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ABSTRACT

The operator and passengers in cab cars are particularly vulnerable to collisions with objects or with other
trains because of their proximity to the point of collision. We present one part of a larger study in which
we examined several strategies for improving the protection afforded to the operator and the passengers in
cab car collisions. These strategies include: strengthening key cab-end structural elements, such as corner
posts, collision posts and end beams; locating the operator between the collision posts rather than to one
side of the control cab; and implementing crush zones into the ends of the cab as part of a crash energy
management design for the entire train. Here we focus on the first of these strategies, evaluating the
effectiveness of strengthened cab-end structures through explicit dynamic finite element-based calculations
simulating the crush behavior of the cab car. There calculations were made for conditions representative
of a number of collision scenarios based upon recent accidents, including several oblique collisions. The
results of these calculations suggest that such strengthening can significantly increase the tolerable
collision speeds that can be withstood without compromising the operator and passenger volumes.

INTRODUCTION

The crashworthiness of rail vehicles has been the focus of a substantial amount of research over the past
few years. This increase in research interest can be attributed to several factors. In 1995, the planned
introduction of high-speed trains prompted an examination of available technologies for providing greater
protection in the event of a collision. In addition, advances in computer modeling capabilities have made it
possible to evaluate, without extensive testing, the consequences of collisions and the effect that design
improvements have in increasing the safety of rail vehicle operators and passengers.

This study examined certain aspects of the crashworthiness of cab cars. Cab cars carry passengers and in
the U.S. look similar to passenger coach cars, but include an operator’s control stand at one or both ends.
Such cars are used to control two types of trains: multiple unit (MU) trains, in which each of the cars is
powered, and push-pull trains, in which a locomotive pushes the train in one direction. When an operator
controls the train from the front of a cab car of the type currently used in U.S. operations, he or she is
within inches of the very end of the vehicle.

Thus, protecting the operator of a cab car during a collision is a particularly daunting challenge, because
the operator cab has little structure separating it from a colliding vehicle or object. The extent of
allowable crush of the vehicle end before the operator volume is compromised is very small — on the
order ofone foot. Moreower, for corventional train desgns, nearlyall of the erergy in afront-erd
cdllision is alsarbed by the forward erd of the leadvehicle. Figure 1shows the anount of kinetic erergy,



in ft-Ibf, that resides in a train consisting of a locomotive, six passenger cars, and a cab car (a total mass of
800,000 Ibm), as a function of the speed at which such a train is traveling. In a collision, very little of this
erergy canbe absrbed bycrushing of the lead ehicle’s erd gructure bebre this one foot sfe limit is
exceeded.
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Figurel. Kineticenergy of atrain consisting of alocomotive, six passenger cars, and a cab car, as a function of
the speed at which it traveling.

The sitwation is particulafy sewere whenthe cdliding object is dfset from the certerline o the wehicle ar
strikes only the correr ofthe cab car, becaethe correr ismuch wealer tranthe certer ofthe cabend,
where the cdlision posts ae located Suwch offset cdlisions occur whentrains cdlide ina switch or whena
cab car sikes a Hghway vehicle that hes just ertered a gade crosing.

Recen accidets involving cab cargrovide gim eviderce that the erds of these typesof vehiclescanbe
sewerely damaged in cdlisions with other vehicles @ with objects. In order to improve the saéty of these
vehicles the FederalRailroad Administration (FRA) is plaming to adoptnew specificaions for the deggn
of cab car ed dructures

Previous reseach by the Vdpe Certer ard Arthur D. Little [1,2] has indicatedthat cabcars cantolerate
only low-speedoffset cdlisions with other trains before the anount of vehicle crish exceed saé values.
In particular, a cerered cdlision betweena cabcarledtrain ard arother comparade canmuter train
abowe a clofing speed of12 nph was found to elininate tke survivable gace br the operator irthe cab
car. These stdies tave alsoprovided eviderce that the ciasiworthiness @ cabcars in offset cdlisions
could be substartially improved by requiring greatercorner strength ard erergy absarption capahblity ard
that these greater requirements aan be achieved through ©latively modest stuctural changes requiring little
added wight ard cod.

