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ABSTRACT OF THE DISCLOSURE

In an individual section (IS) machine glassware forming system (10) that includes
a gob distributor (18) for delivering glass gobs to individual machine sections
(20a - 20n) in sequence, blank molds (30) at each machine section for forming gobs into
blanks and blow molds (32) at each machine section for forming the blanks into hollow
glass containers, apparatus for timing arrival of the gobs at each machine section and
terminating operation of a section in the event of an imminent gob misload comprises
£ob sensors (40a -¢) and (42a - ¢) and associated electronics for determining gob arrival
timing at each machine section. The gob arrival timing so determined is compared to a
preset shut-down limit at each machine section. Operation of the blank molds (30)ata
machine section is immediately terminated when gob arrival timing at that section
exceeds the preset limit, while the blow molds (32) and ware transfer mechanisms for
that section are permitted to complete an operating cycle. In this way, damage to the
blank molds (30) and generation of tramp glass are prevented while the section is
cleared of acceptable glassware. After the potentially misloaded glass is cleared and any
necessary repairs are made, the machine section may be restarted employing normal
restart techniques. Operation at the other machine sections (20a - 20n) continues without

interruption.
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GOB ARRIVAL TIMING IN AN INDIVIDUAL
SECTION MACHINE GLASSWARE FORMING SYSTEM

The present invention is directed to individual section (1S) machine glassware
forming systems, and more particularly to a method and apparatus for monitoring timing of
arrival of glass gobs at the individual machine sections and controlling the machine sections
as a function of such gob arrival timing.

Background and Objects of the Invention

The art of glass container manufacture is currently dominated by the so-called
individual section or IS machine. Such machines include a plurality of separate or individual
manufacturing sections, each of which has a multiplicity of operating mechanisms for
converting one or more charges or gobs of molten glass into hollow glass containers and
transterring the containers through successive stages of the machine section. In general, an
IS machine system includes a glass source with a needle mechanism for controlling a stream
of molten glass, a sheer mechanism for cutting the molten glass stream into individual gobs,
and a gob distributor for distributing the individual gobs among the individual machine
sections. Each machine section includes one or more blank molds in which a glass gob is
initially formed into a parison in 2 blowing or pressing operation, one or more invert arms
for transferring the parisons to blow molds in which the containers are biown 1o final form,
tongs for removing the formed containers onto a deadplate, and a sweepout mechanism for
transferring molded containers from the deadplate to a cross conveyor. The conveyor receives
containers from all sections of an IS machine, and conveys the containers to a loader for
transter to an annealing lebr. Operating mechanisms in each section also provide for ¢losure
of mold halves. movement of baffles and blowing nozzles, control of cooling wind, ete. U.S.

Patent No. 4.362.544 includes a background discussion of the art of both “blow and blow"
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and “press and blow™ glassware forming processes, and also discusses an

electropneumatic individual section machine adapted for use in either process.

The timing of the arrival of the molten glass gobs at the blank or parison molds of
each machine section is a critical element of system operation. Gob arrival timing can
vary significantly due to a number of factors, such as dirt accumulation and/or coating
wear along the scoops, troughs and deflectors of the gob distributor system. Late asrival
of a glass gob at a blank mold can cause serious mold damage requiring extensive
machine downtime for repair, and can generate so-called tramp glass that may
contaminate glassware formed in adjacent machine sections. It has heretofore been
proposed to sense arrival of glass gobs at the individual blank molds, and to initiate mold
closure and a section operating cycle upon arrival of the glass gobs. However, such an
arrangement is unduly complex and not well suited for multiple-section machine systems
in which timing must be coordinated among the several machine sections.

It is an object of the present invention to overcome or ameliorate at least one of
the disadvantages of the prior art, or to provide a useful altemative.
Summary of the Invention

According to a first aspect, the invention provides a method of controlling
operation of an individual section (IS} machine for forming hollow glass containers that
includes means for delivering glass gobs to each section of said machine, first means at
each section for forming gobs into blanks, sccond means at each said section for forming
blanks into containers, means for transferring blanks from said first means to said second
means, and means for delivering containers from said second means, said method
comprising the steps of:

(a) timing arrival of each said gob at each said first means,
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@) timing arrival of each said gob at each said first means,
(b) comparing cach gob atrival timing in said step (a) to a preset limit, and
{c) when gob arrival timing in said step (a) exceeds said preset limit in said

step (b), immediately terminating operation of said first means of the associated section
to prevent generation of tramp glass at said first means, while completing a cyele of
operation at said (ransferring means, said second means and said delivering means of
said associated section (o complete formation of blanks at said second means into glass
containers.

