝑖𝑛𝑎𝑙 =
𝑀𝑛𝑜𝑚𝑖𝑛𝑎𝑙 ∗𝜛

𝜂𝑚𝑜𝑡𝑜𝑟

𝑀𝑡 =  𝑀𝑙𝑎𝑑𝑜𝑐𝑎𝑏𝑖𝑛𝑎 −𝑀𝑙𝑎𝑑𝑜𝑐𝑝𝑠𝑜

𝑀𝑙𝑎𝑑𝑜 𝑐𝑎𝑏𝑖𝑛𝑎  =
𝑄𝑛+𝑄𝑐+𝑚𝑝𝑜𝑙𝑒𝑎𝑠𝑐𝑎𝑏𝑖𝑛𝑎 +𝑚𝑐𝑎𝑏𝑙𝑒𝑠

2
∗ 𝑔 ∗ 𝑅𝑚𝑜𝑡𝑜𝑟

𝑀𝑙𝑎𝑑𝑜𝑐𝑝𝑠𝑜 =
𝑃−𝑚𝑝𝑜𝑙𝑒𝑎

2
∗ 𝑔 ∗ 𝑅𝑚𝑜𝑡𝑜𝑟

𝑀𝑙𝑎𝑑𝑜𝑐𝑝𝑠𝑜 =
1265𝐾𝑔 + 4𝐾𝑔

2
∗ 𝑔 ∗ 0.16𝑚 = 995.91 𝑁.𝑚

𝑀𝑙𝑎𝑑𝑜𝑐𝑎𝑏𝑖𝑛𝑎 =
630𝐾𝑔 + 950𝐾𝑔 +  2 ∗ 12𝐾𝑔 + (4 ∗ 47𝑚 ∗

0.273𝐾𝑔

𝑚
)