Under a resarchprogam sporsored bythe Volpe Center ofthe Depariment of Transporiation, we have
conducted a stuly which examnes the grotection provided by vehicles asigned ard built to current
industry practice ad the eficacyof different sratedgesfor improving the protectiorafforded to tle
operator ard to the passegers in cdlisions involving cabcars. In this study, seweral protection strateges
were exlored, ircluding:

< strengthening of key caberd stiuctural elenerts, sich as cener posts, cdlision posts ard erd beans;
e locatirg the erator betweenthe cdlision posts rather thanin the caner,
e implemerting crush zores into the erds of the cab.

Eachof these strategs was exanmined with resgect toa rumber of cdlision scerarios basedupon recet
accicents. Both certeredard offset cdlisions were cansidered



In this paper, we review the results of research performed in order to examine the effectiveness of the first
of the three noted strategies: strengthening of key cab-end structural elements. Cab-end structural
modifications were evaluated through a series of collision simulations representative of accidents that have
occurred. We first present a review of several representative accidents that were examined in order to
determine a set of collision scenarios with which to judge the effectiveness of structural modifications. We
then review the approach that we used to perform these evaluations and the results of our calculations.

Review of Accidents

The selection of collision scenarios for evaluating cab-end improvements was based upon a review of
several recent cab car accidents. The conditions and consequences of these accidents are briefly
summarized below.

Secaucus, New Jersey accident (an offset collision)

In February of 1996, a collision occurred between the cab car of a commuter train (consisting of a cab car,
four coach cars and a locomotive) and the locomotive of another commuter train (with a cab car, four
coach cars and a locomotive) [3]. There were three fatalities: the locomotive operator, the cab car
operator, and a passenger in the colliding cab car. In addition, there were 12 injuries, all in the leading cab
car. The collision occurred while one of the lead cars was traversing a switch, resulting in a lateral
misalignment and an angle-of-incidence between the cars. The cab car, traveling at 18 mph, struck the
front right corner of the locomotive, which was traveling at 53 mph in the opposite direction, with an angle
of impact of about 7 degrees. Both cab car collision posts remained intact, with only the right collision post
sustaining damage. The right corner post was torn away, and the cab car raked down the side of the
locomotive, which subsequently derailed. The cab car, which also derailed, continued to rake down the
side of the locomotive-led consist.

Silver Spring, Maryland accident (an offset collision)

In this same month, a similar collision between the cab car of a cab car-led train and the locomotive of
another train occurred at a closing speed of 65 mph [4]. Here again, the accident occurred while one of the
lead cars was traversing a switch. There were 11 fatalities, most of which were caused by the ensuing fire.
However, it appears that some of the fatalities were caused by crush from the collision.

Portage, Indiana accident (an offset collision)

In June of 1998, a train made-up of two cab cars traveling at a speed of 57 mph collided at a grade-
crossing with a flat bed truck carrying a large coil of sheet steel. The

6-foot diameter by 4-foot wide coil of sheet steel was oriented on the bed of the truck such that the
collision occurred in the manner depicted schematically in Figure 2. It appears that the coil struck the cab
end above the floor and offset to one side of the vehicle (Figure 3). The coil appears to have penetrated
about three to four feet into the left side of the cab. The left collision post fractured just above a shear
reinforcement plate. There were three fatalities from the crush and intrusion of the coil into the cab car.

6 ft. diameter,
4 ft. wide,
40,000 Ibm Steel Coll

Q «——
57 mph

Figure2. Schematic of June, 1998 collision between a cab car and a flat-bed truck carrying coils of sheet steel.




Figure3. Thefront end of the cab car following the collision.

Beverly, Massachusetts accident (a centered collision)

In August of 1981, the cab car of a commuter train collided with the lead locomotive of another commuter
train, causing several serious injuries [5]. This accident occurred at closing speed of about 31 mph,
resulting in severe deformation of the cab car underframe, followed by override of the cab car onto the
locomotive.