Unless the confext clearly requires otherwise, throughout the description and the
claims, the words *comprise’, ‘comprising’, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense
of “including, but not limited to”,

According le a second aspect, the invention provides an individual section (IS)
machine glassware forming system that includes means for delivering glass gobs to
individual machine sections in sequence, first means at cach said section for forming
gobs into blanks and second means at each said section for forming blanks into glass
containers, and means for timing arrival of said gobs at each said section and terminating
operation of a section in the event of an imminent gob misload, said timing means
comprising:

means for timing arrival of each said gob at each said section,

means for comparing gob arrival timing to a preset shutdown limit at each said

section, and
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According to another aspect, the invention provides an individual section (IS)
machine glassware forming system that includes an individual section machine having a
plurality of machine sections each with a plurality of blank molds in which glass gabs
are formed into blanks, a plurality of blow molds in which blanks are formed into
individual glassware, means for delivery of glassware from said blow molds, and means
for delivering glass gobs to the blank molds of a section simultanecusly and to each
scction in tum, means for timing arrival of said gobs at each of said blank molds at each
said section wherein the timing means comprises:
first gob sensing means for sensing arrival of glass gobs at said means for
delivering glass gobs,
second gob sensing means at each said machine section for sensing arrival ol glass
gobs at the blank molds of each said machine section,
means coupled fo all of said gob sensing means for timing travel of glass gobs
from suid first gob sensing means to each of said second gob sensing means,
means coupled to said travel-timing means for determining when travel time of a
glass gob from said first gob sensing means to any of said second gob sensing mcans
exceeds a preset limit, and
means responsive to said determining means for immediately terminating
operation of the blank melds of the machine section at which gob trave] time exceeds
said preset limit while permitting completion of a cycle of operation at the blow molds
of that section.
Advantageously, the present invention, at feast in a preferred form, provides a

system and method for measuring gob arrival timing at the multiple sections of an



-3b-
event of late gob arrival in such a way as to prevent mold damage and generation of

tramp glass while completing the operating cycle of that section, and without affecti ng

operation of other sections on the machine. More advantageously, the present invention,

at least in a preferred form, provides a method and system of the described character that
5 facilitate evaluation of the gob delivery equipment for dirt buildup, coating wear or other

gradual deterioration so that the gob delivery equipment can be repaited before gob

delivery timing deterioration becomes critical.

Advantageously, operation of the blank molds at a machine section is immediately
terminated when gob arrival timing at that section exceeds the preset limit, while the

10 blow melds and ware transfer mechanisms for that section are permitted to complete an
operating cycle. In this way, damage to the blank molds and generation of tramp glass
are prevented while the section is cleared of acceptable glassware, After the potentially
misloaded glass is cleared and any necessary repairs ate made, the machine section may
be restarted employing normal restart techniques. Operation at the other machine

15 sections continues without interruption.

In a presently preferred embodiment of the invention, gob sensors are positioned at
the gob distributor and at each machine section for sensing arrival timing of glass gobs at
the blank molds of that section. Preferably, an electronic controller is coupled to all of
the gob sensors for timing travel of glass gobs through the gob distributor to each of the

20  blank molds in each section. When the travel time of a glass gob between the gob
distributor and a blank mold in any machine section exceeds a preselected limit,
operation of the blank molds at that section is immediately terminated while the pending

. cycle of operation at the blow molds is completed, Preferably, the gob arrival timing

information is stored over a plutality of machine cycles, and the information so stored is
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evaluated for determining condition of the gob delivery mechanism.

Advantageously, this is accomplished by determining both average gob arrival timing at

each
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biank mold of each machine section and standard deviation of such timing at each blank mold
of each machine section, and displaying such information on command to an operator for
evaluation. In this way. deteriorating conditions at any gob delivery path can be identified in
advance of machine shut-down.

Brief Description of the Drawings

The invention. together with additional objects, feamures and advantages thereof,

-will be best understood from the following description, the appended claims and the

accompanying drawings in @hich:

'FIG. 1 is a functional block diagram of an individual section machine glassware
forming system in connection with which the present invention preferably is implemented;

FIG. 2 is a more detailed functional block diagram of a portion of the system
illustrated in FIG. 1:

FIG. 3 is a functional block diagram of a gob arrival timing and machine
control system in accordance with one presently preferred embodiment of the invention: and

FIG. 4 is a representative display of gob arrival timing for operator gvaluation.

