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The Stability of Hydraulic Cylinder and Optimization Based on
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Abstract: The hydraulic cylinder is composed of diverse cylindrical cases and piston rods which can be
treated as a slender bar that suffers from axial compressions. So stability check must to be carried out. Each
cylindrical segment was processed as a compressed unit. The bending torques and shearing forces of these u—
nits could be regarded as state vectors to solve the unit matrix. By multiplying unit transfer matrices the cor—
relation between state vectors of piston rod was obtained based on the constraints of hydraulic cylinder and a
generic function was deduced for cylinder stability. With integration of optimization design techniques with
MATLAB the rationale dimensions of hydraulic cylinder were obtained under volume constraint. Through
comparing the results from Rits method and test it was indicated that the calculated functional calculation re—

sults were closer to the accurate values.
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Fig.1 Force and deformation diagram of hydraulic cylinder Fig.2 Vector diagram of piston rod
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d*x/dx* + (p/EI) d*y/d” = 0
dy/dx -0 =0
do/dx - M/EI =0 (3)
dM/dx — Q +pf =0
dQ/dx = 0.
K = p/(EI) (2) (3)
[y = Asinkx + B cos kx + Cx + D
@—Akcoskx—Bksinkx+C (4)
E’V/ = — EI’( A sin kx + B cos kx)
Lo = - Elk*C
ABCD .
y(2) 6(i) M(i) Q1) (4)
(i) =B+D A = Q(i) /( EIF)
Bo(i) =Ak+Cc B = - M(i) /(EIF)
a. , =0 . , (5)
E’V/(L) =-EIk'B EC:Q(L)/(EIIC)
Yoty =-E*c U = (i) +M(i) /(EIR).
(3) — (5 3
y(i+1) =y(1) + (sinkl)0(i) 7k + (1 — cos kl) M(i) /p + (kL — sin kl) Q( i) /kp
0(t+1) = cos(kl)0(i) + (sin kl) M(i) /p + (1 = cos k) Q(i) /p (6)
M(i+1) =-(p/k)sin( k) (i) + cos(kl) M(i) + (sin kl) Q( i) /k
Qi +1) = 0Q(1).
(6) :
oli+l) o sin kl/k (1 —coskl) /p (kl - sinkl) /kpy(i)
Ch(i+1) O DO cos ki k sin kl/, (1 - cos kl) /p (i) O
Uy 0= BD . P . Pt g (7)
(i +1) O - p sin kl/k cos ki 1/(k sin kl)  M(7) O
Yoti+ B B 0 0 1 Moy U
(7) (1)
1
1
Tab. 1 Characteristic equation of critical load with different constraints
Restraint of hydraulic clinder Boundary conditions Characteristic equation
Freejﬁxed y(1) =M(i) =0 6(i+1) =Q(i+1) =0 bty — bty =0
Hinged-hinged y(i) =M(i) =0 y(i+1) =M(i+1) =0 tioty, — byt =0
e ) =MD =0 y(i+1) =a(i+1) =0 e =t =0
Fixed-fixed yo=o(y =07 y(li+ ) =6(i+1) =0 tistyy =ity =0
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Tab.2 Expression of critical load

Restraint pattern ~ Freefixed Hinged-hinged Hingedfixed  Fixedfixed

Critical load p,, 1.03E, 1,/ 4.12E,1,/ 8.23E,1,/I} 16.46E, 1, /I}
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Fig.6 Deformation of hydraulic cylinder
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Fig.7 Stress of hydraulic cylinder
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