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ABSTRACT 
 
RV is known as the title of "home" on wheels, having two big functions following both
"room" and "car". But its attribute is car, and is a kind of portable car having the basic
facilities of home. The common types of RV are self-propelled, pull-type, mobile villa and
cross-country. In the paper, starting from the actual needs of people, the outward
extension part of the self-propelled A-RV has been converted into a balcony in order to
make the person having a large living room, kitchen or bedroom and let people travel at
the same time find the feeling of the real home. But in this paper, the hydraulic parts and
working principle of the extend balcony in the central body have been designed and
calculated. According to the results, the balcony can make the internal space extension of
4 square meters, the working principle was reasonable, the calculation of hydraulic
driving part conformed to the design requirements. 
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kNP 12820max =  
 
 Length of oil cylinder fully stretching: mml 2693max = ; 

 Length of oil cylinder fully shrinkaging: mml 1493min = ; 
 Trip of oil cylinder: mmL 1200= ; 
 The inner diameter of oil cylinder: mmD 80= ; 
 Outer diameter of oil cylinder: mmD 1001 = ; 

 The inner diameter of the piston rod: mmd 3701 = ; 
 Outer diameter of the piston rod: mmd 400= ; 
 Length of guide sleeve: L mmD = 200 ; 
 Length of the piston: L mmH = 120 ; 
 The maximum working pressure of oil cylinder: 
 

MPacmkg
D
Pp 5.30/6.304

80
1282044 2

22
max ==

×
×

=
⋅
⋅

=
ππ

 

 
Stability checking of the oil cylinder 
 Moment of inertia of the piston rod: 
 

( ) ( ) 4
444

1
4

88.9070
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−
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 Section area of the piston rod: 
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222

1
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 Moment of inertia of the cylinder: 
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 Section area of the cylinder: 
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Radio of length and thinness: 4.91
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m n = =85 1 85  
 
 According to Euler’s formula, the stability critical load of the hydraulic cylinder PK: 
 

P
n EJ

lK =
π 2

2  

 
 In the formula, symbolic meaning with former, n is terminal condition coefficient; taking n = 1. 
 (I) : oil cylinder all stretched out, and when P = 128200 kN 
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P
n EJ

lK =
π 2

2

( )
2

446

2693

3740
64

101.21 −×××××
=

πππ
kN2.333785=  

 

Safety factor, 6.2
128200

2.333785

max

===
P
Pn K

K  

 
 Oil cylinder satisfied the requirement of stability of compressive bar. 
 (II) : When the oil cylinder was not completely stretched out (L = 71493 cm), P = 128200 kN. 
 

P
n EJ

lK =
π 2

2

( )
2

446

1293

3740
64

101.21 −×××××
=

πππ
kN2.383135=  

 

Safety factor, 1.3
128200

2.383135

max

===
P
Pn K

K  

 
 Oil cylinder satisfied the requirement of stability of compressive bar. 
 
Strength calculation of the piston rod 
 
(1) Calculation of initial deflection value δ0 of the hydraulic cylinder 
 

( )
δ α0

1 2 1 2 1 2

2 2
=

+
+

△ △ l l
al

Gl l
pl

Cos  

 
 In the formula, △ 1  was the fitting clearance of the piston rod and guide sleeve, taking cm0922.01=△ ;△ 2  was 
the fitting clearance of the piston and cylinder, taking cm2289.02 =△ ; l1 was distance from pin hole of the piston rod 
head to middle of the guide sleeve, taking l1=373.5cm; l2 was distance fro m pin shaft hole of the cylinder bottom end to 
middle of guide sleeve, taking l2=377cm; l was the distance between the hydraulic cylinder pin hole on both ends, the piston 
rod full stretching, taking l=750.5cm; a was distance from guide set of sliding front end to the end of the piston sliding 
surface, piston rod full stretching, taking a=56cm; G was the weight of the cylinder itself, G=1250kg; α  was Angle between 
the hydraulic cylinder and the horizontal plane, o89=α ; P was oil cylinder maximum thrust, taking P=128200kg. 
 

( )
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1 2 1 2 1 2
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+
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( ) o89cos

5.7501282002
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cm653.0=  

 
(2) Calculation of maximum deflection δmax of the hydraulic cylinder 
 According J J2 15< ， l l1 2≠ , the maximum deflection calculation formula. 
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 In the formula: 
 

3
6

11

max
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××
==

JE
PK  

 
( ) ( ) 89.15.373109.23.573.57 3

111 =×××=⋅= −tglKtgt  
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(3) Strength checking of the piston rod 
 In the axial compression load and weight of hydraulic cylinder, on the cross section of the maximum deflection of 
the piston rod, the synthetic stress was: 
 

σ
δ
ω

= +
⋅P

A
P max  

 
 In the formula, P was maximum thrust of the piston rod, taking kNp 128200= ;δmax  was maximum deflection 

value of the hydraulic cylinder, δmax .= 0324cm ; A was section area of the piston rod, A cm= 87 2 2. ;ω was section 
modulus of the piston rod, computation formula was as follows. 
 

( ) ( )
ω

π π
=

−
=

× −
×

=
D d

D

4 4 4 4

32
20 17

32 20
3754.  

 

σ
δ
ω

= +
⋅P

A
P max = +

×122500
87 2

122500 0 324
375 4.

.
.

= 1510 2kg cm/ = 151MPa  

 
 45 steel has been used to the piston rod, σS kg cm= 3000 2/ . 

 Safety factor: n S= = =
σ
σ

3000
1510

198.  

 By the calculation, meet the design requirements. 
 
Calculation of wall thickness of the cylinder 
 Material of the cylinder was 27SiMn,σb kg cm= 10000 2/ , Taking safety factor n = 4 , so the allowable stress 
was: 
 

[ ]σ σ
= = = =b

n
kg cm MPa

10000
4

2500 2502/  

 
 The maximum working pressure of the oil cylinder P kg cm MPa= =216 5 21652. / .  
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[ ]δ
σ

≥ =
×

×
=

PD
cm

2
2165 30

2 250
1299

.
.  

 
 The actual wall thickness of the oil cylinder 
 

cm5.1' =δ  
 

δδ f'  Meet the requirements. 
 

CONCLUSIONS 
 
 The popularity of cars has made more and more people start to look for the mobile life. Then, the industry of RV 
also prospers. By 1950, the RV has from homemade small canned room luxury villa development to 30 feet long. RV is 
known as the title of "home" on wheels, having two big functions following both "room" and "car". But its attribute is car, 
and is a kind of portable car having the basic facilities of home. The common types of RV are self-propelled, pull-type, 
mobile villa and cross-country. In the paper, starting from the actual needs of people, the outward extension part of the self-
propelled A-RV has been converted into a balcony in order to make the person having a large living room, kitchen or 
bedroom and let people travel at the same time find the feeling of the real home. But in this paper, the hydraulic parts and 
working principle of the extend balcony in the central body have been designed and calculated. 
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