Detailed Description of Preferred Embodiments

FIG 1 illustraies an IS machine glassware forming system 10 as comprising a
reservoir or bowl 12 containing molten glass (from a forehearth) thar is fed by a needle
mechanism 14 to a shear mechanism 16. Shear mechanism 16 severs individual gobs of
molten glass. which are fed by a gob distributor 18 10 an IS machine 20. IS machine 20
includes a plurality of individual sections within which the gobs are formed into individual
pieces of glassware. Each section terminates in a Sweepout station. from which the articles of
glassware are delivered to a common cross conveyor 22. Conveyor 22. usually an endless belt

vonveyor, delivers the containers in sequence to a lehr loader 24, which loads the containers
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in batches into an annealing lehr 26. The vontainers are delivered by lehr 26 to the so-called
cold end 28 of the manufacturing cycle, at which the containers are inspected for commercial
variations, sorted, labeled, packaged and/or stored for further processing.

System 10 illustrated in FIG. 1 includes a multiplicity of operating mechanisms
for performing operations on the glass, moving glass workpieces through sequential stages of
operation, and otherwise performing functions in the system. Such operating mechanisms
include, for example. needle mechanism 14, gob shear mechanism 16, gab distributor 18 and
lebr loader 24. In additioh, there are a multiplicity of operating mechanisms within each
section of IS machine 20, such as mechanisms for opening and closing the molds, mechanisms
for in and out motions of the funnels, baffles and blow heads, mechanisms for motions of the
invert arms and take-out tongs, and sweepout mechanisms for moving the ware onto cross
conveyor 22.

Referring to FIG. 2, IS machine 20 includes a plurality of individual sections
20a, 20b...20n. Each individual section includes at least one and preferably a plurality of
blank molds 30 that receive glass gobs simultaneously from gob distributor 18. In the
particular exemplary system illustrated in the drawings and herein discussed, machine 20
comprises a so-cailed triple-gob machine, in which each machine section includes three sets
of blank molds 30 and three sets of blow molds 32 for operating simultaneously on three glass
gobs to produce three pieces of glassware. So-called single, double and quad machines are
also employed in the art. Glass gobs are delivered substantially simultaneously to the blank
molds 30 of a given machine section. and are delivered to the blank molds of the several
machine sections in the so-called firing order or sequence for which the system is designed.
Glass gobs are simultaneously formed into parison blanks in molds 30, and are simultaneously

transterred by associated invert arms from blank molds 30 to blow molds 32. At blow molds
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12, the parison blanks are blown to final form while the next series of parison blanks are
formed in biank molds 30. As the next series of parison blanks are transferred by the inven
arms to blow molds 30, the finished ware is transferred from blow molds 30 by takeout tongs
to the deadplate of a sweepout station 34. The several sweepout stations 34 are operated in -
5 sequence to deliver finished ware 10 cross conveyor 22 (FIG. 1).

To the extent thus far described, IS machine glassware forming system 10 is of
conventional construction. Reservoir 12 and needle mechanism 14 may be as shown. for
éxaxnple. in U.S. Patent No. 3,419,373, In a currently preferred embodiment of the
invention, needle mechanism 14 is as disclosed in U.S.- Patent .wNo. 5,885,317

10  Gob shear mechanism 16 may be as in U.S. Patent No. 3.758.286 or 4,499.806. or more
preferably as shown inU.S.: Patent No.5,573, 570;(11ed October 13. 1994, Gob

. distribuzor 18 may be as in U.S. Patent No. 4,529,431 or 5,405,424, U.S. Patent Nos.
I 4.362.544 and 4.427.431 illustrate typical [S machines 20, and U.S. Patent Nos. 4.199.344,
il 4.222.480 and 5.160.015 illustrate typical sweepout stations. U.S. Patent Nos. 4,193,784,
s 15 4.290.517. 4.793.465 and 4.923.363 illustrate suitable lehr loaders 24. U.S. Patent Nos,

4.141.711, 4.145.204, 4,338,116, 4,364,764, 4,459,146 and 4,762.544 illustrate various

0 arrangements for electronic control of glassware manufacture in an IS machine system. A
i system for controiling motions of IS machine operating mechanisms is illustrated, for example.
.. in above-noted U.S. Patent No. 4.548.637. The disclosures of all U.§. patents and

