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SUMMARY

This thesis summaries work undertaken between May 1989 and October
1991 aimed at developing a computer aided technique (not CAD) for the
design and manufacture of timing scrolls, which was conducted under the

financial support of Unilever Research and Gestec Industrial Ltd..

Timing scrolls have been used in the packaging industry for several
decades and have become an important component on packaging lines for
handling various containers during packaging operations. As container
shapes have become more diverse and line speeds have continued to in-
crease throughout the packaging industry, problems have become apparent
in the performance of timing scrolls manufactured by traditional tech-

niques.

The work reported here has been concerned firstly with a fundamental
study of the scroll pocket shape and how this shape can be generated from
a knowledge of the container shape and the required motion of the con-
tainer. For containers which are prismatic or non-prismatic, and which
have cross-sections which are either geometric or free-formed, techniques
have been established for the automatic generation of the scroll’s longi-
tudinal section. From this, a technique for the CNC machining of the

scroll has been established.

Computer software for the design and manufacture of timing scrolls to
run on a u-VAX machine has been developed and is presented in this the-
sis. This scroll package, working from a numerical description of the

container surface, the requirements of the motion control, envelope theo-



ries, spline techniques and other numerical methods, is able to determine
the surface of the scroll flute and produce the CNC code for the manu-

facture of the timing scroll.

Some experimental work has been undertaken for different motion con-
trol requirements and on different types of containers. The scrolls
produced by this package have a smooth and continuous surface, a good
match with the corresponding container surface and a satisfactory line
performance. A number of photographs are presented in this thesis which
give a view of the surfaces of the scroll flute and the quality of match

between the container surface and the scroll flute.
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CHAPTER 1
INTRODUCTION

Timing scrolls appeared in the canning and brewery industry during the
early 1900's. After several decades, they had been widely adopted in the
packaging industry and became an important feeding mechanism for a wide
range of containers. Packaging line speeds have increased and the range
of container materials has become much wider. The shape of containers
has become more diverse and thus the techniques used for the design and
manufacture of such timing scroll has become critical for successful pack-
aging line performance. Since 1980, various techniques have evolved to
improve scroll design, manufacture and line performance. In recent years,
as CAD, CAM and CNC techniques have evolved, scroll design and manu-
facturing techniques began to be linked with computer techniques. In this
thesis, an approach to obtain a scroll design and manufacturing package
is presented from which it is supposed that any type of scroll can be
produce with a correct pocket shape and good dynamic characteristics.
Tests using carefully chosen containers have been made using this scroll
design packaging. The results indicate that the scrolls obtained by this

package have the correct pocket shape and good line performance.

1.1 The Construction of the Timing Scroll

A timing scroll is a mechanical device such as that illustrated in Fig
1.1, which in rotating will collect, transfer, and time any container into a
correct position so that work, such as filling, capping and labelling can
be done on that container either in the timing scroll or subsequent to it.

Normally, a timing scroll consists of three sections, a feeding section, an



acceleration section and an exit section as shown in Fig 1.1. There are
infinite possible variations in pitch, acceleration, pocket configuration and

either outside or root diameters.

In order to smoothly feed containers into the scroll, the velocity (Vi)
of the feeding section is usually constant. On the same principle, to let
containers smoothly leave the scroll and enter a starwheel, for example,
the velocity (V,.) of the exit section is kept constant. Once the containers
enter the scroll, the scroll is required to smoothly transfer the containers
through the scroll length. Therefore, the scroll must have a correct pocket
shape to match the container surface and a smooth and continuous dy-

namic characteristic.

1.2 The Fundamental Relationship between

the Scroll, the Starwheel and the Conveyor

On a packaging line, a scroll usually works in conjunction with a
starwheel, a conveyor and guide rails. The relative positions are shown
in Fig 1.2. Containers are transferred into the scroll by a conveyor, the
scroll is then required to position the containers and discharge them at the
same pitch as the starwheel. Therefore, the discharge pitch (P,.) of the

scroll is equal to the pitch ( P,) of the starwheel, that is

P P

out * s

During normal operation, the conveyor should never run slower than
the container handled by a scroll. Since it is common that one conveyor
chain has to serve several packaging machines on a packaging line, the

conveyor speed is usually set to run slightly faster than the pitch of the

2



largest machine [1]. Therefore, the conveyor speed is greater than the

transferring speed of all scrolls on that packaging line, that is

Vo= Vg

el ==

Where V,, represents the conveyor speed, V,, the transferring speed of the

scroll

1.3 The Functions of a Timing

Scroll on a Packaging Line

On a packaging line, the use of the timing scroll can go far beyond the
simple infeed of containers to a packaging operation. Timing scrolls can
also be used as a part of an operation to halt or position containers for
packaging operations and can serve as line-control devices to accelerate,
decelerate, divide or merge packaging flow as needed. There are many
different types of scroll, which are used on packaging lines for different
purposes. The commonly used scrolls are discussed in this section. The

corresponding drawings are also given.

