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Inamodern sted plant, maximum productivity requires maximum equipment capacity and high operationa
gpeeds. In the case of the stedl mill overhead traveling crane, higher capacity and higher speed has greetly
increased the potentia for collison damage.

The hydraulic crane buffer has proven itsdf to be the most reliable and least costly method of protecting
crane, operator, and plant from the hazards of crane collisons, even under 100% full speed impact
conditions.

This paper examines the hydraulic buffer from a design and operationa viewpoint as compared to other
typesof cranebumpers. Quantitative dataincludesall formulasand cal culations necessary to select acrane
buffer, dong with quditative guidelines for specific types of applications.

INTRODUCTION

Almog dl dectric traveling cranes built in this country utilize some sort of bumper for the purpose of
eliminating or minimizing damage. Protection of thistype is required for three mgor types of collisons:
1. Craneto craneimpacts
2. Craneto building impacts
3. Trolley to bridge end stop impacts
The type of bumper system used will determine the degree of collison protection available, which may

range fromminimal protection up to zero damage protection under full load, full speed collisionswith power
on.

It isthe choice of the end user of the crane asto what level of protection is desired in acrane bumper, and
this choice is determined by the following:

1. Theduty cycle of the crane
2. Theaccident higtory (if any) of the cranesin agiven area
3. Operator habitsin agiven area
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4. Requirementsand recommendations of associationsand regul atory bodies such asthe AlSE and
OSHA

In order to have an understanding of the crane bumper, one must firgt define what it is. A good working
definition isasfollows:

“A crane bumper (or buffer) is adevice ingtdled for the purpose of storing or absorbing the energy of a
moving crane, thereby protecting the crane, the building it may operate in, and personnel in theimmediate
area from damage caused by collison.”

The words bumper and buffer are used synonymoudy in the above definition, Smply because most present

safety standards use both words in this manner. The word bumper is usualy used to describe a device
which stor es the energy of impact (like a soring) and gives this energy back to the system. A buffer is
generaly consdered to be a device which absorbs the energy of impact and permanently removes this
energy from the colliding objects. For the baance of this paper, the word bumper and buffer will be used

in this manner. Therefore, the use of coil springs or smilar means as a collison protection system on a
crane will be defined as a spring bumper, whereas the use of ahydraulic device for the same purpose will

be defined as a hydraulic buffer.

For comparative discusson purposes, asingletypical cranewill be used for studying varioustypesof crane
buffers and bumpers. The following is the sandard crane:

Bridge weight = 100,000 |b. (does not include trolley)

Bridge speed = 300 F.P.M.

Trolley weight = 20,000 Ib.

Trolley speed = 200 F.P.M.

Maximum carried load = 20 tons, carried on cables

Bridge span = 80 ft.

N o o~ 0w D

Minimum vertica distance from the center of gravity of the lifted load to the trolley hoist
mechanism = 8 ft.

For comparison purposes, we will evaluate animpact of this crane into the end of the building it operates
in at 50% speed.
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COMPARATIVE PERFORMANCE CURVES FOR CRANE PROTECTION SYSTEMS

In order to design a crane bumper (buffer) to meet the requirements of the various regulatory bodies, one
must be concerned with 2 basic criteria

a. Theenergy capacity of the bumper (buffer)
b. The deceleration rate permitted on the crane

Energy capacity basicdly defines how large a bumper (buffer) is, and the decderation rate is a
measurement of how quickly the crane isto be stopped at impact.

The energy amoving object possessesat any timeisafunction of itsweight and speed. Theformulawhich
isused for determining energy is

E = LMV?

Where E = Enegy
M = Massof the moving body
V = Vdocity of the moving body

By converting mass to units of weight, we can rewrite thisformulain an easily understood way:

E = .1865W V?

Wheree E = Eneqgy, unitsof in-b.
W = Weght, units of lbs.
V = Vdocity, units of ft/sec.

For the sample crane, we can caculate its energy (not including lifted load) using this formula:

W = 100,000 Ib. bridge + 20,000 trolley = 120,000 Ib.
V = 300 F.P.M. bridge speed = 5 ft/sec. @ 100% speed
V = 2%ft/sec. @ 50% speed

Therefore, for the sample crane at 50% speed:

E = .1865 (120,000) (2.59)
1865 (120,000) (6.25)

139,875 in-Ib.

Note that because the energy varieswith the square of the impact speed that the energy of acraneat 100%
speed isfour times that of 50% speed.
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The deceleration rate imparted to amoving object isameasure of the relative magnitude of the force being
used to decelerate it. For example, if a 100 Ib. weight was decelerated by a 1,000 Ib. force, the
deceleration rate would be much higher than if the same 1,000 Ib. stopping force was gpplied againgt a
weight of 5,000 Ib. A smple way of expressing decderaionisin unitsof “G,” one G being the amount of
acceleration imparted to an object by the gravitationa attraction of the earth. Since the gravitationa
attraction on abody on earth is equa to its weight, an acceleration or deceleration rate is determined by:

Accdleration or decdleration in G's=

w
Where F = theappliedforce(Ib.)
W = theobject’ sweight (Ib.)