2
∗ 𝑔 ∗ 0.16𝑚 = 1299.1 𝑁.𝑚

𝑀𝑡 = 1299.01 𝑁.𝑚 − 995.91 𝑁.𝑚 = 303.19 𝑁.𝑚



𝜛 =
2∗𝑣𝑛

𝑅𝑚𝑜𝑡𝑜𝑟
=

2∗1𝑚/𝑠

0.16𝑚
= 12.5

𝑟𝑎𝑑

𝑠

𝑀𝑛𝑜𝑚𝑖𝑛𝑎𝑙 =
303.19 𝑁.𝑚 + 0𝑁.𝑚

0.95
= 319.15 𝑁.𝑚

𝑃𝑛𝑜𝑚𝑖𝑛𝑎𝑙 =
319.15 𝑁.𝑚 ∗ 12.5𝑟𝑎𝑑/𝑠

0.85 ∗ 1000
= 4.69 𝑘𝑊

𝑀𝑛𝑜𝑚𝑖𝑛𝑎𝑙
′ =

𝑀𝑡 +𝑀𝑖

𝜂𝑖𝑛𝑠𝑡

𝑀𝑖 =  𝐼𝑒𝑞𝑢𝑣 ∗ 𝛼



 𝐼𝑒𝑞𝑢𝑣 = 𝐼𝑚𝑜𝑡𝑜𝑟 + 𝐼𝑐𝑎𝑏𝑙𝑒𝑠 + 𝐼𝑝𝑜𝑙𝑒𝑎𝑠𝑐𝑎𝑏𝑖𝑛𝑎 + 𝐼𝑝𝑜𝑙𝑒𝑎𝑠𝑐𝑝𝑠𝑜 + 𝐼𝑝𝑒𝑠𝑜𝑠

𝐼𝑚𝑜𝑡𝑜𝑟 =
1

2
∗ 𝑚𝑝𝑜𝑙𝑒𝑎 ∗ 𝑅𝑚𝑜𝑡𝑜𝑟

2 =
1

2
∗ 20𝐾𝑔 ∗ 0.16𝑚2 = 0.26𝐾𝑔 ∗ 𝑚2

𝐼𝑐𝑎𝑏𝑙𝑒𝑠 =
1

2
∗ 𝑚𝑐𝑎𝑏𝑙𝑒𝑠 ∗ 𝑅𝑚𝑜𝑡𝑜𝑟

2 =
1

2
∗  4 ∗ 47𝑚 ∗

0.273𝐾𝑔

𝑚
 ∗ 0.16𝑚2 = 1.31𝐾𝑔 ∗ 𝑚2

𝐼𝑝𝑜𝑙𝑒𝑎𝑠𝑐𝑎𝑏𝑖𝑛𝑎 =
1

2
∗ 𝑚𝑝𝑜𝑙𝑒𝑎𝑠𝑐𝑎𝑏𝑖𝑛𝑎 ∗ 𝑅𝑚𝑜𝑡𝑜𝑟

2 =
1

2
∗  2 ∗ 12𝐾𝑔 ∗ 0.16𝑚2 =

𝐼𝑝𝑜𝑙𝑒𝑎𝑠𝑐𝑎𝑏𝑖𝑛𝑎 = 0.17𝐾𝑔 ∗ 𝑚2

𝐼𝑝𝑜𝑙𝑒𝑎𝑠𝑐𝑝𝑠𝑜 =
1

2
∗ 𝑚𝑝𝑜𝑙𝑒𝑎𝑐𝑝𝑠𝑜 ∗ 𝑅𝑚𝑜𝑡𝑜𝑟

2 =
1

2
∗ 4𝐾𝑔 ∗ 0.16𝑚2 = 0.01𝐾𝑔 ∗ 𝑚2

𝐼𝑝𝑒𝑠𝑜𝑠 =
𝑄𝑛+𝑄𝑐+𝑚𝑝𝑜𝑙𝑒𝑎𝑠𝑐𝑎𝑏𝑖𝑛𝑎 +𝑚𝑐𝑎𝑏𝑙𝑒𝑠 −𝑃−𝑚𝑝𝑜𝑙𝑒 𝑎𝑐𝑝𝑠𝑜

22
∗ 𝑅𝑚𝑜𝑡𝑜𝑟

2

=
630𝐾𝑔 + 950𝐾𝑔 +  2 ∗ 12𝐾𝑔 +  4 ∗ 47𝑚 ∗

0.273𝐾𝑔

𝑚
 − 1265𝐾𝑔 − 4𝐾𝑔

4
∗ 0.16𝑚2 = 2.14𝐾𝑔 ∗ 𝑚2

 𝐼𝑒𝑞𝑢𝑣 = 1.31𝐾𝑔 ∗ 𝑚2 + 0.17𝐾𝑔 ∗ 𝑚2 + 0.01𝐾𝑔 ∗ 𝑚2 + 2.14𝐾𝑔 ∗ 𝑚2

= 3.89𝐾𝑔 ∗ 𝑚2

𝑀𝑛𝑜𝑚𝑖𝑛𝑎𝑙
′ =

𝑃𝑚𝑜𝑡𝑜𝑟 ∗ 𝜂𝑚𝑜𝑡𝑜𝑟 ∗ 𝜂𝑖𝑛𝑠𝑡
𝜛

=
5.3𝑘𝑊 ∗ 0.85 ∗ 0.95

12.5𝑟𝑎𝑑

𝑠

= 342.38 𝑁.𝑚

𝑀𝑖 = 𝑀𝑛𝑜𝑚𝑖𝑛𝑎𝑙
′ −𝑀𝑡 = 342.38𝑁.𝑚 − 303.19 𝑁.𝑚 = 39.19 𝑁.𝑚



𝛼 =
𝑀𝑖

 𝐼𝑒𝑞𝑢𝑣
=

39.19𝑁.𝑚

3.89 𝐾𝑔∗𝑚2
= 10.07𝑚/𝑠2

𝑡𝑎𝑟𝑟𝑎 𝑛𝑞𝑢𝑒 =
𝜛

𝛼
=

12.5𝑟𝑎𝑑 /2

10.07𝑚/𝑠2
= 1.24 𝑠𝑒𝑔



 