(a) Straight-root Scroll

Straight-root scrolls are the most widely used timing scrolls. This type
of scrolls has a constant root diameter. For the purpose of smoothly
feeding the containers into the scroll, the front part of this type of scroll
is specially designed so that the thread height is gradually increased to the
outside diameter. Straight-root scroll can play several different roles on

a packaging line.



A transferring scroll (Fig 1.3)is usually a straight-root scroll. It accepts
a container at the discharge end of a machine and positively controls the
container to the infeed of the next machine, preventing container contact,

scratching and the possible spilling of the container’s contents.

A dwell scroll (Fig 1.4) is another type of straight-root scroll. When a
container needs to be stopped during the packaging operation .one or more
times to perform functions on the container, a dwell scroll can effectiveély
control that container. Since a dwell scroll has a 'vertical’ section in the
scroll pitch, it can momentarily halt the container in its forward motion.
Therefore, such a dwell scroll is useful for functions such as filling, la-

belling, banding etc.

A grouping scroll (Fig 1.5) is also a type of straight-root scroll. On the
packaging line, where two or more containers need to be collated into a
group, this type of scroll can perform the operation smoothly by means of

a divided pocket that also spaces the collation by a full pitch from the next

group.
(b) Multiple Design Scroll

Multiple design scrolls (Fig 1.6 and Fig 1.7) are those scrolls, such as
combining scrolls, turning scrolls, orienting scrolls etc., which are de-

signed for specific line requirements.

Combining scrolls (Fig 1.6) are a pair of scrolls with almost the same
configuration. This type of scrolls can be used to merge two lines of
containers into one, which is particularly useful on the packaging line
where the output of two unscramblers is needed to supply one packaging

line or for the merging of two lines into one final packaging operation.



Turning scrolls (Fig 1.7) can be used to turn containers into any orien-
tation between 0 and 360 degrees. This function is often required to ensure
that the containers then occupy the minimum packaging space or for la-

belling processes.

There are many other types of timing scrolls which perform different
roles on the packaging line. A detail discussion about the types and

functions of timing scroll can be found from the literature [2], [3].

1.4 Scroll Design Theories

and Manufacturing Techniques

Up to 1980, timing scroll design theories had hardly changed. All
scrolls were designed by Linear Displacement Theory which was first used
several decades ago. This scroll design theory does not deal with either
the dynamic characteristic of the timing scroll or the description of the
container surface. These are the key factors which strongly affect the
shape of a scroll flute. The scrolls obtained by this design theory normally
have poor pocket shape and packaging line performance although the

scrolls can be used satisfactorily at low line speeds.

The motion control or the dynamic characteristic of the scroll is an
important factor in timing scroll design. Poor dynamic characteristic of
the timing scroll and poor handling properties of the container can be held
responsible for a high percentage of line downtime. The majority of the
existing scroll design theories attempt to optimise the dynamic character-
istic of the scroll and obtain a scroll with smooth and continuous dynamic
character. Various improvements have been presented on this subject, al-

though as unstable containers become more common on the packaging line,

5



the values of the forces exerted on the container surface have become more
important factors. Indeed some of the scroll users have already noticed
the effect of these forces and the resulting jamming of the containers [4].
Container jams and damage are the main reasons for reduced line effi-
ciencies. An audit of a bottling line in the Lever Italy factory in Pozzilli
found that approximately 80% of all downtime was due to short duration
stoppage caused by bottle jamming [5]. In the future this problem will
become more common since the current trend in the packaging industry is
to reduce the overall weight of the containers. Containers which are more
easily deformed, with much less stability and much poorer handling prop-
erties, are likely to become more common in the future. Therefore, the
forces exerted on the surface of this type of container will play an impor-
tant role in the scroll design. However at present, work concerned with
reducing the values of these forces has just begun although there are some

proposals to analysis the forces applied on the container surface [6].

The geometry of the container surface is also an important factor which
directly affects the form of the scroll flute. Most of the existing scroll
design theories are not concerned with the affect of the container surface.
The shape of the scroll flute is dealt with by the manufacturing process.
The majority of the existing scroll manufacturing techniques only suit
containers with a prismatic surface (container with parallel sides) [4]. For
a container with a non-prismatic surface, these techniques treat it as a
prismatic one. Under certain circumstance, this simplifying of the con-
tainer surface can give rise to large errors in the scroll flute. This is

demonstrated in the following example.

On a milling machine, cylindrical cutters are usually used to machine
scrolls. The surface of the cutter represents the container surface and

obviously, this technique is ideal only for cylindrical containers. As the



diameter of the container changes, different tool sizes are chosen. When
this technique is used to machine a scroll for a container with non-
cylindrical or non-prismatic surface, the surface of the container will be
replaced by a cylindrical surface during the machining process. Therefore,
the scroll flute will be deformed. For example, if a scroll which will be
used to handle a container with a partly spherical surface is required, a
cylindrical cutter with the same diameter of the sphere may be used to
machine this scroll as shown in Fig 1.8. During the scroll machining
process, the spherical surface is represented by the cylindrical surface of
the cutter with the same diameter. Therefore, the scroll flute obtained
will match the cylindrical surface of the cutter but only a part of the
spherical surface of the container. Another technique used in scroll ma-
chining is that using a fly-cutter (see Chapter 2). This technique generates
the scroll flute with the same principle. Until NC machines evolved, this
technique was extended to produce scrolls for prismatic containers. How-
ever, as the NC or CNC machine tools were only equipped with linear and
circular interpolation functions, this technique only suited the prismatic
container with a simple cross-section curve composed of basic geometric

elements.