Hence, if we applied a 1,000 |b. stopping force to a 100 Ib. weight, the deceleration would be:

A second way of expressing decderation isin units of ft/sec2. To convert units of G's to units of ft/sec?,
multiply the value in G's by 32. ft/sec?, the acceleration of gravity on earth. Hence:

10 G decderation = 320 ft/sec?
.2 G decderation = 6.4 ft/sec?

The codes which often are used to determine the size of a crane buffer (bumper) specify protection at
various percentages of the crane sfull load speed, with a corresponding deceleration rate. Thetwo major
codes used to specify abumper or buffer are those of OSHA and AISE 1969. At thetime of writing this
paper, certain types of cranesmust have bumpers or buffers complying with OSHA requirements, by law.
The Al SE 1969 code for bumpersand buffersisarecommended specification but neverthelessmany crane
usersrequirethat acrane bein compliancewith AlSE 1969 regulations. Thereader must redizethat neither
of the codes referenced cover al types of crane impacts, and for specia severe service usage, capacities
as high as 300% that of the AISE code may berequired to yield satisfactory performance. Appendix | lists
the basic energy and decel eration requirements of both OSHA and AISE 1969 standards.

Figure 1 plots alowable peak deceleration rate vs. speed for both OSHA and AISE 1969. Since OSHA
specifies average decelerations, these va ues have been plotted assuming that the allowable pesk istwice
the average value. For higher velocity impacts under both specifications, the deceleration is assumed to
increase in direct proportion to the energy of the crane (increases with the square of the crane velocity).
Figure 1 revedsthat the OSHA regulations alow higher dece eration rates than Al SE 1969, meaning that
acrane complying with AISE 1969 will have a* softer” stop than that permitted by OSHA. However, one
must be quite careful not to get “carried away” with specifying the softest stopping bumper for the sole
purpose of providing operator comfort. For example, typical deceleration rates for various occurrences
are:

1. Normd city driving in an automobile= .2 G (6.4 ft/sec?)
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2. Maximum emergency braking in an automobile = .8 G (25.6 ft/sec?)
3. 5mph crashesin 1973 and later cars = 4 G (128 ft/sec?)
4. A “knock-out punch” = 6 G (192 ft/sec?)

5. The minimum deceleration rate necessary to cause bone fracture in an average person =35 G
(1120. ft/sec?) (damage to knee-thigh-hip complex with load applied at knees, ref. SA.E.
information report J885A).

6. The deceleration rate necessary to cause death in an average person = 80 G (2560 ft/sec?).

Remembering that since collisons involving cranes a more than 50% full load speeds are considered as
an emergency or accident occurrence, the regulatory restrictions on crane deceleration appear quite
consarvative. When compared to the norma “fender bender” car accident at 4 G deceleration, the AISE
1969 100% speed impact deceleration of 2 G appears to be quite a soft stop by comparison.

One would normally expect that the deceleration rate of a buffer (bumper) is primarily a function of its
stroke and this is indeed true among smilar products of a given manufacturer. Figure 2 shows force-
displacement output curves of 3 different typesof bumper syssemswith equal strokes. The 3 output curves
have been superimposed over one another for comparison. The energy absorbed or stored by each
bumper is equa to the area under the appropriate curve.

Curve 1is that which normaly occurs with a rubber bumper. Note the parabolic shape of the output
curve, and how theload out is only dightly lower than theload in. Thismeansthat thistype of bumper will
impart asgnificant rebound vel ocity to the crane equd to approximately 80% of the origina impact speed.
Note aso that to match the areaunder the curves of the other bumpersavery high output forceisrequired,
yielding ahigh decdleration rate.

Curve 2 isthat which occurs with acoil spring bumper. The spring force increases in proportion to the
stroke with this type of desgn. The load out is equa to the load in, yidding a 100% rebound rate. To
obtain equal capacity, the coil spring requires less force than the rubber spring, meaning that it will
decelerate the crane a alower rate than the rubber spring.

Curve 3 is the output curve of a well-designed hydraulic buffer. Note the near-congtant force output
yielding the lowest deceleration, and hence the softest stop, of any of the curves shown. In addition, the
output force of the hydraulic buffer drops to near zero after impact, yielding no bounce back of the crane.

The quantities of relative output force and rebound rate aretechnically defined asthe bumper efficiency and
coefficient of restitution, repectively. Efficiency isameasure of rdative output force. A unit with 100%
efficiency has a perfectly “square’ output curve with congtant force over the entire stroke of the unit. A
square output curve is shown in Figure 2 with a dashed line.
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Effidency = Square wave output force

x 100%
Actual out put force

Energy input (in- 1b)
Stroke (in)

Where square wave output force =

Therefore, using Figure 2 values,

Square wave output force=Y

Efficiency, curve 1 = BLY x 100% =33%
. Y

Efficdency, curve2 = N x 100% =50%

Efficiency, curve 3 = % x 100% = 90%

The coefficient of restitution is defined as the ratio of rebound velocity to impact velocity. Therefore, if a
Soring bumper is impacted at 150 FPM, and the crane bounces back at 100 FPM, the coefficient of

regitution is 100 =.66
150

Ingenerd, coil and rubber spring bumpershave acoefficient of restitution of between .75 and 1.0, whereas
hydraulic buffers have a coefficient of less than .1, yielding a non-rebound impact when compared to

springs.

VARIOUS TYPES OF CRANE BUMPERS

Steel Sops - The oldest form of crane bumper isthe plain stedl sop. When impacted, the sted stop will
hopefully buckle and bend, thereby dissipating the energy of the crane. Stedl sSopsarearather “rigid” way
of stopping a crane, since most sted structure deflects only dightly under an gpplied force.