 𝐸𝑐 +  𝐸𝑝 = 𝑇𝑓𝑒𝑛𝑜 ∗ 𝜃𝑓𝑟𝑒𝑛𝑜

𝐸𝑐 =   
1

2
∗ 𝐼 ∗ 𝑤2 +  

1

2
∗ 𝑚 ∗ 𝑣2  𝐽 

𝐸𝑝 =  𝑚 ∗ 𝑔 ∗ 𝑕  𝐽 



𝜔𝑓 = 𝜔0 + 𝛼 ∗ 𝑡

𝜃𝑓 = 𝜔𝑜 ∗ 𝑡 +
1

2
∗ 𝛼 ∗ 𝑡2

0
𝑟𝑎𝑑

𝑠
=

12.5𝑟𝑎𝑑

𝑠
+ 𝛼 ∗ 1.2 𝑠𝑒𝑔 → 𝛼 = −10.42 𝑟𝑎𝑑/𝑠𝑒𝑔2

𝜃𝑓 = 12.5
𝑟𝑎𝑑

𝑠
∗ 1.2 𝑠𝑒𝑔 +

1

2
∗  −10.42

𝑟𝑎𝑑

𝑠𝑒𝑔2
 ∗ (1.2 𝑠𝑒𝑔)2 → 𝜃𝑓 = 7.5 𝑟𝑎𝑑

𝑣𝑓 = 𝑣0 + 𝑎 ∗ 𝑡

𝑥𝑓 = 𝑣𝑜 ∗ 𝑡 +
1

2
∗ 𝑎 ∗ 𝑡2

0
𝑚

𝑠
=

1𝑚

𝑠
+ 𝑎 ∗ 1.2 𝑠𝑒𝑔 → 𝑎 = −0.83 𝑚/𝑠𝑒𝑔2

𝑥𝑓 = 1
𝑚

𝑠
∗ 1.2 𝑠𝑒𝑔 +

1

2
∗  −0.83

𝑚

𝑠𝑒𝑔2
 ∗ (1.2 𝑠𝑒𝑔)2 → 𝑥𝑓 = 0.6 𝑚

𝐸𝑐𝑚𝑜𝑡𝑜𝑟 =  
1

2
∗ 𝐼𝑚𝑜𝑡𝑜𝑟 ∗ 𝜔

2

𝐸𝑐𝑚𝑜𝑡𝑜𝑟 =  
1

2
∗ 0.26𝐾𝑔 ∗ 𝑚2 ∗ (12.5 𝑟𝑎𝑑/𝑠)2 = 20 𝐽

𝐸𝑐𝑐𝑎𝑏𝑙𝑒𝑠 =
1

2
∗ 𝑚𝑐𝑎𝑏𝑙𝑒𝑠 ∗ 𝑣

2



𝐸𝑐𝑐𝑎𝑏𝑙𝑒𝑠 =
1

2
∗  4 ∗ 47𝑚 ∗

0.273𝐾𝑔

𝑚
 ∗ (2 𝑚/𝑠)2 = 102.65 𝐽

𝐸𝑐𝑐𝑎𝑏𝑖𝑛𝑎 =  
1

2
∗ 𝐼𝑝𝑜𝑙𝑒𝑎𝑠𝑐𝑎𝑏𝑖𝑛𝑎 ∗ 𝜔2 +  

1

2
∗  1.25𝑄𝑛 + 𝑄𝑐 +𝑚𝑝𝑜𝑙𝑒𝑎𝑠𝑐𝑎𝑏𝑖𝑛𝑎  ∗ 𝑣

2 

𝐸𝑐𝑐𝑎𝑏𝑖𝑛𝑎 =  
1

2
∗ 0.17𝐾𝑔 ∗ 𝑚2 ∗ (12.5𝑟𝑎𝑑/𝑠)2 

+  
1

2
∗  1.25 ∗ 630 𝐾𝑔 + 950 𝐾𝑔 + (2 ∗ 12 𝐾𝑔) ∗ (1𝑚/𝑠)2 = 894.25 𝐽

𝐸𝑝𝑐𝑎𝑏𝑖𝑛𝑎 =  1.25𝑄𝑛 + 𝑄𝑐 +𝑚𝑝𝑜𝑙𝑒𝑎𝑠𝑐𝑎𝑏𝑖𝑛𝑎  ∗ 𝑔 ∗ 𝑕

𝐸𝑝𝑐𝑎𝑏𝑖𝑛𝑎 =  1.25 ∗ 630 𝐾𝑔 + 950 𝐾𝑔 + (2 ∗ 12 𝐾𝑔) ∗ 𝑔 ∗ 0.6𝑚 = 10368.19 𝐽

𝐸𝑐𝑐𝑝𝑠𝑜 =  
1

2
∗ 𝐼𝑝𝑜𝑙𝑒𝑎𝑐𝑝 𝑠𝑜 ∗ 𝜔

2 +  
1

2
∗  𝑃 +𝑚𝑝𝑜𝑙𝑒𝑎𝑐𝑝𝑠𝑜  ∗ 𝑣

2 

𝐸𝑐𝑐𝑝𝑠𝑜 =  
1

2