Gary, Indiana accident (an offset collision)

In January of 1993, two multiple-unit passenger trains collided on parallel but laterally offset tracks that
shared a bridge [6]. One of the trains was at rest and the other was traveling at a speed of 32 mph. Impact
occurred between opposite corners of the two lead cab cars, resulting in destruction of the colliding corner
posts, and raking of the two vehicle sides along one another for a distance of about 25 feet. There were
seven passenger fatalities.

These five accidents provide examples of the types of collisions against which one would like to provide
greater protection. Four of the five accidents involved offset collisions in which only the corners of the
vehicle were directly challenged. One of these four further involved a collision that occurred a substantial
distance above the underframe.

Based upon consideration of the nature of these accidents, we selected three collision scenarios for use in

evaluating the protection provided by vehicles built to current standards and those including the various

protection strategies that were part of this research. Two of these scenarios were used to evaluate the

effectiveness of strengthened cab-end structures. These are:

e Scenario 1: An offset collision between two commuter trains, in which the cab car impacts a
locomotive;

e Scenario 2: A collision between a heavy object, in the form of a steel coil, and a cab car, with the coil
impact direction offset from the centerline of the cab car.

The collision speed in each of these scenarios at which the tolerable amount of crush was exceeded was
used as a measure of crashworthiness.



APPROACH

Our approach to evaluating the effectiveness of strengthening cab car end structures focused on evaluating
the extent of crush in simulated collision scenarios representative of recent accidents. In making such
evaluations, there are two distinct considerations: protection of the cab operator and protection of the
passengers. Although an optimum strategy is one that protects both the operator and passenger volumes, it
is also necessary to assess improvements with respect to each type of occupant separately. For purposes of
our evaluation, we defined a“loss of operator volume” to occur when the collision has produced one foot
of crush in the operator’s cab, and a“loss of passenger volume” to occur after three feet of crush in the

passenger compartment. Quantitative assessments of safety improvements were therefore made in terms of
these crush distances.

The determination of cab car crush was made using finite element methods. The ABAQUS/Explicit code
was used to carry out the calculations. The calculations were made using amodel based on an AmFleet
Intercity coach car manufactured by Bombardier. This vehicle weighs about 104,000 Ibm, including
24,000 Ibm of structural material. A finite element model originally developed in [7] was significantly
modified so that it had baseline structural properties that are typical of existing cab cars. Only the end of
the car was modeled in detail (to adistance of about six feet past the body bolster). The remainder of the
car was modeled using lumped mass and spring elements. A total of approximately 24,000 el ements
(mostly plate type elements, afew solid elements) were used to discretize the cab end structure. The
colliding object, representing the end of another vehicle or an object, was modeled as arigid body. The
collisions were simulated by defining an initial velocity for the rigid body and letting the model calculate
the forces that arise as the cab end structure is crushed by the rigid body, dissipating the initial kinetic
energy of the colliding body through plastic deformation. The representative mesh used in the calculations
is shown in Figure 4, together with arigid body representation of the colliding locomotive underframe used
in one of the sets of calculations described below.) A detail of the mesh showing key cab-end structural
componentsis shown in Figure 5.
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Figure4. Thefinite element mesh used for the cab car crush calculations, shown with arigid surface
representing a colliding locomotive under frame.
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Figure 5. Detail of cab car mesh showing key cab-end structural components.

Current industry practiceis to design cab cars to the specifications shown in Table 1.

Table 1: Strength requirementsused in current industry practicefor cab cars.

Structural Required strength at Required strength at 18 inches
element floor level above the floor
Corner post 150,000 Ibf 30,000 Ibf (yield)
(ultimate)
Collision post 300,000 Ibf 300,000 Ibf (ultimate)
(ultimate)

New car specifications often include an additional requirement that failure at the ultimate load should
occur in the structural element and not at the connections. Otherwise, there are rarely explicit
specifications used to ensure that substantial energy absorption is achieved. That is, adesign in which
fracture and complete loss of load occurs immediately after the attainment of ultimate load meets the
specifications, despite the fact that such a design would have poor energy absorbing capacity.
Increases in the strength specifications for corner and collision post structural elementsin cab cars are
currently under active consideration by the FRA and the rail industry as the favored approach to improving
cab car crashworthiness. These elements also include the end beam and the side sill, as well as other
structural members which carry load from the corner posts to the collision post, including top plates and
mid-height lateral supports. The basis of this concept is that vehicles with higher strength at the ends and
corners will be able to resist crush and penetration of awider set of objects, and that higher collision
energies, and hence speeds, will be tolerable without loss of operator and passenger volumes.