In generd, aplain sted stop neither acts like a bumper or a buffer, snceit is usudly so rigid that when it
isimpacted, the crane energy must be disspated by crushing the crane, the building it runsin, or both. The
output curve efficiency of a stedl stop bumper is 10-15%; coefficient of restitution is .8-1.0 for most
designs.
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Wheel Chocks - The whed chock is a variation of the sted stop in which the energy of the crane is
dissipated by lifting the crane up and off of the crane rails as the crane whedls run up onto the tapered
chock. Whed chocks are quite satisfactory for very low veocity “bumping” and can theoreticdly be
designed to work at greater speeds.

The operation of awhed chock is quite Smple and analogous to that of a spring bumper. As the crane
impacts the wheel chock at speed, the crane wheels will “ride up” the dope of the chock and will tend to
lift the crane off therall. Thiseffectively convertsthekinetic energy of the craneto potentia energy, which
is entirely given back to the crane asarebound. Therefore, a crane running into a whed chock will be
rebounded off the chock at nearly the same speed it impacted a. This, of course, pre-supposes that the
crane is not going fast enough to over-run the whed chock. The output curve efficiency of awhed chock
is 15-30%; coefficient of redtitution is 1.0.

Wood Stops - Another variation of therigid sted stopissmply toingtal apiece of suitable timber between
the craneand the object itisgoing toimpact. Many of these bumpers offer thefeature of easly replacesble
wood blocks, usualy by inserting thetimber into acast iron socket. Although one could attempt to classify
an impact into a piece of wood as “softer” than that obtained by running into a solid sted stop, the
differenceismargina. Aswith sted, only asmall amount of the crane’ senergy can be stored by the wood
before crane, building, or operator damage occurs. The output curve efficiency of awooden stop is 10-
30%; coefficient of restitution averages .40-.70.

Soring Bumper Systems-

a. Steel Spring Bumpers- Sted springswerethe earliest type of bumper resilient enoughto beable
to control the energy of a moving crane without damage. This type of bumper is sill used on
many new cranestoday, but if the craneisover 5 tons capacity, it isvery difficult to meet OSHA
or AISE requirements without excessve costs.

Various types of sted orings have been used in crane bumpersincluding coil springs, Belleville
springs, Volute springs, and ring springs. With the exception of the coil soring, most spring
bumper designs require that the spring eement be properly and frequently lubricated to prevent
janming. Because a spring bumper stores energy, a jammed bumper of this type can be an
exceedingly dangerous safety hazard.

Coail spring bumpers are rlatively free from jamming if properly designed, and are indeed the
most popular of this bumper style. The most common coil spring used isidentica to that used in
the truck suspendion of rallroad rolling stock. On our sample crane with its kinetic energy at
50% speed of 139,875 in-Ib., a bumper using railroad type coil spring packs can readily be
designed. A typica railroad spring pack hasan energy capacity of 10,000in-Ib. Thismeansthat
to protect both sides of the reference crane bridge to 50% speed requires 32 of these spring
packs, 8 on each corner of the crane. Compared to the hydraulic buffer, designing acoil spring
bumper that actualy meets the mandatory code requirements (OSHA) yields a cumbersome,
heavy and expengve package. Sincethe coil spring only storesthe crane senergy, the crane will
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rebound off the bumper a a speed equd to itsinitid impact speed. Output curve efficiency for
sted springs is 45-60%; coefficient of redtitution is .90-1.0.

. Rubber Spring Bumpers - The rubber spring offers performance equa to the coil spring with the
advantage of being easier to package. A second advantage is that the rubber spring does
disspate a smdl amount of the crane impact energy as heat, due to friction within the rubber
particles under stretching and compression. This means that the rebound from a rubber spring
isnot quite asviolent asthat occurring from acoil pring, assuming that either bumper isdesigned
to decderatethe craneequdly. Typicaly, arubber soring whichisimpacted at 100% speed will

rebound the crane at about 85-90% speed. Overdl package size is amilar to that of the cail

spring bumper, being heavy and cumbersome compared to a hydraulic buffer of equal capacity.

Output curve efficiency for rubber springs is 30-40%; coefficient of restitution is.70-1.0.

. Compressed Elastomer Spring Bumpers - This spring bumper contains a slicone rubber
elasomer in ahigh strength sted pressure vessel and utilizes sed's and a piston to compressthe
rubber to explosive-like pressures (up to 60,000 I bs. per squareinch). Therubber material used
is of the slicone family and isnot completdy cross-linked initsmolecular structure, o that it will
flow in a fashion somewhat like a fluid. Since norma rubber spring bumper materia will
permanently deform at stress levels of only 5,000 ps or so, the ability of the compressible
elastomer bumper to compress the rubber to ultra-high pressures of 60,000 ps yields a very
compact design. Thistype of bumper offers somewhat lower rebound speedsthan other types
of rubber springs because the rubber can be forced around the piston of the device at impact,
thereby absorbing some of the impact energy. Rebound velocity isin the order of 80% of the
initid impact speed. Compressed elastomer bumpers have seen only limited usage on overhead
cranes due to the requirement that the rubber must be pre-loaded with a high static pressure for
the bumper to operate properly. This static pressure can be drasticaly increased as the rubber
expands due to the normd high temperatures often found in sted mills, causng apossble sefety
hazard. If arubber spring bumper isto be used on a crane, the non-compressible rubber pad
type should be considered for safety and cost reasons, Sincein addition to safety problems, the
compressed e astomer bumper isthe most expensive bumper (buffer) design built. Output curve
efficiency for the compressed elastomer bumper is 30-40%; coefficient of restitution is.75-90.