∗ 0.01𝐾𝑔 ∗ 𝑚2 ∗ (12.5𝑟𝑎𝑑/𝑠)2 +  

1

2
∗  1265 𝐾𝑔 + 4𝐾𝑔 ∗ (1𝑚/𝑠)2 = 635.06 𝐽

𝐸𝑝𝑐𝑎𝑏𝑖𝑛𝑎 =  𝑃 +𝑚𝑝𝑜𝑙𝑒𝑎𝑐𝑝𝑠𝑜  ∗ 𝑔 ∗ 𝑕

𝐸𝑝𝑐𝑎𝑏𝑖𝑛𝑎 =  1265 𝐾𝑔 + 4𝐾𝑔 ∗ 𝑔 ∗ −0.6𝑚 = −7469.33 𝐽

 𝐸𝑐 + 𝐸𝑝 = 20𝐽 + 102.65𝐽 + 894.25𝐽 + 10368.19𝐽 + 635.06 𝐽 − 7469.33𝐽 = 4550.82 𝐽



𝑇𝑓𝑟𝑒𝑛𝑜 =
 𝐸𝑐 +  𝐸𝑝

𝜃𝑓
=

4550.82 𝐽

7.55 𝑟𝑎𝑑
→ 𝑇𝑓𝑟𝑒𝑛𝑜  = 606.78 𝑁.𝑚

Modelo motor maGO175.2.320 

Par freno 2x480 N.m 

Potencia 2x85 W 

Tensión 207 V 

𝑎𝑓𝑟𝑒𝑛𝑜 ≤ 𝑎𝑝𝑎𝑟𝑎𝑐𝑎 í𝑑𝑎𝑠

0.83 𝑚/𝑠𝑒𝑔2 < 3.35𝑚/𝑠2

𝑎𝑓𝑟𝑒𝑛𝑜𝑚𝑎𝑥𝑖𝑚𝑜 = 1.13𝑚𝑚/𝑠2

𝑡𝑓𝑟𝑒𝑛𝑜𝑚 á𝑥𝑖𝑚𝑜 = 0.89𝑠𝑒𝑔

𝑇𝑓𝑟𝑒𝑛𝑜𝑚 á𝑥𝑖𝑚𝑜 = 683.5 𝑁.𝑚





 

 

 

 



 

 

 



 

 

 

 



 

1.15 ∗ 𝑉𝑛 ≤ 𝑣𝑙𝑖𝑚 ≤ 1.5𝑚/𝑠

1𝑚/𝑆 ≤ 𝑣𝑙𝑖𝑚 ≤ 1.5𝑚/𝑠

𝑣𝑙𝑖𝑚 = 1.5𝑚/𝑠



𝑕(𝑚) =
𝑣1

2

2∗𝑔
+ 0.1 + 0.03 

𝑕 = 0.19𝑚



 

𝑣𝑎𝑐𝑡𝑢𝑎𝑐𝑖 ó𝑛 ≥ 1.15𝑚/𝑠

𝑄𝑝𝑎𝑟𝑎𝑐𝑎 í𝑑𝑎𝑠 = 𝑄𝑛 + 𝑄𝑐 +𝑚𝑝𝑜𝑙𝑒𝑎𝑠𝑐 𝑕𝑎𝑠𝑖𝑠 +𝑚𝑐𝑎𝑏𝑙𝑒𝑠

𝑄𝑝𝑎𝑟𝑎𝑐𝑎 í𝑑𝑎𝑠 = 630𝐾𝑔 + 950𝐾𝑔 +  2 ∗ 12𝐾𝑔 + 51.32𝐾𝑔 = 1655.32𝐾𝑔



𝑕(𝑚) =
𝑣1

2

2 ∗ 𝑔
+ 0.1 + 0.03 

𝑕 = 0.19𝑚

𝑡𝑓𝑟𝑒𝑛𝑜𝑝𝑎𝑟𝑎𝑐𝑎 í𝑑𝑎𝑠 = 0.34 𝑠

𝑎𝑝𝑎𝑟𝑎𝑐𝑎 í𝑑𝑎𝑠 = −3.35𝑚/𝑠2



 

 

 

 



 

 

 



- 

o 

o 

- 



 

 

𝑀𝑐𝑎𝑏 =  𝑄𝑐 + 𝑄𝑛 +𝑚𝑝𝑜𝑙𝑒𝑎𝑠𝑐 𝑕𝑎𝑠𝑖𝑠 +𝑚𝑐𝑎𝑏𝑙𝑒𝑠

1655.32𝐾𝑔 =  950𝐾𝑔 + 630𝐾𝑔 +  2 ∗ 12𝐾𝑔 + (4 ∗ 47𝑚 ∗ 0.273𝐾𝑔)