One must carefully evaluate whether such changes fundamentally change the crush behavior of the cab end
structure. For example, increasing the strength of the collision posts likely renders them stiffer as well,
increasing the dynamic loads produced in a high-speed collision. It isaso possible that a strengthened
structure is more susceptible to failure by fracture, as opposed to bending collapse, thereby eliminating the
increased energy absorption capacity brought about by the strength increase. Another consequence of
increasing the strength of the collision posts may be that the draft sill fails prior to the collision posts

failing due to the increased bending moment that it experiences.
We evaluated several cab end structural modifications, including:
Extending the side sill to the front corner of the cab so that a higher corner load can beresisted (a

modification that requires eliminating the stairwell);
Increasing the strength of the end beam and corner posts so that a higher corner 1oad can be resisted

without sacrificing the stairwell;



< Increasing the strength of lateral supports that connect the corner posts to the collision posts, including
a “top plate” that canects tle tap of the caner post to the tgp of the cdlision post, ard a nmid-height
lateral sipport” that comectsthe correr pos to the collison pogs abou two feet aboe the floor;

e Increasimg the stength of the cdlision posts.

Three cdlision scerrios (scerario 1 ard two variations of scerrio 2) were usedto evaluate the
effectiveness of cab ed gructural modificatiors. The dructural elenerts that were e\aluated wsing these
scerariosard the nodificatiors that were mede to eaclelenent are smmarized inTable 2.

Increagsin grergth were aclieved by increasng the sctionpropertieof structural elenerts. For
scerario 1, the sick sill was ot strengthened, just exendedto join the bese d the caner post on the
operator’s sice of the cabcar. Such a staetegy eliminates tle possilility of a staiwell at this location, but
nonetheless s bteenfavorably greetedby industry. Increasimg the stengths of the cdlision posts
necessitatedeinforcing the kuffer sill to which it is attacled at its tase.

A few isstes that nust be consideredwhen strermgthening eachof these canponerts include the adlitional
weight of the added tsucture, ircluding the weight of ary supportirg structuresard the additioral cog,
including material ard manufactuing cogs, of the added tsucture.

Table2: Collision Scenarios and associated cab car end structural element strength modifications evaluated.

Collision scenario
used for evaluation

Structural elements
modified

Baseline strength
requirement

Modified strength

Scenario 1: offset (a) Extended side 150,000 Ibf 350,000 Ibf
collision with a loco sill ultimate at base

(b) End beam plus | 150,000 Ibf 500,000 Ibf

mod. (a) ultimate at base
Scenario 2 (a) End beam and 150,000 Ibf 300,000 Ibf at base,

(1% variation): corner
post-centered collision

corner post

ultimate at base,
30,000 Ibf yield at

100,000 Ibf yield at
18 inches

with a steel coil 18 inches
(b) top plate plus none 150,000 Ibf ultimate
mod (a) atend
(c) mid-height none 150,000 Ibf ultimate
lateral support plus atend
mod (b)
Scenario 2 Collision posts 300,000 Ibf 300,000 Ibfultimate
(2" variation): ultimate up to 18 up to 30 inches
collision post- inches

centered collision with
a steel coil

RESULTS

Effectiveness of Increased Corner Support

The first set of Smulations examned he efeciveress of increagd sipportfor the correr ofthe cab ed.
The sceario usedto evaluate this design change is represetative o anoff-certer cdlision wherein the
underframe of a loconutive drikes the correr ofa cab car ahrakes down the sde ofthe wehicle (much
like the Secaaus, NJ accidem).