THE MODERN HYDRAULIC BUFFER

The present style of hydraulic buffer became available about 1955, with widespread usage on cranesand
other stedd mill equipment starting in 1965. Prior to 1965, most hydraulic bufferswere of a*“dashpot” type
design, usng only asingle fixed orifice to aosorb energy. Because the efficiency of afixed orificeis only
about 30%, very long strokes with complex multi-spring or latch-type reset were required with these early
designs. Unlike the early hydraulic dashpots, a modern hydraulic buffer contains:

1. A rest system, self-contained and interna to the buffer —

Aninternd coil spring isnormaly used.
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2. A vaiable metering orifice—

The self-contained reset is used to iminate troublesome externd reset latches and pinsused on
early dashpot designs. Reset forces are usualy kept down to about 1% of maximum output
force. Therefore, ahydraulic buffer with 50,000 Ib. rated output force would have a maximum
reset force of 500 Ib. This means that unlike any typeof bumper system, most hydraulic buffers
can be easlly compressed by the crane a low velocity, effectively using the buffer stroke as
additiona crane approach. Sincethereset forcesaresolow, the buffer will not bouncethecrane
back after impact.

Unfortunately, this advantage of the hydraulic buffer can also be aserious disadvantageif the craneisinthe
hands of ardatively unskilled operator, or the duty cycle of the crane demands that the load be made to
swing by impacting the buffer with power on.

It is the purpose of the variable orifice metering system of the buffer to regulate the ability of the buffer to
absorb the crane energy efficiently at all speeds and conditions of impact. To properly understand the
features of the various types of metering systems available, they must be discussed at length.

TYPESOF HYDRAULIC METERING SYSTEMS

Three mgor types of metering systems have been used in hydraulic buffersfor sted mill service. Theseare:
a. Single orifice metering
b. Vaiable orifice by mechanica metering
c. Vaiadle orifice by fluidic metering

The previous discussion of the early hydraulic dashpot type of buffer covered the primary disadvantage of
sngle orifice metering, namely that of excessive stroke required due to its inherently low output curve
efficiency. Since hydraulic buffers of this design have not been produced for the past 15 years, no further
discussion will be given on this design.

The primary design criteria for a bumper (buffer) is to absorb the impact energy of the crane with a
decdleration limited by various codes. As has been shown, adesign withahigh output curve efficiency is
capable of doing thiswith amuch shorter stroke (and usudly alower cost) than along stroke design of low
effidency. With a hydraulic buffer, the metering of the fluid is governed by the various equations of the
science of fluid mechanics. In the case of flow through an orifice, these equations state that the pressure
drop across the orifice varies with the square of the speed of the fluid flowing through the orifice. This
means that to obtain an efficient congtant force output during an impact, the orifice must be dragticadly
varied during theimpact. For maximum efficiency, the orifice areamust be greatest at theingtant of impact,
progressively dropping to zero a the end of stroke. The two methods used to accomplish thisin the
modern hydraulic buffers are by either amechanicd or fluidic type of metering system.
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MECHANICAL METERING SYSTEMS

The mechanicd metering systems use a metering tube or metering pinto mechanicdly vary theorificearea
of the buffer throughout its stroke. Figure 3 shows atypical buffer with metering tube congtruction. A list
of the interna parts of Figure 3:

Cylinder

Piston rod

Piston head and high pressure sedl

Orifice hole (one of 5)

End cap and sed assembly (low pressure)

Metering tube

Metering tube high pressure sedl

Piston rod displacement accumulator

© © N o g k~ w0 b P

Return spring

At impact, fluid will beforced through dl of the orifice passages, yielding afixed orifice areauntil the piston
head passesthefirg orifice hole. Astheimpact continues, the remaining holes are passed and the process
continues in like manner until the shock absorber stops the impacting weight. Piston rod displacement is
compensated for by an accumulator, often of cellular rubber construction.

The metering tube buffer can be designed to yied a high output efficiency if alarge number of orifice hole
positions are used. The more orifice holes, the more uniform and efficient the output curve will be. The
number of holesactudly used relaiveto buffer strokevariesdrastically between the various manufacturers.
In 2 inch stroke units for example, some manufacturers use as few as 2 orifice pogtions, while others use
asmany as6. To obtain maximum output efficiency, the pacing of the holesisimportant, since the shock
must stroke past each successive orifice hole a equd intervals of time. Because of this, the holesmust be
parabolicaly spaced aong the metering tube, with the holes widely spaced &t the beginning of the buffer
stroke and closaly spaced at the end. If alinear hole placement (equa spacing between holes) isused to
save codts, alossin efficiency will result. A similar problem occursif too few holes are used.

Depending on holelocation and number of hole positions used, the efficiency of metering tube crane buffers
available today rangesfrom 40%to 80%. Efficienciesat thelow end of therangeresult from the attempted
use of low quality industria equipment shock absorbers (sometimes caled industrid decelerators) in sted
mill service. Itisimportant to remember that when a crane impact occurs, both man and machine must be
protected. The industrial shock absorber (or decelerator) is an inexpensive item designed to protect the
machine only, so alow output efficiency can be tolerated.
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A second style of mechanica metering usesametering pin rather than atube, but isamore complex design,
S0 codtly as not to be offered in any form other than an “industrid decelerator” with very low efficiency.