20  applications noted above are incorporated herein by reference for purposes of background.
In accordance with the present invention, the gob sensors 40a. 40b. 40c (for a

iriple gob system) are positioned so as to sense passage of molien glass gobs from shear

mechanism 16 to gab distributor 18. Sensors 40a-40c may be disposed at any suitable

locations along the gob delivery paths, such as between gob shear mechanism 16 and the inlet
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scoops of gob distributor 18, or along the scoops, troughs ar deflectors of gob distributor 18,
A second set of pab sensors 42a, 42h, 42c is positioned 5o as to sense passage of molten glass
gobs from gob diswibutor 18 1o the associated blank molds 30 of each machine section 20a.
20b...20n. Sensors 42a, 42b, 42c may be positioned immediately adjacent to the blank molds,
adjacent to the blank mold inlet baffles, or at the outlet ends of the gob distribution detlectors.
The important point is that sensors 40a-40c and 42a-42¢ are so positioned as to provide signals
indicative of travel time of molten gobs through gob distributor 18 and arrival of the moiten
£obs at the blank molds 30 of each machine section. Sensors 40a-40c and 42a-42¢ may be of
any suitable type, such as those shown in U.S. Patent No. 4,574,000, for example.

The several sensors 40a-40c and 42a-42¢ are coanected through a multiplexer
44 (FIG. 3) 10 an electronic controlier 46, which provides a control input 10 the multiplexer
for selecting among the plurality of input sensor signals. Controller 46 also receives machine
timing and reset signals for reference to timing of machine operation, and provides outputs to
computerized section operator consoles or COMSOCs 48a, 48b.. 48n, which control operation
of machine sections 20a, 20b...20n respectively. COMSOC units 48a-48n may be as shown
in U.S. Patent Nos. 4,364,764 and 4,459,146, for example. Controller 46 also receives an
input from an operator keyboard 30, and provides an output to an operator display screen 52
for purposes as will be described, as well as for other convertional control purposes.

In operation, controiler 46 monitors timing of signals from molten gob sensors
402-40c and 42a-42¢ for two purposes: long term evaluation of gob delivery timing and
controlled section shut-down in the event of a late gob delivery. Controller 46 operates
through multiplexer 44 to poll the various sensors 402-40¢ and 42a-42c so as t0 measure
individually the time of passage of glass gobs through each delivery path to the biank molds

30 of each machine section. These travel times are stored within controller 46 so that each
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delivery path can be evaluated as o its condition for delivering glass gobs, and gradual
deerioration of equipment due to dirt buildup, coating wear or other causes ¢an be traced. For
this purpose. an operator at keyboard 50 can selectively call for display of statistical gob
arrival information at screen 52. For example, FIG. 4 illustrates 2 gob arrival evaluation
display in which information is provided as to each blank mold cavity A, B and C for each
machine section ! through 10 of a triple-gob ten-section machine. All times in FIG. 4 are in
units of machine degrees, computed by controller 46 (FIG. 3) based upon the machine timing
and rest input signals, The dfsplay of FIG. 4 shows, for example, that the average arrival time
in cavities A-C of section 1 over the last 50 machine cycles was 7.1 degrees, with a standard
deviatioﬂ of 0.4 degrees. Likewise, the average gob arrival time at cavities C for all sections
1-10 (which share common portions of the gob paths through distributor 18} over the last 50
machine cycles is 6.8 degrees, with a standard deviation of 0.4 degrees. [nformation of this
character can be employed to evaluate deteriorating conditions, if any, in the gob distribution
sysiem. Other information, such as maximum and minimum delivery times, can also be
computed and displayed.

A second feature of the present invention is to shut down 2 machine section in
a controlled manner to allow the good partially formed glassware to be completed while
disabling the mechanisms that would cause generation of tramp glass and potential blank mold
damage. This is accomplished by computing gob arrival times at each biank mold of each
section in real time as the gobs are delivered 1o the blank molds. If gob arrival timing exceeds
a preset limit, controller 46 (FIG. 3) operates through the COMSOC 48a-48n associated with
the blank mold in question to terminate operation of the blank molds of the section in question
while continuing operation of the blow melds. takeout tongs and sweepour stations sc as to

complete forming of the glassware in process at that section. The shurdown limit may be
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determined empirically by observing 2 section at which gob loading is timely, and noting the
gob arrival timing for that section. The blank mold baftle may then be operated manually at
that section so as to be brought on earlier until a gob nips the baffle. Adding the number of
degrees of thange at the battle required betore gob imerference to the previously noted normal
arrival timing for the gob that interfered with the baffle wiil then be the shut-down limit
setting. This setting may be entered into controller 46 by means of keyboard 50. Other
techniques for calculating or empirically determining the shutdown limit may be employed.
Exemplary machine stop and start routines are disclosed in above-referenced U.S. Patent No.
4,364,764