𝑀𝑐𝑎𝑏
′ =  827.66 𝐾𝑔

𝐶𝑎𝑟𝑟𝑒𝑟𝑎𝑐𝑎𝑏𝑖𝑛𝑎 = 0.9 ∗ 𝑕 = 0.9 ∗ 80𝑚𝑚 = 72𝑚𝑚



 

𝑀𝑐𝑝𝑠𝑜 =  𝑃 + 𝑚𝑝𝑜𝑙𝑒𝑎𝑐𝑝𝑠 𝑜 +𝑚𝑐𝑎𝑏𝑙𝑒𝑠

1320.32𝐾𝑔 =  1265𝐾𝑔 + 4𝐾𝑔 + (4 ∗ 47𝑚 ∗ 0.273𝐾𝑔)

𝑀𝑐𝑝𝑠𝑜
′ =  660.12 𝐾𝑔



𝑣𝑓 = 𝑣𝑜 + 𝛼𝑡

𝑥𝑓 = 𝑣𝑜 ∗ 𝑡 +
1

2
∗ 𝛼 ∗ 𝑡2

𝛼𝑎𝑚𝑜𝑟𝑡𝑖𝑔𝑢𝑎𝑑𝑜𝑟 = −9.18𝑚/𝑠2

𝑡 = 0.12𝑠𝑒𝑔



 



𝐹𝑠 = 0.6 ∗ 𝑔 ∗ 𝑄𝑛



𝛿𝑚𝑎𝑥 = 5𝑚𝑚

 



𝜆 =
𝑙𝑘

𝑖𝑦𝑦
=

2500𝑚𝑚

18.23𝑚𝑚
= 137.13

𝑤370 = 0.00016887 ∗ 𝜆2 = 3.17

𝑤520 = 0.00025330 ∗ 𝜆2 = 4.76

𝑤 =  
𝑤520−𝑤370

520−370
∗  𝑅𝑚 − 370  + 𝑤370 = 3.70





 

Actuación del paracaídas 

Esfuerzo de flexión Esfuerzo de pandeo 

Respecto eje Y Fv 19018.25 N 

Fx -1577.11 N σk 44.68 N/mm2 

My -739268.42 N.mm Esfuerzos combinados 

σy -62.76 N/mm2 σ -62.76 ≤σperm 

Respecto de eje X σ 74.82 ≤σperm 

Fy 0 N σ -101.16 ≤σperm 

Mx 0 N.mm Torsión 

σx 0 N/mm2 σf -13.29 ≤σperm 

      Deflexiones 

      δx -3.27 ≤δperm 

      δy 0 ≤δperm 

𝜎𝑝𝑒𝑟𝑚 =
𝑅𝑚

𝐶𝑠
=

420𝑁/𝑚𝑚 2

1.8
= 233.33 𝑁/𝑚𝑚2

𝛿𝑝𝑒𝑟𝑚 = 5𝑚𝑚

 

Utilización normal, en funcionamiento 

Esfuerzo de flexión Esfuerzo de pandeo 

Respecto eje Y Fv 2779.5654 N 

Fx -231.76 N σk 1.76256525 N/mm2 

My -108638.09 N.mm Esfuerzos combinados 

σy -9.22 N/mm2 σ -9.22 ≤σperm 

Respecto de eje X σ -7.46 ≤σperm 

Fy 0.00 N σ   ≤σperm 

Mx 0.00 N.mm Torsión 

σx 0.00 N/mm2 σf -1.95 ≤σperm 

      Deflexiones 

      δx -0.48 ≤δperm 

      δy 0 ≤δperm 



𝜎𝑝𝑒𝑟𝑚 =
𝑅𝑚

𝐶𝑠
=

420𝑁/𝑚𝑚2

2.25
= 186.66 𝑁/𝑚𝑚2

𝛿𝑝𝑒𝑟𝑚 = 5𝑚𝑚

 

Utilización normal, cargando 

Esfuerzo de flexión Esfuerzo de pandeo 

Respecto eje Y Fv 2779.5654 N 

Fx 486.39 N σk 1.76256525 N/mm2 

My 227995.13 N.mm Esfuerzos combinados 

σy 19.35 N/mm2 σ 19.35 ≤σperm 

Respecto de eje X σ 21.12 ≤σperm 

Fy 0 N σ   ≤σperm 

Mx 0 N.mm Torsión 

σx 0 N/mm2 σf 4.10014382 ≤σperm 

      Deflexiones 

      δx 1.00699581 ≤δperm 

      δy 0 ≤δperm 

𝜎𝑝𝑒𝑟𝑚 =
𝑅𝑚

𝐶𝑠
=

420𝑁/𝑚𝑚2

2.25
= 186.66 𝑁/𝑚𝑚2

𝛿𝑝𝑒𝑟𝑚 = 5𝑚𝑚



 

