6. Hydraulic Cvlinders

Construction & design features of hydraulic cylinders
Hydraulic cylinder mountings ¥
Load-carrying capacity, speed, & power ¥

Operation & features of double-rod cylinders
Max. pressure developed by cushions ¥
Telescoping cylinders

Hydraulic shock absorbers &
Analysis of hydraulic cylinder piston rod forces
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MY X 0lE{(Linear Actuators)el £S£

INW; PN

Motion Simulator

Press

Hlgi] 25

Hydraulic
Manipulators
Precise positioning
of loads up to

1500 pounds
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Rough terrain forklift driven by hydraulic cylinders
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=S8 (Double acting) o EEIN B (EEa)) o T|AEY (EFa))
H=Z2 S (Single rod)
22 =S (Double rod) « ElmeYy (=Tl o opmevy ()

SoNEE/ FH3HES

E foot type BT 2EE 0 = 10m/min ©[LH, Sm/min ° |40 |2 RMRYA| =o
E flange type

E trunnion type

B clevis type
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Double-acting Cylinder Design

LONG WEARING, DUAL PURPOSE 0" RING

CARTRIDGE TYPE, WITH BACKUP WASHER
BRONZE BUSHING ADEQUATE PORTING

STEEL TUBE

TIEROD CONSTRUCTION FOR
MAXIMUM STRENGTH

HIGH TENSILE STEEL,

SUPER FINISHED, HARD

CHROME PLATED
PISTON ROD

4WRENCH FLATS

DOUBLE ACTING
ROD WIPER SELF-LOCKING TIE ROD

NUTS

ASSIST OR PRY GROOVE FOR
EASY CARTRIDGE REMOVAL

LOW FRICTION, SELF-
ADJUSTING, LONG

WEARING, MULTI-LIP
ROD RACKING

ALL STEEL HEADS
AND MOUNTINGS

EASILY REMOVED BRONZE ; - , ] M TAPERED CUSHION
ROD CARTRIDGE—HELD = 5 d Y PISTONS FOR SHOCK FREE
~_ ¥ DECELERATION

IN PLACE BY STEEL
.HFSTT‘T_:E"EEEEME SCREWED MODIFIED U-CUP PISTON
PACKINGS

DUCTILEIRON PISTON, THREADED

AND DOWEL SCREWED TO ROD BALL CHECK “O” RING
SEALED
EXTRUSION PROOF
“0" RING
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Cvlinder Construction
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Cvlinder Selection

AN

TV TZ
®1 | mm (25 -200) | inch (1% - 8)
Gy | mm(12..) inch (< ...)
S mm inch
ISO 6020-2 | ANSI B93.15
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FOOT AND RECTANGULAR
CENTERLINE FLANGE MOUNT MOUNT
LUG MOUNTS

MOUNT MOUNT

INTERMEDIATE EXTENDED DOUBLE ROD END
TRUNNION TIE ROD y
MOUNT 1
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Universal Alignment Mounting Accessory

F Benefits

B Freer range of mounting positions

B Reduced cylinder binding and side loading
B Allowance for universal swivel
I
B

Reduced bearing and tube wear
Elimination of piston blow-by caused by misalignment
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Typical Mechanical Linkages

Third-class lever

2=y |

s
Straight-line motion Straight-line motion Straight push or pull Practically continuous
multiplied 2:1 in 1wo directions rotary motion

]
RS o L
>’
- it ° -
4 i . A/ / v .
Engine barring Fas! rotary motion Four positive positions Tromme! plate Motion transferred
using steep screw nut with two cylinders to a distont point
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Cvlinder Force, Velocity, and Power

= = F
- 5 F| d ext O = P load ret
b == ROD [a—— =" ROD P a—

- O v 2= U
E ol ﬂ exl J__{' O l--— P ﬂ ret
Qin 1:J-'irt

PISTON PISTON

b F|Dﬂd ext P Flﬂiid ret
p ] ROD } PaaE—— C ROD e m—_c
1‘"1:!! P Uret
DURING EXTENSION, THE ENTIRE PISTON DURING RETRACTION, ONLY THE ANNULAR
AREA (Ap) WHICH IS SHOWN SHADED, IS AREA AROUND THE ROD (Ap-Ar) WHICH
EXPOSED TO FLUID PRESSURE. IS SHOWN SHADED, IS EXPOSED TO FLUID
PRESSURE.
(a) EXTENSION STROKE (b) RETRACTION STROKE
F.=pxA _
2 P P I:ret - pX(Ap _Ar)
V — Qin _ Qin
ext A Vit == —
p A, —

A
e
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Special Cylinders

F Double-rod Cylinder

B This is typically used when
the same task is to be
performed at either end.

B Telescopic Cylinder

B They are used where long
work strokes are required but
the full retraction length must
be minimized.
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Cvlinder loading through mechanical linkages

I First-class Lever System

Counterclockwise moment = clockwise moment
E Fixed hinge

|:cyl (Ll COS e) — I:Ioad (LZ COS ‘9)
o

_ 2
cyl |:Ioad

B Clevis mount

|zcyl (L1 COS @ x COS ¢) CYLINDER

ROD PIN

— Mload (LZ COS ‘9) FWIJ' |

L CYLINDER

F,=—2—F
cyl L1COS¢ load

TR R R R
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Cvlinder loading through mechanical linkages

F Second-class Lever System

Counterclockwise moment = clockwise moment
B Clevis mount

Fop cosg(Ly + L) cos & = Fg,y (L, COS 0)
L

|:cyl i : I:Ioad Lﬂ/\
(L, +L,)cosg

E Using a second-class lever
rather than a first-class lever
reduces the required cylinder
piston area for a given i
application.