It will thus be seen that the present invention provides a method and system for
monitoring and controlling individual section glassware torming system operation that fully
satisty all of the objects and Vaims previously set forth. Aithough the present invention has
been described in detail in conjunction with a presently preferred embodiment thereot,
numerous modifications and variations may be implemented without departing from the spirit
and scope of the present invention in their broadest aspects. For example, rather than employ
gob sensors 40a-40c for sensing passage of molten glass gobs to or through gob distributor 18,
a reference signal for gob arrival timing could be generated by a sensor responsive to operation
of shear mechanism 16, or for that matter by an electronic signal that commands operation of
shear mechanism 16. Use of gob sensors 40a-40c is preferred for the purpose of eliminating
other possible sources of timing errors not directly associated with gob travel time. It is also
presently preferred to manipulate and display gob arrival times in terms of machine degrees
so that such times can be more readily related 1o machine operation. However, gob arrival
timing could as well be manipulated and/or displaved in units of real time. The system of the

present invention may also be readily employed for monitoring other machine operating times,
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such as the so-called offset time between the machine index or reset pulse and

timing of actual gob arrival. The system may also be employed to provide alarm signals
to an operator in the event of deterioration of gob arrival timing at one or more blank
molds, which would provide an opportunity for remedial action and possible prevention
of shutdown of cne or more machine sections.

Although the invention has been described with reference to specific examples it
will be appreciated by those skilled in the art that the invention may be embodied in

many other forms.
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THE CLATMS DEFINING THE INVENTION ARE AS FOLLOWS:—

l.

A method of controlling operation of an individual section (IS) machine for
forming hollow glass containers that includes means for delivering glass gobs to each section
of said machine. first means at each section for forming gobs into blanks, second means at
each said section for forming blanks into containers, means for transferring blanks from said
first means to said second means, and means for delivering containers from said second means,
said method comprising the steps of:

(a) timing arrival of each said gob at each said first means,

(b} comparing each gob arrival timing in said step (a) to a preser limit, and

(c) when gob arrival timing in said step (a) exceeds said preset limit in said step
(b). immediately terminating operation of said first means of the associated section to prevent
generation of tramp glass at said first means, while completing a cycle of operation at said
transferring means, said second means and said delivering means of said associated section o

complete formation of blanks at said second means ino glass containers.

2.
The method set torth in claim | wherein said step (a) comprises the steps of:
(al) storing gob arrival timing information over multiple cycles of operation for
each of said machine sections, and
(a2) selectively displaying average timing information for evaluation by an

operator for deterioration of operation of said gob delivering means.
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3.
The method set forth in claim 2 wherein each said machine section includes a
phurality of said first means and a corresponding plurality of said transferring means and
said second means, and wherein said step (a) comprises the step of timing arrival of each

5 said gob at each of said plurality of first means at all of said sections.

4.
An individual section (IS) machine glassware forming system that includes means
for delivering glass gobs to individual machine sections in sequence, first means at each
10 said section for forming gobs into blanks and second means at each said section for
forming blanks into glass containers, and means for timing arrival of said gobs at each

said section and terminating operation of a section in the event of an imminent gob

misload, said timing means comprising:
I
I . means for timing arrival of each said gob at each said section,
15 means for comparing gob arrival timing to a preset shutdown limit at each said
section, and

means for immediately terminating operation of said first means in a section while
e, permitting completion of a cycle at said second means in that section when said gob

i arrival timing at said section exceeds said preset limit.
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5.
The system set forth in claim 4 wherein each of said sections includes a plurality
of said first and second means, and wherein said operation-terminating means comprises means

for terminating operation at all of said first means in a machine section while permitting

5 completion of a cycle at all of said second means in that section when gob arrival timing at any

one of said first means at that section exceeds said preset {imit.

