Ramp design: part I1

J. Ross Moore and B. J. Stephens

ABSTRACT: In a previous paper [Tappi . 74(11):
161(1991)], the authors presented a mathematical model that
provided a means for the prediction of paper roll velocity and
displacement down a given incline. In this second paper, the
results of numerous physical tests using rolls of varying hardness
on a ramp of known slope are presented in support of the
mathematical model. These results are tabulated and graphed to
provide reference material for ramp analysis and design.
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Model development

amp applications for paper roll
handling are extensive. Yet, it
was discovered by the authors that
no scientific basis had been applied
to the selection of ramp slopes until
the first paper was presented on the
subject (1). Slope selection was based
on historical and empirical data,
without an understanding of roll dy-
namics or the ability to predict roll
velocity and displacement.
Research uncovered a rolling re-
sistance model developed by Shames
(1) that assumed rolling resistance
was created by the surface deform-
ing and bunching in front of a rigid
roll (Fig. 1A). This model shows that
the deformation of the surface al-
lows the normal reaction force N to

rotate through an angle ¢. This rota-
tion of the normal reaction force re-
sults in a component of force that
opposes motion. For relatively soft
paper rolls rolling down steel or con-
crete ramps, Shames’ model does not
seem to conform to what is physi-
cally observed (i.e., the paper roll
deforming and the ramp surface re-
maining undeformed). However,
Shames’ concept was useful to the
authors in developing the model il-
lustrated in F'ig. 1B, wherein it is
assumed that the surface remains
undeformed while the roll flattens
over the region of contact (2). This
flattening allows the normal reac-
tion to assume a position offset from
the center line of the roll, resulting
in an opposition to motion.
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Roll Ramps

Equations for the velocity and dis-
placement of the paper roll shown in
Fig. 1B were developed by consider-
ing the forces acting on the roll de-
picted in Fig. 2. As reported in the
first paper, the equation for the ve-
locity of the roll down the ramp was
found to be:

v = dx/dt = K[sin 6 — (a/p)cos 8]z + v,
N

where v, is the initial velocity of the
roll down the ramp, a is the distance
the reaction force normal to the sur-
face of the ramp is offset from the y
axis, p is the radius from the center
of the paper roll to the ramp, 0 is the
angle the ramp makes with the hori-
zontal, and

K =mg(m + 1/p?)

where m is the mass of the roll, g is
the gravitational constant, and [ is
the mass moment of inertia of the
roll. Integration of the velocity equa-
tion yields the displacement equa-
tion:

x = K/2[sin q — (a/r)cos qF + vt + x,

@

where 1, is the initial roll displace-
ment.

The term (a/p)cos 0 is seen in both
the velocity and displacement equa-
tions to be a factor resulting from
the opposition to motion. Since 8is a
function of the installation of the
ramp, a/p is the only factor which
can be a function of the physical char-
acteristics of the roll. In general, the
softer the roll the greater the roll
deformation. This greater deforma-
tion results in a smaller radius to the
ramp and a greater offset of the re-
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1. Rolling resistance models. A: Shames (7). B: Moore and Stephens (2).
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I. Paper roll attributes
Roll number 1 z 3 4 5 6
Paper type Fine white Napkin Fine white Newsprint Coated liner Tissue
Weight, Ib 1358 328 690 68.5 3358 498
Width, in. 36 5/8 23 3/4 19 15 46 1/8 65 1/8
Outside diameter, in. 397/8 40 1/16 397/8 14 3/8 60 1/8 337/16
Deformed diameter, in. 397/8 40 39 13/16 14 5/16 60 1/8 333/8
Core diameter, in. 3 12 3 3 12 16
Condition Good Good Out of round Butt Banded Wrapped
Average Schmidt hammer 46.2 29 43.3 41.3 46 26.2
action foree. Thus, it is seen that hysteresis losses, that were not yet Laboratory setup

there is a correlation between roll
hardness and the degree of opposi-
tion to rolling.

Initial laboratory trials with a few
small paper rolls were performed.
The test results were sufficiently
close to the predicted results (Fig.
3). This agreement indicated that the
model was able to predict roll behav-
ior. It was acknowledged, however,
that measuring techniques used in
the laboratory experiment were
crude; the number of trials was not
statistically valid; and there might
be factors associated with rolling a
wound roll of paper, such as possible

196 May 1994 Tappi Journal

defined. (Hysteresis loss is defined
as the energy converted to heat, as
by internal friction, in a material ac-
companying cyclic variation of the
driving variable.)