FLUIDIC METERING SYSTEMS*

Huidic metering uses a specidly shaped series of orifice passages to yield by hydraulic flow the effect of
amechanicaly varied orifice. In order to operate efficiently, a compressible working fluid must be used,
suchasthefamily of sliconebasedils. The molecular Sructure of these dilsis such that they can physicdly
be compressed by asubstantia amount when forced through the orifices of thebuffer. A typicd fluidictype
buffer isshown in Figure 4. A description of the internd parts of Figure 4:

Cylinder

Piston rod

Piston head

Main orifice

Feeder orifice

Fuidic collector groove

End cap and sed assembly (low pressure)
Piston rod displacement accumulator
Return spring

Rest vave

Guide spoal

©COoONOO~WDNE

o
= o

Whenimpected, abuffer of thefluidic typewill initidly attempt to behavelikeasngle orifice design, flowing
al fluid across the main orifice passage. Within afew micro-seconds after impact the pressure differentia
across the length of the main orifice has a gradient, such that the pressure in front of the piston is greater
than that exiging in the fluid collector groove. This means that flow through the feeder orifices will be
entrained into the main orifice flow, yiedding a combined flow equd to the main orifice plus the feeder
orifice. Because the working fluid is compressble, the flows can indeed be combined, yidding a large
effective orifice areaat impact. By proper design, the flow through the feeder orificeswill be progressvely
decreased as the buffer absorbs energy, yielding the effect of a parabolicaly reduced orifice areg, with a
sguare output curve. Response is Smilar to that of a metering tube or metering pin metering system,
athough no mechanical variaion of the orifice occurs.

The fluidic metering sysem consstently yields the highest efficiency of any known fluid metering system.

Output efficiency will normaly range between 85% and 95%, with a coefficient of redtitution of lessthan
10 astypicd.

* Patents issued, pending, applied for, Tayco Devel opments, Inc.
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PACKAGING OF HYDRAULIC BUFFERS

Using the buffer designs shown in Figures 3 and 4, astriker cap could be added to the piston of the buffer
and it would be ready for crane service. However, the exposed highly-finished piston rod would be
exposed to the mill environment, which isnot desirable for maximum life. For thisreason, hydraulic buffers
in mill sarvice often utilize bellows over the piston rod for environmenta protection . A second dternative
is to turn the buffer backwards, and ingd| it in aguide deeve. This design, shown in Figure 5, not only
protects the rod, but aso is much better able to resist offset |oadings than exposed rod designs.

For our sample crane, atypica hydraulic buffer suitable to absorb the crane energy at 50% speed is a
Taylor Device sHuidic Buffer, Mode 3 x 3, rated at 81,000 in-1b full capacity. Thisbufferis3" diameter,
and hasa 3" stroke, and is 13%2O.A.L. One of these buffers would be required a each corner of the
crane. For protection at 100% speed, a Taylor Device' s Fluid Buffer Modd 5 x 4 could be used, rated
at 306,000 in-Ib.

PERFORMANCE CHARACTERISTICSOF HYDRAULIC BUFFERS
UNDER POWER-ON IMPACTS

Asmentioned previoudy, hydraulic buffers utilize reset springswith rdaively low forceto enable use of the
buffer stroke as crane end gpproach. Inaddition, the hydraulic buffer differsfrom aspring- type buffer with
regard to how it operates under low velocity impacts. A spring type bumper varies its output force in
proportionto how far it strokes. If an energy input isintroduced which is over the capacity of the bumper,
it will bottom the bumper, leaving the crane and/or building structure to absorb the remaining energy. A
hydraulic buffer will vary its output force with respect to the square of theimpact velocity, thereby ways
maintaining a constant stroke at any peed, since the impact energy of the crane adso varies directly with
the square of the velocity.

Thismeansthat for any two bumper systems, with equa decelerationsat agiven speed, the hydraulic buffer
will offer the softest stop at al lower velocities.

As mentioned previoudy, this feature of the hydraulic buffer is aso its biggest drawback, if one considers
that cranes are subject to more than just power-off, no load impacts.

If a hydraulic buffer is sized for power-off impacts only, it will use nearly dl of its stroke to absorb the
kinetic energy of the crane at al speeds, leaving no capacity remaining for counterbaancing drive forces,
or counterbalancing the equivdent driving force of a swinging load. If the hydraulic buffer isoversized for
power-on impacts, it will not stroke completely under power-off conditions, but will have additiona
capacity to withstand power-on conditions. The lack of incdluson of driving inputs in Szing of a buffer is
the mgor cause of premature buffer failure on cranes. 1t is gpparent that within the stedl industry, atypica
duty cyclefor a hydraulic buffer often includes repeated 10-20% speed impacts with power-on, for the
purpose of putting the crane bridge or trolley in the end approach condition. If a crane bridge or trolley
is expected to undergo this sort of duty, then the hydraulic buffers should be sized for power-on impact
conditions.
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Taylor Device s experience with both metering tube and fluidic buffers has shown that more than 50% of
the cranes equipped with hydraulic buffers are subjected to this sort of duty cycle. This has prompted the
firm to offer two distinctly different types of orificing in the fluidic type buffers:

1. Rl drivedown metering: Allowsthefluidic desgnto behaveexactly likeametering tubedesign,
being easily compressed under drive inputs.