On a lathe, although a workable scroll can be machined, it is difficult
to obtain a scroll for a non-prismatic container. This is determined by the

principle of the lathe.

1.5 The Objectives of the Present Work

As computer techniques are now widespread, interest has been focused
on using CNC machining for the manufacture of timing scrolls. This in
turn implies a computer based design technique which should be suffi-

ciently flexible to cater for any type of container. Any dynamic require-
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ment of the container must be handled by such a design package and
ideally, such a package would run on a mini computer or a PC clone. An
approach to obtain such a scroll design package is presented in this thesis
and it is supposed that any type of container, prismatic, non-prismatic,
non-axisymmetric and unstable, can be handled. A scroll pocket which
matches the container is required in order that a better packaging line

performance can be achieved.

The Objectives of the Present Work

(1) To develop a technique which can be used to describe any con-
tainer surface. Since many containers are designed using CAD systems it
will be necessary for such CAD systems to provide surface data in the re-

quired format.

(2) To establish a scroll design theory which can obtain the correct

scroll pocket shape and suit any type of container surface.

(3) To optimise the dynamic characteristic of the scroll to reduce the
values of the forces exerted on the container surface and smoothly and

continuously transfer the containers throughout the timing scroll.

4) To develop a technique which can obtain an approximating en-
velope curve of a family of curves in two dimensional space where such
curves can not be described by an analytic function. This is the key to

representing the scroll flute on the longitudinal section.

(5) To build up a scroll design package which can meet the general .

requirements of a timing scroll manufacturer and can deal with different

8



types of container surfaces and directly output an NC program for the

manufacture of a timing scroll.

Chapter 1 of this thesis is an introduction of the present work and
Chapter 2 the literature survey which covers various aspects connected
with the present work. The fundamental theories of the present work are
discussed in detail in Chapter 3. The definition of the container surface
and the timing scroll design are dealt with in Chapters 4 and 5. Chapter
6 1s the motion control or the dynamic optimisation of the timing scroll
and Chapter 7 the design of the timing scroll for rectangular and square
containers. The construction of the scroll design and manufacturing
package is discussed in Chapter 8. The description of the machine tool,
the control system, the output format of the NC program and the exper-
imental work are reported in Chapter 9 and Chapter 10 contains the dis-

cussion and conclusions.
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Fig 1.3 A Transferring Scroll
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Fig 1.7 A Turning Scroll
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CHAPTER 2
LITERATURE SURVEY

The present work is concerned with three subject areas. These are tim-
ing scroll design and manufacturing techniques, envelope theories and
curve and surface fitting. This literature survey follows the same struc-

ture.

2.1 Literature Survey of the Existing Timing Scroll

Design Theories and Manufacturing Techniques

Timing scrolls have been used in the packaging industry since the early
1900’s. However, up to 1980, scroll design theories and the manufacturing
techniques hardly changed. As packaging line speeds ha\;e increased
throughout the packaging industry, the performance of the timing scroll
has become critical, especially when difficult shapes and container mate-
rials are being handled. Since 1980, scroll designers began to search for
a better scroll design technique which could produce a high speed timing
scroll, 1.e. a scroll with good matching pocket shape and a smooth and
continuous dynamic characteristic. Several approaches have been em-
ployed and the existing scroll design theories and manufacturing tech-
niques are discussed in this section. As the production of timing scrolls
normally consists of two stages, scroll design and scroll manufacture, this

literature survey covers these two topics.
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2.1.1 Literature Survey of Existing

Timing Scroll Design Theories

The correct design of a timing scroll is one of the most important fac-
tors influencing packaging line performance. Between 1930 and 1980 all
timing scrolls were designed by Linear Displacement Theory (LDT) and
laid out manually or semi-manually. The scroll designed by this technique
is workable at low line speed only. By applying LDT to design a timing
scroll, the displacement of the container becomes a linear function of the
scroll rotation. For every degree of the scroll rotation, the container ad-
vances a fixed distance. The displacement of the container can be de-

scribed by
Y=at + b

Where Y represents the displacement, t rotation of the scroll and a and

b are constants.

To transfer a container without pulsation and chatter, the basic re-
quirements are that the velocity and acceleration curve which describe the
container movement have to be smooth and continuous. For LDT, the
characteristics of the velocity and acceleration curves can be obtained by
taking the first derivative and the second derivative of the displacement

with respect to t, which are

i
2
A=2TX -9
dt
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