Arising out of this initial foray into
the phenomena associated with the
motion of a paper roll on a ramp was
the commitment to perform more
precise laboratory trials in statisti-
cally valid numbers, using full size
mill equipment and representative
trial rolls. Those trials and the re-
sults are described below.

The initial step in conducting addi-
tional tests was the preparation of a
laboratory facility. Through the do-
nation of two roll stops, a set of turn-
ing rolls, and connecting ramps from
Weyerhaeuser Paper Co. in New
Bern, NC, enough equipment was
obtained to construct a full-scale
ramp facility in a laboratory at the
University of Alabama at Birming-
ham. The ramp was constructed with,
a roll stop at each end and an aver-
age slope of 1/4 in./ft. A rigid end
stop was included in the design as a
safety precaution. The ramps were
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welded together and then secured to
the floor. Asillustrated in Fig. 4 and
5, the length of ramp available for
roll testing was approximately 9 ft
between roll stops.

It was intended that the paper rolls
would be positioned and held by the
upper roll stop, then released and
stopped by the lower roll stop. The
time each paper roll took to travel
the known distance down the ramp
would be timed by triggering an os-
cilloscope as the paper roll broke a
start beam and then a stop beam.
Infrared beam sensors were used so
that laboratory lighting would not
present a problem. The oscilloscope

and sensors are depicted in Figs. 5
and 6.

Roll testing

Initial trials indicated that releasing
a roll by lowering a roll stop could
not provide accurate data. This was
due to the fact that the roll stop re-
tarded the initial acceleration of the
paper roll down the ramp. While this
condition might be acceptable in an
industrial setting, it cannot be ac-
counted for by the present theory. It
was decided that some quick release
mechanism would have to be used to

hold and release the paper roll. At
the 1/4-in./ft slope, the roll could be
positioned by the testing team and
then safely held in place by one per-
son. Upon zeroing of the timing sys-
tem, the roll could be released by
simply removing a hand. This method
of releasing the rolls proved suitable
and provided a true zero initial ve-
locity and a constant roll accelera-
tion. Each paper roll was positioned
and released in this manner 30 times.
Test times, together with the dis-
tance between the start and stop sen-
sors, were recorded for later
reduction.
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Roll Ramps

6. Laboratorv setup

7. Histogram of test times for a hard roll
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Schmidt hammer tests were con-
ducted on each paper roll prior to
the timed test. The Schmidt ham-
mer is an impact-based device for
measuring roll hardness. The instru-
ment measures the rebound of a
small plunger after it strikes the pa-
per roll (3). Schmidt readings were
taken at a zero angle or at the point
where the x axis would exit the pa-
per roll. Readings were taken close
to each end and in the middle of the
roll. The average of these values
were recorded together with the type
of paper, weight, width, nominal out-
side diameter, deformed diameter,
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core diameter, and condition of the
paper roll (Table I).

Data reduction

A mean value of the 30 test times for
each paper roll tested was calculated
along with standard deviations of test
times (Table II). A representative
histogram of the test times for a hard
roll are depicted in Fig. 7. Confi-
dence interval testing performed on
each set of data indicated that all
data fell within a 95% confidence
level.

The displacement equation was
then solved for the rolling resistance
parameter as:

alp = [sin © — 2x/K)]/cos ©  (3)

The average test time together
with the known test distance x, the
known ramp angle 6, and the calcu-
lated value of K were then used to
calculate the average value of a/p.
These values are included in Table
1L



ll. Average test time, standard deviation, and rolling resistance parameter

Roll number 1 2 3 4 5 6
Test length, in. 101 101 724 111 103 58
Average test time, s 6.97 8.07 5.46 7.38 7.08 8.54
Standard deviation 0.12 0.21 0.14 0.19 017 0.30
Calculated rolling

resistance parameter 0.0047 0.0091 0.0052 0.0052 0.0050 0.0151

2Slope for this run was 9/32 in./ft. All other siopes 1/4 in./ft.