2. Non-drive down metering: A vaveisingaled across the fluidic orifices to enable the buffer to
offer subgtantid resstance (20% of maximum output force) for counterbalancing drive a low
Speeds.

It is recommended that the use of the hydraulic buffers on the following types of mill cranesindude szing
for power-on impacts, or include the use of aHuidic Buffer without full drive down metering:

1. Bridge and trolley buffers on soaking pit and stripper cranes

2. Trolley bufferson dl charging and scrap handling cranes

3. Trolley bufferson dl magnet cranes

4. Bridge and trolley buffers on dl pendant and radio controlled cranes

5. All crane applicationswherethe buffer is expected to beimpacted more often than “ emergency”

conditions
THE EFFECT OF SWINGING LOADSON ENERGY CAPACITY
Mentioned briefly in the previous section wasthe* equivaent driving force of aswinging load.” Most codes
date that the lifted load is not to be considered as crane weight for caculating the energy to be absorbed
by a buffer, but an effective drive for aswinging load can indeed be cdculated. The response of thelifted
load will lag the response of the crane by a short period of time, but if the duty cycle of the craneinvolves
repeated inputs of this type, the buffer (bumper) should be szed to include swinging load effects.
Cdculaing the effective input of a swinging load is somewhat complicated, and Appendix I shows the
cdculaionsinvolved.
THE SELECTION OF HYDRAULIC BUFFER BORE AND STROKE

Unlike other types of crane protection systems, hydraulic buffers are available in a seemingly endless list
of various bores and strokes. For satisfactory crane service one should not consider buffers designed for

only industrid service, as they are not rugged enough for mill gpplications. After diminating industria
designs, one finds that even among the mill service buffers there are fill alarge number of Szes available.
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The most common mistake made by purchasers of ahydraulic buffer isto compare designs from different
manufacturers by bore and stroke, aswould be done with hydraulic cylinders. Unfortunately, with buffers,
this comparison does not gpply Snce most manufacturers use varying operating stress levels, and various
congtructionmaterids. Materiasrangefrommild stedl to heat- treated aircraft quality stedlsof types4140,
4340, etc. When comparing buffersfrom different manufacturers, the purchaser should be concerned with
the fallowing:

1. Isthe buffer certified by the manufacturer to the protection level desired?

2. Does the manufacturer’s catalog rated energy capacity for the buffer agree withthat caculated
for the crane?

3. What back-up structure design loading is specified by the manufacturer for the particular buffer
involved?

Because of differencesin efficiency among the various hydraulic buffers, it is possblefor 2 buffersto have
equal back-up structure design loadings, but stroke differences of asmuch as 2:1. Because of efficiency,
itisquite possiblefor the 10" stroke buffer of one manufacturer to have the same capacity and deceleration
rate asthe 5" stroke buffer of another.

Even among the products of a sngle manufacturer, a large number of Sizes may be avalable in a given
capacity. For example, in mill buffers of 250,000 in-Ib. capacity, the following Sizes are available from
Taylor Devices.

Model Di qmeter Stroke Output Force Cgpacity
(@in.) (in.) (Ib.) (in-1b.)

3x8 3 8 35,000 252,000

4x6 4 6 50,000 270,000

5x4 5 4 85,000 306,000

6x2 6 2 150,000 270,000

Any of the above szes are perfectly adequate from a capacity basis, but each Sze hasits advantagesand
disadvantages.

1. The3x 8istheleast expensive, the 6 x 2 isthe most expensive.

2. The 3 x 8 hasthe lowest reaction force, the 6 x 2 puts out the highest force.

3. The 6 x 2 isthe shortest, and hence takes less effort to package.

4. The 6 x 2 can withstand the most abuse, and is virtudly impervious to scrubbing and sdeload

damage.
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5. The6x 2will givethelongest cydlic life, anceits short stroke yields the least number of square
inches of piston rod seding area passing through its sedl's each cycle.

In generd, for mill service, the following rules can be used to sdect bore and stroke ratios:

1. For trolley buffers, theratio of the buffer stroketo piston rod diameter should not be greater than
15to1.

2. For bridge buffers, the ratio of the buffer stroke to piston rod diameter should not exceed 3 to
1

3. Thelower the stroke/diameter ratio, the more rugged the designis. This meansthat of the four
Szes, the 3 x 8 would be acceptable for use on smdl cranes only, and the other Szesare suitable
for elther bridge or trolley usage on any crane. For a severe service application, the Model 6
x 2 would be the best choice, followed by the Modd 5 x 4.

Most manufacturers rate their hydraulic buffers as able to accept repeated angular offsets of 8-10°.
However, if along, dender buffer isput into mill service, its usud failure mode from offset impactsis due
to scrubbing loads rather than angular misdignment. If the buffer is stroking and the crane should rise or
fdl suddenly (as when arail joint is encountered), the buffer will be subjected to a scrubbing load.
Asuming a stedl on sted coefficient of friction of .25, this scrub is equivaent to an angular misdignment
of 15 degrees, subgtantialy more than would ever be expected on a crane from angular misaignment.
For thisreason, one should awaystry to keep the stroke of the buffer as short asthe code (and the budget)
dlows.
COST OF THE HYDRAUL IC CRANE BUFFER

The cogt of hydraulic buffers on a crane varies with the size of the crane, the code requirements, and the
duty cycle of the crane. In general, usng 2001 prices, one can roughly expect the following pricesto apply
for crane buffers of various capacities.