The propertieof the primary structural conporerts at the erd of the car vere nodified, anecesary, to
prodice a nodel that coud serve asa basline dructure having propertiescorsistert with existing cab cars
ard meetirg the basline gremgth requrements shown in Table 1.



The locomotive underframe was idealized as a rigid body, with a mass of 672.9 Ib-sec?/in (a weight of
260,000 Ibm), positioned so that it strikes the corner post at floor level, overlapping the front of the vehicle
by about six inches. The front end of the rigid body was modeled as a 20-inch diameter cylindrical surface
in order to provide smooth contact, and was oriented 10° off the lateral axis of the vehicle to represent the
angled geometry of the deformed locomotive corner in the Secaucus, NJ accident (see Figure 4). An initial
speed of 30 mph was prescribed to the rigid body.

In the baseline model, the side sill stops at the door frame, about 45 inches behind the front of the corner
post, to accommodate a stairwell. Therefore, crush of the cab end is resisted primarily through bending of
the end beam away from the center sill. Two modifications to the baseline corner structure were
considered. In the first, the side sill, with a longitudinal strength of about 200,000 Ibf, was carried forward
and tied-in to the corner post at the connection to the end beam. In the second, in addition to carrying the
side sill forward, the strength of the end beam was doubled so that it resists an end load of 300,000 Ibf.

The load-displacement responses of the baseline and modified structures are shown in Figure 6. For the
baseline case, the load quickly builds up to 300,000 Ibf and then drops to an average level of about
200,000 Ibf over the next 20 or so inches before dropping to a very small value. The load then builds up
again to a second peak of about 375,000 Ibf at a crush distance of about 36 inches. This second peak

corresponds to the collision of the rigid surface with the frame element at the back of the door, where the
side sill begins.
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Figure 6. Comparison of load-displacement response to collision with a locomotive under frame for two modified

cab end corner structures (a sidesill that has been carried forward and a strengthened end beam) to that of the
baseline cab end.

With regard to Figure 6, we note that the force-crush data has been filtered to remove high frequency
oscillations in the force. We note that there is a relatively low frequency oscillation in the force for crush
levels between about 17 and 27 inches. This appears to be a dynamic effect that arises because the end



beam becomes deformed to a point where it loses contact with the colliding rigid surface, snaps back
elastically, and then vibrates. ~ We do not believe that these oscillations affect the outcome of our
comparisons. Finally, we note that self-contact of the side sill was not modeled. It is therefore likely that
the model under-predicts the resistance provided by the side sill, particularly for crush of the side sill
beyond the doorway, where it is better supported, and may fold up on itself rather than buckle. Since the
aim of our study was to compare the resistance of baseline and modified corner structures for crush levels
ranging from 12 to 36 inches, we did not attempt to improve this aspect of the model.

For the case in which the side sill has been carried forward but the end beam has not been strengthened, the
increase in the initial peak in load is sizable, about 60 percent. However, because the side sill in this
vehicle has not been designed to provide crush resistance, it quickly buckles, and provides an increase in
resistance of only about 40 percent overall. Strengthening the end beam in addition appears to provide
much more substantial increase in resistance, nearly doubling crush resistance.

Table 3 summarizes the results of these calculations from the point of view of energy absorption or,
equivalently, tolerable collision speed. This table shows the speed at which the kinetic energy of (a) a
260,000 Ibm locomotive or (b) a 40,000 Ibm truck can be completely absorbed without loss of the operator
or occupant volumes (which we defined previously to be one foot and three feet, respectively). The
increases in tolerable speed, which are proportional to the square roots of the increases in absorbed energy,
are 17% for 12 inches of crush and 19% for 36 inches of crush for the

extended side sill only, and 33% for 12 inches of crush and 39% for 36 inches of crush for the extended
side sill and strengthened end beam. This translates into an increase in tolerable speed of only a few mph
for collision with a locomotive, but up to about 7% mph for cdlision with a truck.