6.
The system set forth in claim 5 further comprising means for storing gob arrival
timing information over a plurality of machine cycles, and means for evaluating such

10 information for deterioration of operating conditions at said gob-delivering means.

7.
The system set forth in claim 6 wherein said information-evaluating means
comprises means for determining average gob arrival timing at each of said first means at each

machine section, and tneans for displaying said average gob arrival timing to an operator.

15 8.

The system set forth in claim 7 wherein said infarmation-evaluating means
further includes means for determining standard deviation of gob. arrival timing at each of said
first means at each said machine sections, and means for displaying said standard deviation of

gob arrival timing to an operator.
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9.

An individual section (IS) machine glassware forming system that includes an
individual section machine having a plurality of machine sections each with a plurality
of blank molds in which glass gobs are formed into blanks, a plurality of blow molds in
which blanks are formed into individual glassware, means for delivery of glassware from
said blow molds, and means for delivering glass gobs to the blank melds of a section
simultaneously and to each section in turn, means for timing arrival of said gobs at each
of said blank molds at each said section wherein the timing means comprises:

first gob sensing means for sensing arrival of glass gobs at said means for
deliveting glass gobs,

second gob sensing means at each said machine section for sensing arrival of glass
gobs at the blank molds of each said machine section,

means coupled to all of said gob sensing means for timing travel of glass gobs
from said first gob sensing means to each of said second gob sensing means,

means coupled to said travel-timing means for determining when travel time of a
glass gob from said first gob sensing means to any of said second gob sensing means
exceeds a preset limit, and

means responsive to said determining means for immediately terminating
operation of the blank molds of the machine section at which gob travel time exceeds
said preset limit while permitting completion of a cycle of operation at the blow molds of

that section.
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10.

The system set forth in claim 9 whetein each of said sections includes a plurality
of said tirst and second means, and wherein said operation-terminating means comprises means
for terminating operation at all of said first means in a machine section while permitting
completion of a cycle ar all of said second means in that section when gob arrival timing at any

one of said tirst means at that section exceeds said preset limit.

11.

A method of controlling operation of an individual
section machine for forming hollow glass containers
substantially as herein described with reference to any one
of the embodiments of the invention shown in the accompanying

drawings.

12.

An individual section machine glassware forming
system substantially as herein described with reference to
any one of the embodiments of the invention shown in the

accompanying drawings.

DATED this 21st Day of April, 1998
OWENS-BROCKWAY GLASS CONTAINER INC.

Atiorney: STUART M SMITH
Fellow Instinnte of Patent Attomeys of Australia
of BALDWIN SHELSTON WATERS
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SHOP A-3 GOB ARRIVALS (DEGREES)

Cavity A-C

over Last 50

Section / Cavity A B C Mach Cycle

1 Last Arrivall 75 66 74 SecAv 71
Range Last 50| 6.1 75| 68 7.8 1.0 77 | SecSD 04
5 Last Arrivall 6.1 7.2 70 SecAv 67
Range Last 50| 5.7 751 64 74 6.3 74 | SecSD 05
3 Last Arrivall 56 6.8 63 SecAv 64
Range Last 50( 5.2 711 58 68 6.3 74 | SecSD 06
4 tast Arrivall 6.2 58 6.5 SecAv 6.3
Range Last50| 5.1 69 57 12 6.3 69 | SecSD 05

5 Last Arrivall 50 59 6.0 SecAv 6.1
Range Last50( 4.9 68| 54 68 | 57 70 | SecSD 08
LS § Last Arrivall 6.8 56 6.3 SecAv 60
ot Range Last 50| 4.9 68| 56 6.7 5.8 67 | SecSD C5
T ; Last Arrivall 55 60 67 SecAv 65
e RangeLast50| 53 70| 57 71 | 62 71| SecSD 05
. g Last Arrivall 57 65 68 Sechv 65
tes Range Last 50 5.5 72|58 73| 62 7.1 | SecSD 05
R g Last Arrivall 6.9 6.4 70 SecAv 68
et Range Last 30| 5.5 74| 59 75 6.7 76 1 SecSD 05
e 0 Last Arrival 8.1 69 67 SecAv 69
Range Last50] 58 761 61 17 6.7 75 | SecSD 05
e Sections 1-10 | ¢4y Averages 6.3 65 68 TotAv 6.5

over Last 50 ¢ ' ' ' '
eus Mach Cycles Cav Std Devs 0.7 08 04 TotSD 06

.
csaswe
. .

FIG.4
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