1. A 10,000 in-lb. buffer = $325. each

2. A 100,000 in-Ib. buffer = $630. each

3. A 1,000,000 in-lb. buffer = $1,875. each

4. A 10,000,000 in-Ib. buffer = $13,000. each

For our sample 20 ton crane, protected to 50% speed on the bridge and trolley, the total cost for 4 pc.
Modd 3 x 3 bridge and 4 pc. Modd 2 x 2 trolley buffersis roughly $5,200.
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When comparing equal capacity designs and equa decderations, hydraulic buffers of more than 20,000
in-Ib. capacity are usudly themaost economica design available compared with any type of spring bumper.

Maintenance on a properly designed mill buffer islimited to occasiond visua ingpection to make sure that
the buffer is resetting completdly. Rebuilding is required only if the buffer shows any obvious damage.
Cycdlelives of between S0,000 and 2 million impacts can be expected between rebuilds, provided that the
buffer has not been overloaded.

SUMMARY

For those readersinterested in forma sizing caculationsfor acrane buffer, Appendix 111 listsand explains
the formulasinvolved. Unlike pring bumpers which often must be completely designed for each job, the
wide sdection of hydraulic buffers available means that a Size can be quickly established for a given
goplication. Most manufacturers are able to size buffers over the telephone, with no quotation charges
involved. Optiond custom mounts are available for direct bolt-in retrofit of existing bumper or steel stop
designs, if standard mountings will not adapt easlly. For new cranes, most crane manufacturers offer
hydraulic buffersin compliance with AISE 1969 as an option.

Initsrdatively short history, the hydraulic buffer has proven to be of sgnificant vdueto the ged indudry,
offering protection never before available at reasonable cost. On cranes subject to frequent bumping,
reduced mai ntenance costs can pay for the buffer in aslittle as three months of operation. This meansthat
this product can offer sgnificant reductions in maintenance, and increased productivity, a a reasonable
cost.

The author welcomes any comments or questions concerning hydraulic buffers either within or beyond the
scope of this paper. Literature available on the Taylor Device' s Crane Buffer product line includes:

Crane Buffer Sizing Graphs for OSHA Code

Crane Buffer Szing Graphs for AISE 1969 Code
Crane Buffer Data Packet (Generd)

W-Series Sdf-Adjusting Crane Buffer Packet

O-B Series Long Stroke Buffers Information Packet

s~ wbdpE

Requests for information should be sent to the following address:

Taylor Devices, Inc.

90 Taylor Drive

N. Tonawanda, New Y ork 14120-0748
Attn: Crane Buffer Sales Dept.
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APPENDIX |
CRANE BUMPER STANDARDS

OSHA Impact Standards:

Allinformation listed hereisbased on OSHA standardsdated June27, 1974. These standardsshow
the following protection requirements.

a

Bridge bumpers (buffers)
Protection at 20% of maximum full load crane speed with an average decdleration rate of 3
ft/sec?.

Bridge bumpers (buffers)
Protection at 40% of maximum full load crane speed with no specified decderation.

Trolley bumpers (buffers)
Protection at 33-1/3% of maximum full load crane speed with an average decderation rate of
4.7 ft/sec?.

In addition OSHA dates that for cdculating bumper (buffer) capacity, swinging loadsare not to
be consdered as crane weight. Trolley placement for impact is not specified, so one must
assume that the tralley isfully offset to one end of the bridge for correct Szing.

OSHA does not specify whether power isto be considered ason or off for Szing purposes. One
normally assumes power off.

Al SE 1969 Impact Standards

All information listed hereis based on AISE sandard No. 6, dated May 1, 1969. These standards
show the following protection requirements:

a

Bridge and trolley bumpers (buffers)
Protection at 50% of maximum full load crane speed with a maximum decdleration rate of 16
ft/sec?.

Bridgesand trolleys equipped with hydraulic buffers shal have protection at 100% maximum full
load crane speed with adeceleration rate increased correspondingly from that specified at 50%
Speed.

Inaddition, the Al SE specifiesthat trolleys are to be fully offset to the end gpproach position for
bridge and trolley bumper (buffer) 9zing, and power isto be consdered off for dl szing.
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APPENDIX 11
THE EFFECT OF SWINGING LOADS

At whatever speed one is concerned with, a swinging crane load will possess a certain amount of kinetic
energy of itsown, afunction of itsweight and the velocity of the crane. At impact, the load will swing until
dl of its kinetic energy has been converted to potentid energy by lifting the load through the vertical
displacement of the swing. Expressing thisasaformulayidds

Potentid energy = kinetic energy
Swinging weight x vertica swing height = .1865 W V2
Since the swinging weight and “W” in the kinetic energy formula are the same, the expression reduces to:
Verticd swing height (in.) = .1865 V? (ft%/sec?)
Astheload swingsto its maximum angular displacement, a right triangle with hypotenuse equd to cable
length, and an adjacent Sde equd to the hypotenuse minus the vertica swing height will be formed. This

means that the angle of swing can be determined by:

cablelength- vertica sving
cablelength

Cosine (swing angle) =

The effective drive of the load is equa to the component of thelifted load acting in the horizontd direction,
whichis

Effective drive = swinging load x 9n (swing angle) + cos (swing angle)

Onthetrolley of our sample crane, the energy of the empty trolley at full speed is

a2006° .
KE = .1865 W V2 = .1865 (2 9 - 41.444inb.
865 865 (20,000) &= in-1b

The vertical swing height = .1865 V2 = 2.07 in.