Table 3. Theeffect of extending the side sill on speeds at which the operator and passenger volumes become
compromised in collisionswith (a) a 260,000 Ibm locomotive and (b) a 40,000 Ibm truck.

Maximum sde closing speed Maximum sde closing speed for
for the qperator, in mph (based | the pasengers, in mph (basd
upon1 ft of crush) upon 3 ft of crush)
260,000 bm 40,000 bm 260,000bm | 40,000 bm
loco truck loco truck
Case

Basline 4.5 11.5 7.4 18.7

Exterded side sill

only 5.3 13.6 8.8 22.3

Exterded side sill,

stronger erd beam 6.1 15.4 10.2 26.1

Effectiveness of Strengthened Cab End Structures

The scord set of amulations exanined the efectiverness of increaing the grength of several cabend
structural elenerts, ircluding corner posts, cdlision posts, er beans ard other latelal members
connectirng the canerard cdlision posts. This set ¢ calcdations was mede to assess thresponse d
baselire ard modified caberdsin a cdlision represemative d the Portage, Indiara accieént in which a cab
carcdlidedinto a steel cibresting on a flat bed truck. Two variations to scerrio 2 were considered

e A geel coil, ofset abot 60 inchesfromthe axal certerline ofthe wvehicle © that it iscertered ora
corner post, cdliding with the cabcarat a spedof 30 mph. The bottom of the cal is positioned flush
with the floor of the cabcar, sothat the cdlision is ceriered vertically 36 inches alove the floor.

e Avariation to the above in which the coil is off-set only 23.5 inches from the axial centerline of the
vehicle, ard therefore cenered about one o the cdlision posts.



These two variations of collision scenario 2 are characterized by three primary structural features:

The collision occurs well above the underframe (centered 36 inches above the floor), so that the
collision generates alarge moment about the underframe.

The collision is offset—the coil strikes only one corner or collision post and generates a large moment
about a vertical axisaswell.

The colliding object is relatively blunt (the coil is 72 inches in diameter)—one would not expect to
observe fracture at the point of impact. (As noted earlier, in the Portage, Indiana accident, fracture
was, in fact, observed several inches below the impact point, just above the top of shear reinforcement
for the collision post. Thisfractureislikely due to the relatively high collision speed and the
structural detailsin thislocation. This apparent inconsistency between model and observation serves
as areminder that fracture is a phenomenon that is very dependent upon local structural and material
details and thusis hard to capture with amodel of an entire vehicle end.)

The coil was modeled as arigid cylinder with amass of 103.5 Ib-sec’/in (aweight of 40,000 Ilbm). An
initial velocity of 30 mph in the axial direction was prescribed to the rigid body, and it was not constrained
against movement in the vertical and lateral directions. (It was not defined to have rotational degrees of
freedom.) The cab car finite element mesh is shown with the rigid surface representation of a colliding
sted coail in Figure 7. Contact was defined between the rigid surface and all of the nodes near the front of
the cab car mesh.

1]
T
7

Figure 7. Thefinite element mesh used for the cab car crush calculationsfor collision with arigid surface
representing a colliding steel coil.

Corner Post-Centered Crush

The load-displacement response of the baseline cab end structure for the collision with the coil, centered
about the corner post, is shownin Figure 7. Theinitia response shows aresistance level of about 100,000
Ibf. Thisresponseis primarily dueto crushing of the mid-height lateral support, which connects the
collision post to the corner post on the modeled vehicle. Since the collision posts are positioned about 9
inches closer to the front of the cab car than the corner posts, this lateral support is loaded before the
corner post. At acrush level of 9 inches, the coil impacts the corner post, and there is a narrow peak in
load to 200,000 Ibf associated with the dynamics of the impact. The load drops down to about 150,000
Ibf, and then proceeds to gradually increase to about 300,000 Ibf at a crush level of about 32 inches. We
note that, because the cail is 48 inches wide, it first |oads the mid-height support at a point that is only

10



about 15 inches away from the collision posts. The bending resistance of this support is much greater here
than it is at it’ s comectionto the correr pos. Also, becase the coil has a 72 irch dianeter, it beds the
cdlision post away from its cannection with the erd beam sothat the erd beamdoes rot deform neaty as
much. At 32 irchesof crush at the cortact poin, the erd beamhas orly crushed abot 15 inches

400 -

200 s

force (kips)

0 1 | 1 | 1 | 1
0 10 20 30 40

crush (in)

Figure 8. Predicted load-displacement response of the baseline cab end corner to corner post-centered collision
with a stedl coil.