Test results

Figure 8 shows the rolling resistance
parameters calculated from the
timed tests and the data reduction
plotted as a function of roll hardness
as indicated by Schmidt hammer
readings. Hard paper rolls, indicated
by Schmidt hammer readings in ex-
cess of 40, had rolling resistance pa-
rameters in the range of 0.0047 to
0.0052. Transitional paper rolls, in-
dicated by Schmidt hammer read-
ings of 27 to 40, had rolling resistance
parameters in the range of 0.005 to
0.01. Soft paper rolls, indicated by
Schmidt hammer readings of less
than 27, had rolling resistance pa-
rameters greater than 0.01.

It may be seen from the velocity
and displacement equation that the
limiting value of the rolling resis-
tance parameter for a ramp with a
1/4-in./tt slope is 0.021. In the pro-
cess of running trials, a roll of coated
linerboard was selected for testing.
This roll was 37 3/8 in. wide, 60 in. in
diameter, and weighed 2668 1b. The
roll was steel banded on each edge
and had a 12-in. core. The roll was
positioned on the ramp and Schmidt
hammer readings were taken to es-
tablish the roll hardness. As the
Schmidt hammer was moved across
the width of the roll, it became ap-
parent that there was an extreme

variation in roll hardness. One edge
of the roll was very hard (Schmidt
hammer of 40), but the readings
quickly fell as the distance from the
hard edge increased. By the middle
of the roll and onto the other side of
the roll, the Schmidt hammer read-
ings dropped to 20 and 16, respec-
tively. In addition, the radius to the
ramp on the hard side of the roll
only decreased by 1/16 in., while on
the soft side of the roll the radius
decreased by more than 1 in, This
gave the roll a tapered shape. When
the roll was released, it did not move.
This indicated that the rolling resis-
tance parameter was greater than
0.021, and the roll was deemed non-
usable for test and removed.

The experience with the roll de-
scribed above suggests that, regard-
less of the design parameters of a
ramp system, there will always be
rolls produced that are nonhomo-
geneous to the point that they must
be rejected. Many of these rolls will
not roll without intervention on a
ramp designed for a homogeneously
wound roll. Consequently, it is rec-
ognized that proper ramp slope is
not a remedy for all paper roll-han-
dling problems. Instead, roll-han-
dling systems should be designed so
that reject rolls may be easily re-
moved from the system at the earli-
est possible point.

Conclusions

The displacement-time plot shown
in Fig. 9 indicates that the derived
equations are capable of accurately
predicting roll dynamics. While the
definitions of hard, transitional, and
soft are arbitrary, the data suggest
a direct correlation between paper
roll hardness, as measured by
Schmidt hammer tests, and rolling
resistance parameter. The tests also
suggest that rolling resistance is only
a function of hardness, not weight or
paper roll size. If a nominal value of
0.005 is used as the rolling resistance
parameter for all of the hard paper
rolls, the largest percent difference
between the average test times and
the predicted times is 0.92%.

Future research

We plan to continue with the present
course of research. As more tests
are conducted with the available rolls
and additional rolls of varying hard-
ness are obtained and tested, the
definitions of hard, transitional, and
soft should become more apparent.
These test rolls will also be slabbed
down and gap tests will be conducted.
This new information should provide
an additional correlation between
rolling resistance and roll quality.
Three other research projects are
presently planned and should com-
mence within the year. The first will
attempt to address the question of a
static rolling resistance coefficient.
The ramp facility will have to be re-
built for this particular project. The
rebuild will incorporate an actuator
that will allow the slope to be varied.
This variable slope ramp will not only
provide information on the statie roll-
ing resistance coefficient, but will
also allow for the testing of softer
paper rolls. These new data should
complete the information provided
in Fig. 8 and provide the designer
with information required to design
quick drops. The second projeet will
deal with the interaction of a paper
roll and a pneumatic roll stop. The
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intent of this project will be to de-
fine the proper roll stop controls and
settings needed to bring a paper roll
to a stop without damage or rebound.
The third project will examine the
effect of initial velocity imparted by
such actuators as roll kickers, tilt-
offs, ete. Additional research, yet un-
planned, might also probe the effects

of hysteresis on roll dynamics.
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CORRECTION

Correct address
for Mardon

The mailing address listed for
Jasper Mardon in the Febru-
ary “On Management” section
of Tappi Journal and earlier
installments of his series on ca-
reer managment contained a
mistake. The correct listing is
Jasper Mardon, President,
Omni Continental, P.0. Box
91098, West Vancouver, BC,
Canada V7V 3N3. The street
address for Omni Continental
is 2380 Haywood, West
Vancouver, BC, Canada V7V
1X7.
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