(Note that the formula KE = .1865 WV? has conversion units “built in” to the constant .1865, so the end
result of this caculaion isvaues of “inches’ usng vaues of “ft/ssc” for velocity).
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For our sample crane, the shortest net effective cable length of the lifted load is 8 ft. (96 in.) Therefore, if
we assume that a impact the cable length is 10 ft. (120 in.), dlowing the load to swing:

120- 2.07
120

Cos (swing angle) = =.982

swing angle = 10 degrees, 50 minutes

Therefore, the effective drive of the 20 ton swinging load is
Effective drive = 40,000 (.188)/(.982) = 7,658 |b.
Effective drive energy = force x distance = 7658 |b. x 2 in. = 15,316 in-lb.

Using two Taylor Device s Huidic Buffers to absorb the trolley kinetic energy in each direction would
require 2 pc. Mode 2 x 2 rated 27,000 in-1b. each, with amaximum output force of 15,000 Ib. Notethat
the effect of the swinging load isan equivadent driving force of 7658 in-lb/buffer, equa to 28% of the buffer

capacity.

In generd, studies have shown that lifted load can usualy be compensated for on most cranes with typica
impacts by sdlecting a buffer with capacity at least 20% greater than that required for the dead weight of
the crane.
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APPENDIX I11
A GUIDE TO HYDRAULIC CRANE BUFFER SIZING

A buffer isa device which converts mechanicd energy into therma energy. The energy transformation
occurs as the shock absorber’ s fluid medium is forced through orifices at high velocities.

Sdecting a shock absorber is not difficult if youfollow theformulae presented. Toinsure adequate Sizing,
al inputs to the buffer must be known or conservatively estimated.

A) UNITSAND ABBREVIATIONS: (Use only units shown below in formulae)

=
I

weight (Ib.)
V = linear velocity a the shock absorber (ft/sec.)
F = output shock force at impact (Ib.)

Fp, = motor driveforce (Ib.)

S = shock absorber stroke (in.)
KE = kinetic energy (in-1b.)

B) SOLVING FOR KINETIC ENERGY

1) Horizontal motion
KE =.1865 WV?2 (in-lbs)

2) Verticd motion
KE=W (H+9) (in-lbs)
C) SOLVING FOR KINETIC ENERGY OF OVERHEAD CRANES

1) Becauseof the“ding-shot” effect of cable hung loadsand overspeed possibilities, effective
impact weights, We should be used.

a) Bridge Buffer W/Buffer = 1.3 (Y2 bridge weight + trolley weight) (Ibs))
OR
W /Buffer = %2 bridge weight + Y2 trolley weight + Y2 lifted load (Ibs))
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Use whichever weight isgr eater for kinetic energy cadculation

b) Trdley Buffer W/Buffer = 1.3 (Y2 trolley weight) (Ibs)
OR
W¢/Buffer = %2 trolley weight + Y2 lifted load (Ibs)

Use whichever weight isgreater for kinetic energy caculation
2) Solvefor kinetic energy per buffer

KE/Buffer = .1865 W V2 (in-lbs)

D) SOLVING FOR DRIVE FORCE AT THE BUFFER

1) A.C.Motors

Fp = 1375 Motor Horsepower - g \mes25:1 gtall factor)

2) D.C. Motors

Motor Horsepower

Fp = 1925 (Assumes 3.5:1 all factor)

Note: Both 1 and 2 neglect gearing power losses and dippage power losses.

E) SELECTING THE BUFFER IF INPUT IS PURE KINETIC ENERGY WITH NO
MOTOR DRIVE

Select a shock absorber from catalog data with adequate energy capacity for your caculated input. For
cydic ratesabove 120/hour, use a 30% saf ety factor on energy capacity. For cyclic ratesabove 360/hour,
consult factory on your gpplication

F) DECELERATION RATE FOR OVERHEAD CRANES

1) AISE 1969 code limits decelerations to 2 G a 50% speed, which effectively is 2.0 G a
100% speed for a Taylor Buffer.

2) OSHA codelimitsbridge decelerationsto .0932 G average at 20% speed, which effectively
is.373 G average a 40% speed for a Taylor Buffer.
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3) OSHA code limitstrolley decelerationsto .146 G average at 33a% speed.
4) Decderation rate for your application is.

F/ Buffer
Impact wei ght / buffer

Number of G's=

5) Bridge weight per buffer for deceleration caculation, use¥2bridgeweight + %2trolley weight.
For trolley weight per buffer when caculating deceleration, use ¥z trolley weight.
6) If your decdleration istoo high, try alonger stroke.
G) SELECTING THE SHOCK ABSORBER IF INPUT IN KINETIC ENERGY AND
MOTOR DRIVE
1) Obtain kinetic energy of your input, and the motor drive force.
2) Select atrid shock absorber diameter.
3) Solvefor stroke required using the equation KE

S= KE
CF- R

Where C, the efficiency coefficient, varies between .4 and .9 for various manufacturers. As
in section E, use a 30% safety factor on kinetic energy for cyclic rates above 120/hour, and
consult the manufacturer for Szing of units with cydlic rates above 360/hour.

4) Cadculate decderation in the same way as section F.
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