Three diferert modificatiors to cab ed dructureswere corsidered br this scerario:

e Casel. The correr po$ ard erd beamwere nodified b withstand a 300,000Hf load atthe floor
without exceediry the Utimate $rength of the neterial ard a 100, 000 Ibfoad at 18 inheswithout
exceedimy yield (asconpared to 150,000 Ikdrd 30,000 Ibf regectively, for the basline cag). In
addition the collison pog was strergthened 0 that it was able to vithstand a 400,000 Ibfoad
anywhere from the floor o 30 inches

e Case 2 In adlition to the charges mede for case 1the tq plate, which connects the tgp of the caner
pod to the top ofthe collison pog, was strergthened corsiderablyso that it cold withstard a 150,000
Ibf load without exceedng the Utimate stregth of the steel.

e Case 3 Inadlition to the ctarnges nmede for cases &rd 2, the md-height (26.5 inches df the floor)
lateral sipport, comecting the collison pog to the correr po$, was stremgthened <o that it too cold
withstard a 150,000 load ihout exceediry the Utimate $rength of the deel.

The load-displacenent respnse d the nodified caberd structure toa caner post-certeredcadlision with
the coil isshown in Figure 9 br eachof the ttree caes Thes cuvesindicate that grengthening the
corner post ard end beam(case ] significartly increases th inttial dynamic peakard the ciush resistarte
in the interval from 10 to 20 ithes The cuvesshown in Figure 9 rther show that increasng the
strergth of the top plate doesot change the loaddeformation regporse of the cab ed for this particdar
scerario. Itis likely, however, that a srengthened top plate wuld make a sgnificart difference if an
object cdlid es rearthe tq of the caner post.

11
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Figure9. Comparison of predicted load-displacement response of baseline and three modified cab-endcor ner
structuresfor corner post-centered collision with a steel coil.

Finally, it appears that strengthening the mid-height lateral support makes a significant difference for this
scenario. The response for this case indicates an immediate jump in load to 400,000 Ibf that is sustained
for two feet of crush before it begins to decrease. The immediate rise takes place because this lateral
support is loaded immediately by the colliding rigid surface. The effectiveness of a mid-height lateral
support for this scenario should not be surprising, since the point of contact (36 inches above the floor), is
only 9.5 inches higher than the level of the support (26.5 inches).

Table 4 summarizes the results of the corner post-centered collision of the coil in terms of tolerable
collision speed. The results shown in this table indicate that, in comparison to a collision with a
locomotive, a collision with the steel coil can be tolerated at higher collision speeds.

Table4. Theeffect of cab-end structural modifications on the speed at which the operator and passenger
volumes become compromised in corner post-centered collisions with a coil.

Maximum safe closing speed for
the operator, in mph (based upon 1

Maximum safe closing
speed for the passengers,

height lateral
support)

Case ft of crush) in mph (based upon 3 ft of
crush)
Baseline 13.0 21.8
Modification 1:
strengthened corner 17.4 24.1
post, end beam and
collision post)
Mod. 2 (Mod. 1 plus 17.0 24.2
strengthened top
plate)
Mod. 3 (Mod. 1 plus
strengthened mid- 19.0 28.2
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The results for the modified cases indicate that improvements to the maximum safe closing speed for the
operator and passenger volumes increase by about 45% and 30%, respectively.

Collision-Post Centered Crush:

The load-displacement response of the baseline and modified cab end structures to a collision with the coil,
centered about a collision post, is shown in Figure 10. The response for the baseline case shows a narrow
dynamic peak of about 320,000 Ibf, which is followed by a period of reasonably steady crush load of about

200,000 Ibf to a crush of over 30 inches.
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A
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Figure 10. Comparison of load-displacement response to collision post-centered collision with a steel coil for a
modified cab end (300,000 Ibf collision post) to that of the baseline cab end.