𝑀𝑎𝑢𝑥 =  𝑚𝑚𝑜𝑡 +𝑚𝑝𝑜𝑙𝑒𝑎𝑚𝑜𝑡𝑜𝑟 +
𝑄𝑐+𝑄𝑛+𝑚𝑝𝑜𝑙𝑒𝑎𝑠𝑐 𝑕𝑎𝑠𝑖𝑠

2
+ 𝑃 +𝑚𝑝𝑜𝑙𝑒𝑎𝑐𝑝𝑠𝑜 +𝑚𝑐𝑎𝑏𝑙𝑒𝑠

𝑀𝑎𝑢𝑥 = 224𝐾𝑔 + 20𝐾𝑔 +
950𝐾𝑔 + 630𝐾𝑔 + 2 ∗ 12𝐾𝑔

2
+ 1265𝐾𝑔 + 4𝐾𝑔 + 51.32𝐾𝑔

= 2366.62𝐾𝑔



𝜆 =
𝑙𝑘

𝑖𝑦𝑦
=

3000𝑚𝑚

18.23𝑚𝑚
= 164.56

𝑤370 = 0.00016887 ∗ 𝜆2 = 4.57

𝑤520 = 0.00025330 ∗ 𝜆2 = 6.85

𝑤 =  
𝑤520−𝑤370

520−370
∗  𝑅𝑚 − 370  + 𝑤370 = 5.33



 

Actuación del paracaídas 

Esfuerzo de flexión Esfuerzo de pandeo 

Respecto eje Y   Fv 15731.90 N 

Fx 75.99 N σk 131.63 N/mm2 

My 42742.72 N.mm Esfuerzos combinados 

σy 3.63 N/mm2 σ 22.24 ≤σperm 

Respecto de eje X   σ 46.94 ≤σperm 

Fy 474.919104 N σ 151.65 ≤σperm 

Mx 267141.996 N.mm Torsión 

σx 18.61616697 N/mm2 σf 0.64 ≤σperm 

      Deflexiones 

      δx 0.27 ≤δperm 

      δy 1.48833916 ≤δperm 

𝜎𝑝𝑒𝑟𝑚 =
𝑅𝑚

𝐶𝑠
=

420𝑁/𝑚𝑚2

1.8
= 233.33 𝑁/𝑚𝑚2

𝛿𝑝𝑒𝑟𝑚 = 5𝑚𝑚



 

Utilización normal, en funcionamiento 

Esfuerzo de flexión Esfuerzo de pandeo 

Respecto eje Y Fv 2779.5654 N 

Fx 45.59 N σk 16.4826662 N/mm2 

My 25645.63 N.mm Esfuerzos combinados 

σy 2.18 N/mm2 σ 13.35 ≤σperm 

Respecto de eje X σ 29.83 ≤σperm 

Fy 284.95 N σ   ≤σperm 

Mx 160285.20 N.mm Torsión 

σx 11.17 N/mm2 σf 0.38 ≤σperm 

      Deflexiones 

      δx 0.16 ≤δperm 

      δy 0.8930035 ≤δperm 

𝜎𝑝𝑒𝑟𝑚 =
𝑅𝑚

𝐶𝑠
=

420𝑁/𝑚𝑚2

2.25
= 186.66 𝑁/𝑚𝑚2

𝛿𝑝𝑒𝑟𝑚 = 5𝑚𝑚



 

- 

- 

- 

- 

 



o 

o 

o 

 



𝑋𝑐𝑎𝑏𝑖𝑛𝑎𝑓𝑜𝑠𝑜 = 𝑑𝑒𝑠𝑝𝑎𝑐𝑖𝑜 + 𝑕𝑎𝑚𝑜𝑟𝑡𝑖𝑔𝑢𝑎𝑑𝑜𝑟

172 𝑚𝑚 = 100𝑚𝑚 + 72𝑚𝑚

o 

o 



 

o 

o 

o 

o 





 

𝐶𝑠𝑛𝑜𝑟𝑚𝑎𝑙 ≥ 3

- 

- 

- 

- 

- 

- 



- 

- 

- 



- 



 

- 

- 

- 



- 

- 



 