Fcyl

AN AN
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Cvlinder loading through mechanical linkages

F Third-class Lever System

Counterclockwise moment = clockwise moment
B Clevis mount

cyI C0s ¢(L ) Cos g = |:Ioad (Ll T L2) cosé

L+ L,
cyl i load FIXED
|_2 COS¢ /v ; HINGE
B The third-class lever system Y /a
can produce aload stroke 4 7

that is greater than the cylinder

i LEUER
Fm,-ET

stroke, at the expense of
requiring a large cylinder CYLINDER
diameter. i
Fl'ead 0
RN AN
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Hydraulic Excavator
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WA ofusic Arm cylinder
4

1‘ a2l Boom cylinder
a /R Bucket cglinder

o

-
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Operation of cvlinder cushions

1. EXHAUST FLOW
PASSES FREELY QUT
OF CYLINDER UNTIL...

5. CHECK VALVE

ALLOWS FREE FLOW 2. PLUNGER ENTERS
TO PISTON FOR CAP...
EXTENSION I e —

3. NOW FLOW MUST

TAKE RESTRICTED PATH
CAUSING THE PISTON
TO DECELERATE

4. RATE OF DECELERATION
IS CONTROLLED BY ADJUSTABLE
OPENING.

-20-
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Cvlinder Cushions

CUSHIONS E-T-N CUSHIONS F:1-N

B N
CUSHIONS E-T-N CUSHIONS F:1-N
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Example: Cvlinder cushion problem

CUSHION
PLUNGER

,
7 > %\ i
: > 1500-L
7 Sl ROD & WEIGHT
o O
. - v
- 2

p W
\\ RS

Q) = 18.2 GPM i

LS

Qpump =18.2gpm W,y inger =15001b
— 3In I:)relief — 750 pSI
=1in C =0.12
=0.75In

piston

D
D
S

cushion ~—
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Hydraulic Shock Absorber

FATIGUE-TESTED RETURN SPRING PRECISION-HONED. SEAMLESS STEEL METERING TUBE EFFICIENT ROD SEAL

MATHEMATICALLY CALCULATED KNIFE-EDGE ORIFICES

LA

LEAKPROOF SAE. TR = : CHROME PLATED ROD
. ax - : HARDENED

PORT PLUGS—

HARDENED
& TEMPERED
PRESSURE SAFE
TUBE SEALS ——

LONG-WEAR
BRONZE PISTON

ONE PIECE STEEL HEADS ;
CELLULAR ACCUMULATOR LONG-WEARING SPRING GUIDE FOLLOWER PISTON RING-CHECK VALVE HIGH STRENGTH ALLOY STEEL TIE RODS

ACCUMULATOR CONTRACTED

T
G OGO ug g elds—
Heeovyoes
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Crane Applications of Hydraulic Shock Absorber

CONVENTIOMNAL SNUBBER

(dashpot)
I COMPRESSION SPRING
HANNA SHOCK ABESORBER

STOPPING FORCE

/ g STROKE
A
P, /
L
\\\\ e @) 118 |", &
==p X
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Automotive Application

¥ Mid-Range Frequency Control

Fressure

control

_ valve

Cylinder
35

Fump

ACTIVE DAMPER SUSPEMSION e
; i

ACUUETARLE CAMZEA

';:a,

VEATGAL AGIZELESATION EENSCH
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GlXl 1: 224 3 A28
P ORCH 2SMRIHE /250 HOIES PS5HR

E IAE XNAS2 150mm, 2 & A2 85mmO| C}.
E IAE SS 12m/min, JFS5AI2E2 0.4s O| C .

B AEH Y25 kgf /em? Ol CH.

B IAESHE2 1000mmOlCh

E HOI=< %%“3 1 ton, Ot& Hl === 0.22 O|C}.
B AgHY 22 90%0| C}.

N HIOIEE d&AIF =0 28 250

J040
o lo
(N
Y
o

(1) O} 24 | p’lQ
(2)

B> C
FO
0o
I
QO

[Ef] (1) 5.48 kgf /em’
(2) 211.9 I/min -
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::: [ = 6000 N
4—

Q/f A 4

B A
Al

FIO

—
v =600 mm/s
02

Lin -TJ—I'
J

I_ c =20 ml/rad
=1000rev/min
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Basic Modeling of Dynamic Cvlinder

F Generalized Flow - Continuity equation

0.—0= M, Vi dR
dt B, dt
0_g,-dVa Vo o
dt g, dt

i , dP, _ Vv, dP.
DAL QA
| | Q| %]
¥ Equation of motion P p| V,
1

<—fL

dv -
PlAl — P2A2 =mMm E_l_ bv + fL V1 /v oV, \\ load
Ai/ \AZ mass m
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Report
F Text Problems
B 6-17
B 6-26
P Duedate: 2=
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