The response of the modified cab end, with collision posts designed to resist 300,000 Ibf up to 30 inches
off the floor, indicates a tremendous increase in crush load. In this case the load builds gradually builds up
to over 70,000 Ibf at 15 inches of crush before dropping due to underframe buckling. Such behavior
results in a significant degree of energy absorption over the first 30 inches of crush.

Table 5 summarizes the results of the collision post-centered collision of the coil in terms of tolerable
collision speed for the baseline cab end and for the modified cab end with collision posts designed to resist
300,000 Ibf. The results are similar to those shown in Table 4 and indicate that improvements to the
maximum safe closing speed for the operator and passenger volumes increase by about 60% and 45%,

respectively.

Table5. Theeffect of cab-end structural modifications on the speed at which the operator and passenger
volumes become compromised in a corner post-centered collision with a coil.

Maximum safe closing speed for Maximum safe closing speed for
the operator, in mph (based upon | the passengers, in mph (based upon

Case 1 ft of crush) 3 ft of crush)
Baseline 12.2 20.4
Modified 19.2 29.7

13



SUMMARY AND DISCUSSION
The results of the three sets of cab end crush simulations indicate that moderate to substantial increases in
tolerable collision speeds can be achieved through straightforward modifications of front-end structures.

For the model cab car, extending the side sill forward to the corner alone provides an increase of 15 to 20
percent in tolerable collision speeds for the collision scenario representative of a locomotive underframe
raking down the side of the vehicle. This relatively modest increase in safety is found because the mode
of collapse of the side sill —buckling — is e that does rot absarb much erergy. It is likely that tderable
collision speeds an, in fact, be increased significantly through thedesign d a side sill that crushes in a
controlled fashon rather than buckling.

The resllts for this scerario further show that grergthening the erd beanxclearlyimprovesthe erergy
camhility of the caner structure for swch cdlisions (by about 40 percert). Before implenmerting sich
charges in correr grergth, however, ore nust corsider the corsequencesof the larger impact brcesthat
acconpary thes increagsin srergth.

For the caner post-certered cdlision with the cadl, the nodel predcts increases intolerated cdlision
speeds ranging from 4 mph (for 1 ft of crush) to 7 mph (for 3 ft of crush). Likewise, br the cdlision post-
certered cdlision with the cdl, the nodel predcts increases iriolerated cdlision speeds d 7 mph (for 1 ft
of crush) to 9 nph (for 3 ft of crush). Thes reasnably subgartial increagsin operator ad pasenger
protectionarise, inpart, becase of sronger lateral sructural elenerts (particdarly the ed beamard the
mid-height lateral sipport), which serve to carrymore ofthe offset load to tke much stronger collision
pods. Thes trarsvere gructural elenerts calse the cab ed dructure to belave more like a fame trana
collectionof beans, ard therefre allowmore ofthe cabend gtructure to participate imb®rbing the
erergy of the cdlision.

The limited improvenert in sakty predctedfor scemrio 1 for the case banextended side sill only is an
excellert illustration that sgecifications basedupon strength alone ae rot suficiert to ersure sakty in a
collision. Further increases in tolerable collision speeds for cab cars can likely be achieved through
detailed ewluations of cradworthiness aspart ofthe desgn of key cab e dructural elenerts. Desgn
specificatiors posd ody in terns of grength do rot characterize th erergy ab®rbing characteritics of
structures. Buckling ard fracture canlimit energy absarption capability and should be consideredin the
design of erd stiuctures. Factue does rot appearto limit energy absarption for the modeled cdlisions;
however, aswas observed in the Portage Indiama acciden fractue canbe a najor factor deterriming
erergy aborption.

Moving forward, ecificatiors for the desgn of cradworthy cab carsnay be better pad intermns of
erergy absarption specified crush distarces br a rumber of well-defined, represemative cdlision
scerarios
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