Extension Stroke:

AmY) Fe= P * Ap
Retraction Stroke:

Qin(m‘;/s)
(4, = Am® | Fro= P * (Ap-Ar)

vr(’!(m/s) -

Viet>Vext & Frer<Fext



'EXAMPLE 6- 1

A pump supphea 01] at 20 gpm to a 2-in-diameter double-acting hydraulic cylinder. If

;the load is ]00{} b (extendmg and retracting) and the rod diameter is 1 in, find

A T-‘hc hvdraulic pressure during the extending stroke
T b. The plston velocity during the extending stroke

c The cy!mder horsepower during the extending stroke
d. The hydraulic pressure during the retraction stroke
: e The piétonf?e]ocity during the retraction stroke
~f. The cylinder horsepower during the retraction stroke

Saitmon |
: v Foi (lb_) _ 10(}(} 1000

= 318 psi

_Q.(075) 20449 0.0446
";q L2 3147144 0.0218
Vet (f;‘u’q) > Feu (“3’) " __2 05 > 1000 °

= 2.05 ft/s

S o HP 550
: Q,..(gpm) > pm{psrt) 20 x 118 S E
o 174 1714 HTEHE
it A3 S ooki Er
Pm - Froe(1b) 1 SR 1000 E= 425 psx

1 S (A,, — A)m?. 3.14 - (77/4)(1)’- - 2355
:“I&IT@foﬁ. ‘as expeued more pr e-ssure: is n,quu*crd to retract than to extend Lht: sd.nlf.,
-load due to th{. e:ffe:ct of the rod. ERRLES :

oononis i P TITIREERESY it Qm (i't"fé) . 0.0446 didugEnn b en
e : = o= 273 ftfs
tiaziiiis Yt T (A, ~ A fE 2.355/144 £
.I:'[ence as expe:cied (iur the same pump flow), thc, piston retraction w,l()uty is. g1¢ater_

thdn that for extension due to thc c_fk,gt ui the rod.

SITSIETRE TR PN A vw.(ﬂ/s) X F,(b) 273 % 1000 R
CHP . = a C >
£ S b }_’_‘*’ BiT 550 - . 550 4")_‘? HE:

cEE el £ - : Qm{gpnl) > l)uf(p"") 20 > 455 : :
Qf_ LT ; i Hp’w =i : 17!4 Ex = = 1714 T =-4.96 HP
Thus, more horsepc;wer is supplied by the cylinder during the relrdcium stroke because
the piston velogity is greater during retraction and the load force remained the same
during both strokes. This, of coursc, was accomplished by the greater pressure level
during the i‘e‘trnt,tlﬁn b,tfnjk(_ RLLd]] that the pufnp Dutput flow-rate is constarnt, Wlth a

value of 20 gpm. -




_EXAMPLF 62 -

'Fmd the cylmder force F reqmred to move a 6000-1b weight W along a hortzontal sur-
face at a constant velocity. The coefficient of friction (CF) between the weight and hor-
izontal support surface equals 0.14.

Solution

The frictional force f between the weight and its horizontal supporting surface equals
_ CF tlmes W Thus, we have

F f (CF) X W=0.14 X 6000 Ib = 840 Ib

R *

2\

N N e R

{a} (b}

;.EXAMPLE 6-3

i ;I*md the cylmder force F. rcqulred to lift the 6000 Ib welght W of Example 6-2 alcmg
a dlrectmn which is 30° from the horuumal as shown in Figure 6-8(a). The welght 18
- moved at constant velocity. ;

: ,Solafion , B

~ Asshown in Figure 6- 8(b) the cyhnder force F must equal the component of the weight
acting dlong the centerline of the cylinder. Thus, we have a right triangle with the hy-
potenuse W and the side F forming a 60° angle. From trigonometry we have sin 30° =
.-FIW Soiwng for Fyleich - -

F= W sin 30° = 6000 1b X sin 30° = 3000 Ib



.the prac:luct of the mass 1 ﬁnd 1ts a@cc!c: atlon a. Not;n;:, that mass Lquals wught
divided by the acceleration of gravity g, we have

s feifyst

accelerate the weight is

~ 2980 1b

" i‘éq’i—iifrﬁed : e.cfuais the sum of “th_ﬁ:_ weight and the acceleration

F, oyl 6000") = 298(} !b 8‘)80 Ib



First-Class Lever System

LOAD

ROD PIN
CYLINDER

ROD PIN
F
F ! HINGE ¢ toad
oyl J PIN
CYLINDER /

o

AR

Fey (Lycos @ X cos p) = Fipq(L, cos )




Second-Class Lever System

CYLINDER /

F. cos ¢ (L + Ly)cos 0 = Fiy,q(L, cos 6)

Foy = = F
cyl (Ll + LZ)COSQ’) load




Third-Class Lever System

FIXED
HINGE
PIN

‘ CYLINDER

Fluad } o) :

ANMARRRTRTRIHHR;RNhw

Fcyl COS Q') (LZ COS H) - Fluad(Ll + L2) cos 6
L, + L,

1 = load
Y Lyeos¢p




E‘KAMPLE 6o-5 P L
For thc flrst« wcond- and thxrd class iever system«s of Flgures 6-12, 6-13, and 6-14 the

fo&lowmg dal;a are. gwan

Ly =1, = 10 in
& = 0°

}:‘luad e ‘1:‘)(“) Ib

Find thc cylihd&f force required to overcome the load force for the

a. First-class lever
b. Sccond-class lﬁ«:vel
L hlrci class lever

Solurion
a. Per Eq. (6-7) we have:

£ Ty SNV
Fop = F oy Frona = ; (1000) = 1000 1b
b. Using Eq. (6_8)'yiélds’;
' s 10 :
Sy — e - QO == SO0 1T
Pt gy L2)cos & Froaa = 050"V 10y = 1 (1000) 00 1

<. Substituting into Eq. (6-9), we have

; (10 + 10)
Flppai 7% W (1000) = 2(}00 it

Thus, as expected, the secondvclaﬁs lever r:.,quar{,s the smallest Lylll’ldel force, whereas
the third-class lever requires the largest cyvlinder force.