𝑞𝑄𝑛 =
𝑄𝑛

𝑙′∗2
=

630𝐾𝑔

1125𝑚𝑚∗2
= 0.28𝐾𝑔/𝑚𝑚

𝑞𝑝 =
𝑄𝑐∗0.5

𝑙∗2
=

950𝐾𝑔∗0.5

1500𝑚𝑚∗2
= 0.158𝐾𝑔/𝑚𝑚



𝑅1 = 129.02𝐾𝑔          𝑅2 = 373.20𝐾𝑔         𝑅3 = 50.28𝐾𝑔

 

𝑄𝑠𝑢𝑠𝑝 =
(𝑄𝑐∗0.5)+𝑚𝑝𝑜𝑙𝑒𝑎𝑠𝑐 𝑕𝑎𝑠𝑖𝑠+𝑚𝑐𝑎𝑏𝑙𝑒𝑠

2

275.16𝐾𝑔 =
(950𝐾𝑔 ∗ 0.5) +  2 ∗ 12𝐾𝑔 + 51.32𝐾𝑔

2



𝑄𝑐𝑜𝑚𝑝 = 𝐹𝑐𝑜𝑛𝑗𝑢𝑛𝑡𝑜

𝐹𝑐𝑜𝑛𝑗𝑢𝑛𝑡𝑜 =
𝑄𝑛 + 𝑄𝑐 +𝑚𝑝𝑜𝑙𝑒𝑎𝑠𝑐 𝑕𝑎𝑠𝑖𝑠 +𝑚𝑐𝑎𝑏𝑙𝑒𝑠

2

𝐹𝑐𝑜𝑛𝑗𝑢𝑛𝑡 𝑜 =
630𝐾𝑔 + 950𝐾𝑔 +  2 ∗ 12𝐾𝑔 + (4 ∗ 47𝑚 ∗

0.273𝐾𝑔

𝑚
)

2
∗ 𝑔 = 8119.36 𝑁









 





 





 





𝜎𝑥 =
𝑁

𝐴
+

𝑀𝑥

𝑊𝑥
+

𝑀𝑦

𝑊𝑦

𝜏𝑚𝑎𝑥 =
𝑀𝑜

𝑊𝑜

𝜎1,3 =
𝜎𝑥

2
±  

𝜎𝑥

2
 

2

+ 𝜏𝑚𝑎𝑥
2

𝜎𝑣𝑚 =  
 𝜎1−𝜎2 

2+ 𝜎2−𝜎3 
2+ 𝜎3−𝜎1 

2

2



𝜎𝑣𝑚

𝜎𝑣𝑚

 



 



 

𝑥𝑔 =
 𝐴𝑖∗𝑥𝑖

 𝐴𝑖
;    𝑦𝑔 =

 𝐴𝑖∗𝑦𝑖

 𝐴𝑖

𝐼𝑥 = 𝑏 ∗ 𝑕3;      𝐼𝑦 = 𝑕 ∗ 𝑏3;       𝐼𝑜 =
1

12
∗ 𝑏 ∗ 𝑕 ∗ (𝑏2 + 𝑕2)



𝐼𝑥𝑔 = 𝐼𝑥 +  𝐴 ∗  𝑦𝑔 − 𝑦𝑖 
2
 

𝐼𝑦𝑔 = 𝐼𝑦 + (𝐴 ∗ (𝑥𝑔 − 𝑥𝑖)
2)

𝐼𝑜𝑔 = 𝐼𝑜 + (𝐴 ∗ (𝑑)2)

𝐼𝑋 =  𝐼𝑖𝑥𝑔 ;      𝐼𝑌 =  𝐼𝑖𝑦𝑔 ;      𝐼0 =  𝐼𝑖𝑜𝑔

𝑊𝑥 =
𝐼𝑋

𝑦𝑚𝑎𝑥
;       𝑊𝑦 =

𝐼𝑌

𝑥𝑚𝑎𝑥
;       𝑊𝑜 =

𝐼𝑂

𝑑𝑚𝑎𝑥

lix Ixglobal liy lyglobal Ioi Iglobal 

612 72594.1795 19652 592688 20264 665282.18 

45562.5 45700.7611 810 294840 46372.5 340540.761 

1080 148201.321 108000 108000 109080 256201.321 

45562.5 45700.7611 810 294840 46372.5 340540.761 

612 72594.1795 19652 592688 20264 665282.18 

384791.202 1883056 2267847.2 

16574.6852 26900.8 30934.4446 



𝜎𝑥 =
𝑁

𝐴
+

𝑀𝑥

𝑊𝑥
+

𝑀𝑦

𝑊𝑦

𝜏𝑚𝑎𝑥 =
𝑀𝑜

𝑊𝑜

𝜎1,3 =
𝜎𝑥

2
±  

𝜎𝑥

2
 

2

+ 𝜏𝑚𝑎𝑥
2

𝜎𝑣𝑚 =  
 𝜎1−𝜎2 

2+ 𝜎2−𝜎3 
2+ 𝜎3−𝜎1 

2

2

𝐶𝑠 =
𝜎𝑒𝑙

𝜎𝑣𝑚

𝜎𝑥 57.27 𝜎1 59.98 𝜎𝑣𝑚 61.38 

𝜏𝑚𝑎𝑥 12.75 𝜎2 -2.71 𝐶𝑠 4.48 



 

53.00 mm 

145.58 mm 

 

lix Ixglobal 

3906250 4224005.21 

225 3177777.08 

3906250 4224005.21 

 11625787.5 

Wx 79856.5827 



𝜎𝑥 = 𝜎𝑣𝑚 23.04 

𝐶𝑠 11.94 

 

67.00 mm 

125.00 mm 



lix Ixglobal liy lyglobal Ioi Iglobal 

3906250 3906250 562.5 3218250 3906812.5 7124500 

288 5857152 524288 524288 524576 6381440 

3906250 3906250 562.5 3218250 3906812.5 7124500 

288 5857152 524288 524288 524576 6381440 

19526804.0 7485076.0 27011880 

156214.432 111717.552 190460.793 

𝜎𝑥 0 𝜎1 3.04 𝜎𝑣𝑚 5.26 

𝜏𝑚𝑎𝑥 3.04 𝜎2 -3.04 𝐶𝑠 52.23 

 



67.00 mm 

125.00 mm 

 

lix Ixglobal 

157.5 56523.5212 

601526 719305.746 

157.5 56523.5212 

 832352.788 

Wx 11890.7541 

𝜎𝑥 = 𝜎𝑣𝑚 48.69 

𝐶𝑠 5.65 

Tensiones y coeficientes de seguridad bastidor 

Componente 𝜎𝑣𝑚 (max) 𝐶𝑠

Perfil de cabina 61.38 Mpa 4.48 

Perfil de suspensión 23.04 Mpa 11.94 

Travesaño inferior 5.83 Mpa 47.10 

Largueros verticales 48.72 Mpa 5.64 



 









𝐶𝑠𝑐𝑕𝑎𝑠𝑖𝑠 = 2.81







𝐶𝑠𝑐𝑕𝑎𝑠𝑖𝑠𝑚𝑜𝑑𝑖𝑓𝑖𝑐𝑎𝑑𝑜 = 4.27



 

1

2
∗  𝑄𝑐 + 𝑄𝑛 +𝑚𝑝𝑜𝑙𝑒𝑎𝑠𝑐 𝑕𝑎𝑠𝑖𝑠 +𝑚𝑐𝑎𝑏𝑙𝑒𝑠  ∗ 𝑣𝑛

2 = 𝐹𝑖𝑚𝑝𝑎𝑐𝑡𝑜 ∗ 𝑕𝑐𝑎𝑟𝑟𝑒𝑟𝑎

1

2
∗  950𝐾𝑔 + 630𝐾𝑔 +  2 ∗ 12𝐾𝑔 + 51.32𝐾𝑔 ∗ (1𝑚/𝑠)2 = 𝐹𝑖𝑚𝑝𝑎𝑐𝑡𝑜 ∗ 72𝑚𝑚

𝐹𝑖𝑚𝑝𝑎𝑐𝑡𝑜 = 15202.32𝑁
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E.G CABINA 1300

320

Ø 120

Comprobado

Dibujado

Fecha Nombre

Escala Titulo

Firma:

Nº Alumno   680309

Curso     Proyecto final de grado

Plano Nº      1

1 2 3 4

A

B

C

D

E

F

A41 2 3

A

B

C

D

E

F

1:15 1 - PLANTA

946

56
7

Ignacio Sánchez Francisco30/01/2018

62

Ø 240



Comprobado

Dibujado

Fecha Nombre

Escala Titulo

Firma:

Nº Alumno   680309

Curso     Proyecto final de grado

Plano Nº      2

F

A41 2 3

F
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Ignacio Sánchez Francisco30/01/2018



Comprobado

Dibujado

Fecha Nombre
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